\

§

\ -~

'CANADIAN THESES ON MICROFICHE

i
.

<N . . N

_THESES CANADIENNES SUR MICROFICHE

-

. N \

Lo -
N \

i

Nationat Library ot Canada
Cotlections Development Branch

Canadian Theses on

Microfiche Service sur meicrofiche

1 Ottawa, Canada
h K1A ONa»

NOTICE

The quallty of this microfiche is heavily dependent upon the
quality ot the original thesis submitted for microfiiming, Every
effort has been made to ensure the highest qQuality of reproduc-
tion possible-

It pages are"missmg. contact the university which granted the
degree, —

Some pages may have indistinct print especially If the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

-

Previously, \gopyﬂghied materials (journal articles, published
tests, etc.) are not fiimed,

Reproduction in fufl or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, ¢, C-30. Please read
- the authorization forms which accompany this thesis.

. 3 AN
THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

ML 33 ¢ 88/09)

[
|

[

Bibliothéque nationale du Capada
Direction du développement des collections

Service des théses canadiennes

. AVIS

La qualité de cette microfiche dépend grandement de la Qualité
de la thése soumise au microfilmage  Nous avons tout fait pour
assurer une qualité supéneure de reproduction

'

S'lt manque des pages, veulllez communiquer avec I‘uni\}er-
sité qui a contéré le grade,

La qualité d'imprbssion de certaines pages peut laisser & '
désirer, surtout sl les pages originales ont été dactylographiées
a l'aide d'un ruban usé ou si Funiversité nous a falt parvenir
urie photocopie de qualité inférieure. ‘

Les documents qui font déja I'objet d'un droit d'auteur (articles
de revue, examens publiés, etc.) ne‘ont pas microfilmés.

Le,reproduction, méme partiefle, de ce microfilm est soumise
4 la Lol canadienne sur le droit d'auteur, SRC 1970, c. C-30.
Veulllez prendre connalssance des formules d'autorisation qul
accompagnent cette thése

-

LA THESE A ETE ¢
MICROFILMEE TELLE QUE
"NOUS L'AVONS REGUE

Canad



THE UNIVERSITY OF ALBERTA .

R Variability of Most Pkobat?le Num?er (MPN) Counts of
Escherfchia coI}/ in V\acuum~Packaged; Fr‘esh Meats
by ’ .
@ " L. J. HARRIS
= -
© : ' A THESIS

SUBMITFED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR ‘THE DEGREE
OF MASTER OF SCIENCE |
IN

FOOD MICROBIOLOGY

\/h\\\ : DEPARTMENT OF FOOD SCIENCE

~
oy

\.

EDMONTON, ALBERTA

FALL 1986



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or sel
copies of the film. . f

f

The author (copyright owned)
has réserved ocrlﬂr
publication rights, and
neither the thesis Aor
extensive extracts from t
may be printed or otherwise
reproduced without his/her
written permission.

1SBN

e

L'autorisation a 2t& accorqée
3 la Biblioth2@que nationale
du Canada de microfilmer
cette thlse et de préter ou
de vendre des exemplaires du
fALlm.

p'auteur (titulaire du drdit
d'auteur) se réserve les
autres droits de publication;
ni la thé@se ni de longs
extrafts de celle-ci. ne
doivent @&tre imprim&s ou,
autrement reproduits sans son
autorisation &crite.

.

0_315_32567"4



' " THE UNIVERSITY OF ALBERTA

RELEASE FORM

NAME OF AUTHOR L. J. HARRIS

a

TITLE OF THESIS Variability 6: Most Probable\Numbef
. (MPN) Counts of Escherichia col| ig
' Vacuum-Packaged, Fresh Meats
DEGREE FOR WHICH THESIS WAS PRESENTED MASTER OF SCIENCE
YEAR THIS DEGREE GRANTED FALL 1986

P migsion is hereby Qranﬁed to THE UNIVERSITY OF

' ALBERTA' LIBRARY to reproduce single cdpie; of this

thesis qnd to. lend or sell such copies for private,

o
s@holarly or scientjific research purposes ohly.

\‘\

The author reserves other publication rights, and
neither the thesis nor extensive extracts from 1t may
be prxnted or otherwise reproduced without the author s

p———

written perm1 ssion.

PERMANENT ADDRESS:

- : ‘ 88 Swallow Stfeet‘
Kitimat, B. C.
Vv8C 1K7

DATED 10 October, 1986

TN



)
. N
. L

-

THE UNIVERSITY OF ALBERTA

b
FACULTY OF GRADUATE STUDIES AND RESEARCH
ot Y ‘ \

[ "\ '

|
The undérsigﬁed c'erti‘fy%t“t‘xat they ba‘%el";ead, and
recommend to the Faculty of G'radua‘t.él Studies aﬁ'd Research,
for acceptance, a thesis entitled Vla;\riability of Most
Prébable“ﬁumber (MPN) Counts of ESChePVChié Coifiin 5
Vacuum-Packaged, Fresh'Meats. submitted by L. J. HARRIS‘ in!:.
partial fulfilment of the r‘equirements for the degree oﬂ\‘ o

MASTER OF SCIENCE in FOOD MICROBIOLOGY. |

»

CLJ%&VJ 16;178@

19 11 1 - S



4

ABSTRACT - -
This study was done to.determine the eff@ot of
refrigerated storage of vacuum packaoed, fresﬂﬂmeat on the
detection of Escﬁ?rlchla col | by standard and elevated
temperature techniqdes!‘Test strain&%of fafcal coliform

bacteria were inoculated into fresh ground beef that had

been irradiated to reduce ' the background microflora to <102

colony forming units per gram. Plate counts on sele@tlve
media incubated at 35 or 45 C gave highly consxstent
results, waever,the necessity for precise control of

4

elevated temperatures became apparent. The standard most

‘probable number (MPN) .technique (lauryl sulphate tryptose

broth at 35°Ckfollowed by EC broth at '45°C) also gave '

relxable results In contrast, direct inoculation into
‘3

broths with 1ncubat10n at 45°C gave unreliable andﬁhxghly

varlable results. thle the major factor 1nfluenc1ng the
A

: varxabxllty of the MPN, results did not appear: to be related

to cold temperature storage, 1t“appeared fo be strongly

im

' »‘COII 1n

¢influénced by the lactic acid batteria growing in the meats

© A

'durihgustorage. Although the effett of .lactic 'acid bacteria

on the E. coli in the meats was not conclusiveiy

demonstrated addltlon of a mxxed lact1c acid bacterxa to E.
o

nutrlent broth had a str1k1ng effect on v1ab1l1ty of

R

" E. coll In addition, several anaerogenlc var1ants of -E.

col| were 1solated in the course of the study The varzants

. also had a. def1c1ent n1trate reductase system and were found

to be ple10trop1c chlorate resistant mutants. The

! D o ) '

v o ' ' -



significance of these mhténts«to 1he detection of E. coif in
meats Qas not determined. The use of EC and ﬁST brpﬁhs at
45°C cannot be recommended 'as direct (rapid) methods for
identifying,“faecal"~type E. cbli or coliform bacteria in
meats;bln the dgvelo;ment of modified or rapid metﬁods for
the defection of faecal coliforms in food systems,
partiéula; attention Shpuld b§ given to the effects of the

inherent 'background microflora,. to the selection of media

and to the control of incubation temperatures.
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1. INTRODUCTION

Indicator organisms, ‘particularly the "coliform
bacteria”, are widely used to monitor the sanjtary quality
of heat treated foods. Even 10w levels of coliform bacteria
in these foodé can inéicate inadequate processing or
post-process conﬁamination, either of which could affect the
keeping quality or safety of .the product, However, the
-, ubiquitous nature of the coliform group of bacteria makes
them unreliable indicators of "faecal™ contamination and of

.
potential hazard in unprocessed foods, such as raw milk,
vegétables and meats. Therefore, in these foods, £, col/ is
still con;idered.to be the indicator of choice bécause of
its séecificity to the intestinal environment (Mossel, 1982;
Shaw and Roberts, 1982). Attempts to develop standa{és for
E. coll in raw foods-have usually caused controversy,
espeéially ?egarding standards for meats (Carl, 1975;
Winslow, 1975; Goepfert, 5976). However, in quality conérol
programs, high levels of E£. colf in raw meat can indicate

unsanitary handling, processing and storage, and can be

useful for monitoring production lines.

4

The standard testé for coliform bacteria and E. coli
;ere‘érigigally developed at the turn of the century for
testing of water sgpplies. In the 1929's,these tests were
adopted for the moniﬁofing of foods, primarily milk and
dairy products (Mossel, 1982). Most tests are baéed‘upon

fermentation of lactose with production of acid (plating

media) or acid and gas (broth media). The most probéble



number technique (MPN) waE,originally adopted because of its
si&prfﬁity éﬁa‘usefulness #n detecting low levels of £, col/
in water and heat processed foods, However, positive \\
identifﬁcatidn of £, colf in associatlon with the MPN
technique requires a protocol that takes as mény as 10 days

'

to complete.

In recent years the focus of studies on the enumeration
of £, colf has been the modification of testing procédures
to make them }esét;;e consuming. The ﬁost po?ular of these:
modifications Ras been'thé use of elevated incubation
temperatures. These ﬁests”are based on Eljkman's observation
in 1904 that cultures of £. col/ could ferment gluéose at |
46°C, while other coliform bacteria could not. Gas and acid
production  from lactose at 44.0 to 45.5°C, as well as
productibﬂ of .indole from tryptophan at 44.0°C, are the most
widely accepted criteria in use today.

Alfhoggh the MPN technique can be useful for
determi;ing low levels of contamination of foods and water,
many problems have been associated with the test. bn the one

hand, a false positive test (gas producti%n in theMabsence

of coliform bacteria or E. coli) can arise from the wth

of non-coliform or non-faecal coliform bacteria in standar
or elevated températuré tests, respectively. Tbis could lead
to the rejection of an acceptable product. On the other
hand, false negafive teéks (preéehce of colifofm bacteria in
the absence of gas prod&%tion) can arise for a variety of

reasons. It is well documented that some strains of E. coli,

4
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are éither lactose negative,’ late (slow) lactose fermenteré,
totally anaerogenic ‘or anaerogenic at elevéted tempepaturés
(Edwards and Ewing, 1972; Dufour, 1977). High lévgls of
_adventitious bacteria (a situation not uncommon in food) can
interfere with growﬁh and gas production of coliform
bacteria in MPN testsl(Goepfert, 1976;)Evans'et al,, 1981b;
Hussong et ala, 1981). |

It has also been shown that with differen} types énd'
1eve15 of stress E, coll can either‘totally lose its ability.
to ferment lactose (Kasweck and Fliermans, J9785 or
temporarily or permanently lose its ability to produce gas
from lactosé at elevated temperatures (Bueschkens and .
Stiles; 1984 ; R. Nédd,.M. Sc. thesis, University of Alberta,
1984).. Food processes or storage conditions such as mild
heat treatment or frozen or refrigerated storage can create
stressful énvironments ;hich ére injurious, but not lethal,
to é; col i (Hurst, 1977). Injured coliform bacteria are mo:é
sensitive to the bile salts and elevated teméeratures used °
in tests to select them (Ray; 1979) . All of these factors
can lead to an under-estimation of the coliform populaéion
of a food and can result in the‘accepténcé of é potentially
hazardous product. -

,Current tfeﬁds in meat Héndling involve thelcentralized
cutting of‘meats ana vacuum packaging for supply to the
retail and hotel-restaurant (HRI) trades. Vacuum‘packaging

has been shown to be an effective way of éxtending the shelf

life of fresh meat during refrigerated storage by

1



: . AL
suppressing the growth of aerobic spoilage organisms, such

as Pseudomonas spp. (Byﬁh and Clark, 1972). In combinatiOﬁ
with storage at 0 - 4BC, the shelf life of fresh meat can be
extended from a few days to many weeks. The‘effectf of
refrigeration on the viability of bacteria ané ipdicator
organisms in foods has not bgeﬁ fully studied (Mackey,
1984). It is not clea} whéther'prolonged cold storage of
meats can cause sufficient injury of the bacterial cells to
affect the detection of .indigenous coliform bacteria in
standard testing procedures.

~ The objective of this study was 'to determine the effec£
of refrigerated storage of vacuum packagéd fesh medt on the
detection of typical colifbfm bactetia by e)evated

temperature incubation, with particular emphasis on the

reliability of the MPN procedure.
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2. REVIEW OF THE LITERATURE
' ' - . N . ‘ﬂ
This review focuses on spandard tests used to enumerate

i
1

the coliform group of 1nd1cator§§rgan~sms mxth special
emphasxs on the MPN testing procedure. Partlcular atten?hon
\:as been given to the causes of false negatxve MPN results

and to the specific cellular ?eactionshinyolved in the

Mmoot r

fermentation of lactose to acid and gas. -

. o , B - )
2.1 Historical Development of "Coliform Bacteria" as . =

N

Indicator Organisms and TeSts for,fheir Detection .

The concept of 1nd1cator organ1sms was 1ntgoduced. | f
1ndependently by Schardxnger in jAustria in 1892 and by Smxth
i the Un1ted States in 1895 as a means of assessing the .

‘nxtary qualxty of water (Mossel, 1982). At that timek'
yphoid'and paratyphaid fevers, dYsentery and chplera were’
transmitted by drinking waﬁer contaminared with raw sewaée.: @

These dlseases were e1ther spread by 1nfected persons\or by
asymptomatlc carrlers of the dlsease caus1ng organlsms \The

S a7

"‘pr1nc1pal aim of using indicator organ1sms was to avoid " "
test1ng for 1nd1v1dual pathogens for whlch test methods~were
elther too complex or unava1lable. The absence of an . xj S
;nd1cator organ1sm in a water sample was assumed to mean ‘the .
‘absence of faecal pollut1on, whereas 1ts presence was an
\1ndldat1on of recent faecal pollut;on,_and‘the‘poss1b1e
presence of 1ntest1nal pathogens." ‘@
In1t1ally, “Bacterfum coli commune (Escherichia coll)

_was chosen as. the 1nd1cator organ1sm. It was fxrst descr1bed

"

-



in 1885 by Escherich, who'observed large numbers of a
"non-typhi" organlsm 1n the course of 1nvestxgat10ns on the

j%aeces of chlldren (Bardsley, 19?5) The etiological agent
of typhoxd fever (Salmonella typhf) was d1scovered at about'
the same t;me.\For this reason, many of the early studies on
thése organisms centered atoundkmethods for their differento,
iation (Ewing, Davis and Martin, 1972). The observation that
E. colf could ferment lactose with the'production‘of acid,
‘while S. typhi could«not resulted in this phenotype
becomlng the major dlstlngu1sh1ng characterlstxc for S.

typh/ and E,,Coll/collform bacteria. !

’“Bacterfum coli™ was thus defined as ;ali gram negative

non—spore—forming bacilli which ferment lactose with gas
formation‘and grow aerobioallybon standard solid media”

(APHAI f925). It was found -that this definition included

other distinct bacteriai speoies, such as "Bacyer ium
éerogenes" (now d1v1ded between Enterobacter aerogenes and
‘fKIebsiella pneumoniae) SO 1t was renamed the col1-
aerogenes group..Toda} these organzsm§<are‘known as the,
col1form bacter1a and in addltlon to. E' coli, ‘they f
1nc1ude members of the genera Cftrobacter EntePobacteP, and
Klebsiella (1CMSK, 1978) R ] e
 Of the col1fo m group of baq%erla, only E. coli is |
specific’ to the 1ntest1nal envzronment The others are found
_1n faeces but they also constltute part of the natural flora

of many extraenteral env1ronments such as 5011 vegetatlon

.and water (Grlffxn_and;Stuart, 1940;1Krieg,‘1984b).‘Igﬁmany
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~ cases, therefore, "coliform bacterla alone are of lxttle

‘value in assessing “faecal" contamlnatxon. When coleorm
\ \
bacterla and E. colf were adopted as 1nd1cator organxsms in

foods' problems arose in xnterpretatxon of results because,
‘unlxke vater where E. co]i dxes rapxdly,vcoleorm bacteria
. can multiply 1n many foods under approprxate conditions.

Therefore large numbers of these organxsms in a food do not

&
necessarlly indicate exther recent or d&rect.faecal
O | , ‘ ‘
contamination.

The MPN‘method was originally chosen over platingfv
methods because‘of‘its sensitivity for enumeration of low
~numbers of coliform bacteria in water and foods' Isolation {

of collform bacter1a from natural sources by th1s method is

complxcated by the fact that other organxsms alone or.,
\ ', “'V
“]synerglst1cally, can produce gas in standard lactose broth
Thus they can.give rise to p051t1ve tests 'in the absence of

"

col1form bacterla (Meyer 1918 Sears and’ Putnam 1923)
- S : L

Hussong‘ét al. (1981)'concluded ‘however' "that nof51ngle"“
e ’ ~|" ',

spec1f1c bacter1al group can be Tdentlfzed as be1ng S
responsxble for the false p051t1ve reactzon in the,.

' presumptlve collform test»; The add1tlon of dyes, such as

brllllant green and surface act1ve agents, such as lauryl

sulphate, to a confxrmatory broth reduced the number of .
false pos1t1ve tests ue to. gram posztlve bacterla, by

'1nh1b1t1ng their growth Addltlon of bile salts favoured the ‘
growth of the col1form bacter1a. ; e

, I

| . 0
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When testihg’requlres the poSitive,idehtificatiom of E.
coll, colonies isolated'from the‘confirmatory MPN broth‘must
‘be subjected to the so~called IMViC tests (indole, methyl .
l:red, Vodes;Proskauer and citrate) (Parr; 1936, 1938)?
cbfl biotype 1 was idehtiﬁied by a ++-~- reaction. Thus the
time required.to analyze a sample for E. coli iucreased from
2‘days‘to as many as 10 days. | |

In the 1930 s and 1940's attempts were made to 1ncrease
the specxfxcxty of the testlng procedures and thus reduce
the time requxred for analysis. Most of these modlflcatxons
were based on Eijkman's observation in 1904, that cuftures
of E. coll ferment glucose,with acid and gas orodUCtlon at

46°C' while other coliforms could not. This observatlon was

A A}

largely 1gnored unt11 the late 1920's when 1t was recon51d-
ered as a tool for d1fferent1at1ng faecal E. coll from other

‘collform bacter1a. Batty Smlth (1942) rev1ewed the

,llterature on ‘the subJect and concluded -that, ‘although early .

i

op1nlons about the" va11d1ty of the test varied, the Exjkman,

5test could be used successfully to reduce the number of"

" false poszt1ve results due to non-E coli col1form bacterla

"1n the MPN test

r The recommended method 1nvolves‘1nocu1atlon 1nto ,
MacConkey broth tubes with incubation at 37°C~forf;8 h,
followed by subculture of p051t1ve tubes 1nto MacConkey
broth at 44 C. Gas p051t1ve tubes at the elevated

temperature were con51dered 1nd1cat1ve of “faecal colf" §

temperature of 44 C 1n the medlum was. stressed To ach1eve

. .

R
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f\this circulating water~baths with acchrately controlled
:temperature regulators were used it was suggested that -
non- standardxzatlon of lncubator temperatures waslthe most |
likely explanatxon for the conflxctxng 1nformatxon reported
in the early llterature | | . |

Perry and Hajna (1944) increased the‘sensltivity of
yExjkman s broth by substltutxng lactose for glucose and
add1ng buffer and blle salts They named- the new medium
"Escheﬁlchfa Coli" (EC) broth, and an incubatlon temperature
of 45.5°C'was.recommended; In a further attemptito increase
the spec1f1c1ty of the tests, lt was prooosed‘that the
ablllty of organlsms to produce 1ndole from tryptophan in
"broth at 44.0°C should be added to the testlng criteria
‘(MacKenz1e, Taylor and Gllbert 1948) It was. suggested that_
th1s'would ellmlnate all faecal coleorm bacterxa other thanh
?E coli biatype I.‘Reports contlnue to 1nd1cate that the
spec1f1c1ty of elevated temperature tests’ for E coll 1s
very good (Geldrlch et al. 1958 Burman, 1961-’Tennant and
‘dReid 1961- Geldrelch Kenner and Kabler, 1964 Geldre1ch
‘and Bordner 1971' St1les and Ng, 1981a, WGISS et al ‘
1983) In most of these studles greater than 90% of stralns_
'-of E coll produce gas at elevated temperatures wh1le the |
‘ majorlty of non faecal col1form bacter1a do not. However, “in
recent years, there have‘ﬁhen 1ncrea51ng numbers of reports“
of fion- faecal colzform bacter1a, partlcularly K. pneumonlae,n
Cltrobacten fneundli and Enter'obacter' spp., causmg false.

posxtlve MPN tesqs (Mlshra,,Joshl and Pan1cker, 1968;
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B Hendricks, Té?O;*Splittstoesser éf“b},ﬁfﬁ?éb{'Caplanaslandj
Kanarek 1984).. f:"‘l B :". ” o “ql
Dependlng upon the 1ntended purpose, Enterobacterc‘
Iaéeae, coleorms faecal collforms and E CO]f ‘have all
been used or proposed as. 1nd1cators bf‘faecal pollutxon Two
'most probable number (MPN) methods for the enumeratxon of
-iW col;forms, faecal coliforms and E. CO]} are recommended by
fCMSFf(1978) In Europe, MacConkey broth at 35 to 37°C 1s‘
Lused for“enumeratlon of coleorms wh1le brxllxant green
lactose bxle broth as well as tryptone broth are used at
44 C for the detectlon of E. coli bxotype I. In the Unlted
States, presumptzve collforms are enumerated 1n lauryl | -
sulphate tryptose broth at: 35 to 37 C followed by
1noculat10n 1nto EC broth .at 44 5 C. The Canadlan Health
Protect1on Branch recommends the use of. 45.0°C as the
1ncubat10n temperature, wh1ch 1sla comprom1se~Petween'
greater sens1t1v1ty (4¢/h °C) and greater select1v1ty
- (45.5°C) (Welss etal., 1983). . . IR

i

"”ff In hopes of reduc1ng the test procedure to 48‘h or less
researchers have suggested the dzrect 1ncubat10n of MPN |
tubes at: elevated temperatures for test1ng food and water
(Perry and Hajna, 1944"Mossel 1962- Flshbezn et al., 1967
Kamplemacher, Leuss1nk and Van Noorle Jansen, 1976 Warren,ﬂf
‘ Beno1t and Jesse,'1978) These authors .show good: correlat1on
' of results between dzrect 1noculat10n 1nto tubes‘1ncpbated
at 37°C and at 44 to 45 5 C They argue that 1n addltlon to

sav1ng t1me and medxa the number of false . pos1t1ve tuhes is
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\

\ reduced However, these tests have not been accepted as
standard methods. In attempts to decrease testxng time for
E co]f in meats, Ng and Stiles (1978) :found that dxrect

1noculatxon 1nto EC broth 1ncubated at 45 0° C c0uld ‘not be

\

used as a reliable alternatlve to the standard MPN
‘procedure. Therefore, modlflcatlons of MPN and of plating
procedures at elevated temperatures cont:nue to be developed

in attempts to detect and’ conflrm E colf xn rapxd ‘one-step

-

techniques (Anderson. and Bairdeparker, 1975; Klein and Fung,
| N \ .
1976; Andrews et al., 1979; and Feng and Hartman 1982)".

‘ \
2 2 Influence of Phenotype on Relxabxlxty of MPN Tests

" The standard MPN procedure for determlnatlon of E: COII
requlres the ab111ty to ferment lactose w1th productlon oﬁ

gas at 37° C as well as: 44 45 5 C. Several var1ants of E.
Coll have been reported that have temporary or permanent
4

falteratlons in one or both of these phenotypes. Such
Ivarlants can lead to false negatlve 'MPN- results and can have

a 51gn1f1cant effect on the results._

2. 2 1 Lactose Negatxve E. colf

A

The ex1stence of ' lactose negatxve orj slow lactose"
ferment1ng stralns of E. colf has béen’ well documented

;(Hershey and‘Bronfenbrenner, 1936 ergler, 1939 Stuart

1

M1ckle and Borman,'1940) Strazns were 1solated from a

varzety of sources and it was postulated that factors such

f

as ch10r1nation, storage or presence of antagon:st1c
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‘organxsms could account for slow or weak lactose fermenters
‘(Stuart et al,, 1940) It is also well documented that some'
strains of E. coll lose thexr ab;lzty to ferment lactose
during:nermal‘laboratery storage (Kriebel, 1936; Stuan; et
“al.; 1940).'These‘culturesican often regain'tﬁe ability to
ferment‘lactOSe rapidly upon repeated subculture in broth

. . : . \
~ containing lactose (Kriebel, 1936) . "
‘Ewing et‘al‘ (1972) conducted one of the flrst larg?
scale stud1es of 'the blochemxcal reactzons of E. coli. They

"\
characterxzed 1,887 straxns that‘had been isolated from

various environments, including stool specimens, water and
environmental sources. Most of-the'etrains.(91'to 92%) were
actiye'lactose fermentersg hewever; sope'were'delayed‘
"lactqse fermenters'(4 to 5%) and othersiwere.unable to

~ ferment lactoééfunder any‘condition.‘increaaing?the‘

. concentratxon of lactose from 1 to 10% in the growth med1um-'
~can sonetlmes reduce the t1me requzred for late fermentataon
'to appear (Ch1lton and Fulton 1946)’ The exlstence of N
lactose negatlve stralns of. E coll may in part be due to‘

——

‘ enV1ronmental stress.;Kasweck and Fl1ermans (1978) reported
\the emergence of lactbse negatlve var1ants from a lactose
._posxt1ve populat1on when the latter was placed in modzfled

dlfqulOﬂ chambers and submerged in a lake rece1v1ng reactor

i'effluent wat;zg// u' - _va‘/“ o -
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2.2, 2 Anaerogenic (Gas Negatxve) E. COII L . .

'

Ewing et al. (1972) reported that ax of E, col | sttmns |

that they tested were unable to produce gas from glucosew

'However, they did not include the Alkalescens Dispar (A D)

group in these calcUIatxons. The A-D group is now consxdered .

to be an anaerogenAC, lactose negative and non- motlle y

‘bxogroup of E, col . (ereg, 1984b{A In early studxes 1t wasl

reported that the appearance of anaerogenxc varxants from -
gas produclng stralns upon laboratory storage (Stuart et
~al., 1940; Parr, 1936) Some-of th@se straxns could revert

to the gas positxye‘phenotype,upon subculture (ordal and

]

‘Halvorson 1939)'

The effect of temperature on gas product;on is more

1
pronounced than on lactose utlllzatlon Some stralns of E.
| [
col i whlch produce gas at 35° C are unable to do ‘so at

elevated temperatures so that they would .be e11m1nated in

»

.th""faecal“‘collform test. Injury due to stressful

vjenv1ronments can result in- temporary or permanent loss 1n
'gas produc1ng ab1llty Durlng cold storage of E. coli

.Bueschkens and Stlles (1984) 1solated varlants whlch had ,
; permanently lost the1r ablllty to produce gas at 44 5 C

_Varzants were 1solated w1th greater frequency from gsdla of |

P

, —

poor nutrlent compos1t10n or 1ack1ng cryoprotect1ve agents.

Daubner (1975) 1solated varxants that were: unable to produce

"gas .at . temperatures above 43 C\after storage 1n water

(
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2. 2 3 PathogenAc Anaerogenic Strains of £, col/

It As now known that some strains of E colf are human

&f

pathogens that caUSe foodbo:ne gastroenterntxs. E. coli has

té@%o been 1dent1f1ed as a ma jor cause of traveller's
(dxarrhea that is gssoc1ated‘thh food consumed in developing
countries, (Kornacki and Marth, 1982). As a result the
detection of coleorm bacteria in foods has assumed even

*'.greater 1mportanceA
In 1971,,a wldespread outbreak of gastroenterxtls in
‘the Un;ted States was traced to the consumption of importedqd,

soft cheeses contamxnated thh E. Coli (Marier et al.

1973). The predoﬁxnant strain of E COII isolated from this
outbreak was anaerogenlc failing to produce gas in lactose
broth within 48 h. Some isolates,feiled to grow at 45.5°C.
This waé the first confirmed outbreak of foodhorne illness

caused by enteropathogenlc E. COIf in the Uniped States.

A
S1nce this strain was anaerogenxc standarﬁ'fggtzng
o x

procedu;es failed to detect it. The outbreakrgeneratea’
Lk

substantial rinterest in the response of pathogenic E. coli

in standard isolation procedures. o

Hill et al. (1985) reported that 30% of human isolates
of E. colf failed 'to survive the MPN procedure, even’when
added in larée numbers and without competition. In a study o
of 50 pathogen1c and 50 non- pathogenic strains of E coli, )
‘Mehlman and Romero (1982) reported that the percentage of
pathogens and non-pathogens ferment1ng lactose with gas
pr@éﬁéexen at 35 and 44°C was 78 and 90%, respectively. A
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greater proportion of pathogenic strains was anaerogenic. At
35°C all,strains of pathogenic and non-pathogenic E£. col/
grew in the three-tube MPN technique. Corresponding values.

for tests incubated at 44°C were 75 and 87%, and at 45.5°C

N
+

were 31 and 60%, respectively.

Several modifications to procedures for detection of
enteropathogenic strains havé been suggested (Mehlman et
al., 1974; Fantasia et al., 1975). Most of thf@ include at
léast a partial substitution of glucose for lactose and a
reduction in elevated incgbation temperature to 41.5°C. It
is interesting to note that ﬁheﬁgenus Shigella comprises
ﬂighly pathogenic strains which ate typically anaerogenic.
They are considered by some workers as metabolicaliy

Al

inactive biogroups of £, coli (Krieg, 19éZb).
2.3 Influence‘of Competitive Mic}§flora on Reliability of
MPN Tests
The influence of competitive microflora on survival of
foodborne pathogens,‘indgcator organisms and spoilage
microorganisms;has been well documented\and was reviewed by

n

Hurst (1973) ! various stuéies have implicated specific
non—colifpfm genera as being "antagogistic" towards coliform
‘bactgria,'especially E. coli. These‘include species from the
genera Sarcina, Micr'ococcu‘s, Flavobacter furﬁ, Pseudomonas and
Acinetobacter as well‘as somé actinomyceteé (D. Hdtchinson,
R; H. Weaver, and M: Scherage, Abstr. 44th Gen. Meet. Soc.

'Am. Bacteriol. 1943, G34, p.29; Wolford, 1954; Reitler and
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Seligmann, 1957). _

Some strains of the genera Pseudomonas and
Acfngtobacreriisolated from water, could either reduce\or
inﬁure a population of E£. col/ when they are grown together,
‘There was a significént correlation between initial
non-coliform level and. rate of coliform déqline
(LeChevallier and McFeters, 1985). When high leQels of
- competitive flora and coliform bacteria are present(
silmultaneously in the MPN broth, growth or 'gas production
of E. coll andAotheﬁjcoliform organisms can be suppressed as™ *
a result of nutrient competition or the préduction of |
bacFeriocinrlike subst;;ceS'(WOlford, 1954; Levine et al.,
1955: Evans et al., 1981b; Means and Olson, 1981).

: Suspensions‘pf various antagonistic~o;ganisms added to
lactose broth‘simhltaneously wiﬁh serial dilutions of an E.’
col | suspension resulted in .reduced MPN values ranging from
28 to 97% dependiﬁg upon the antagonistic organism
(Hutchinsan etval., Abstr. 44th Gen. Meet. Soc. Am
Bacteriol. 1943, G34, p.29). Large numbers of non-E. coli
coliform bacteria in MacConkéy‘broth'can result in .
inhibition of growth of E;.éoli both at ‘37 and 42°C
(Etinger-Tulczynska, 1958). Similar results were reported by
Levine et al. (1955) in presumﬁtive tests using lactose
broth. éoth situations result in a lower estihatioﬁ.of E;

’

.col | by the MPN technique.
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2.4 Influence of Bacterial Injury on Reliability of MPN
Tests

Reversible bacterial injury can cause increased
sensitivity of cells to selective égents;in growth media
 (Busta and Jezeski, 1963; Stiles and Witter, 1965). Since
the late 1950's there has been ongoing study of the effect
of injury on the detection of many bacteria. Extensive \
‘reviews of the topic have been published (Hurst, 1977; Speck
and Ray, 1977; Mackey, 1984; Mossel and Van Netten, 19q4).
Specific aspects of the practical implications of injured
micrpoFganisms in foéds were considered in the reviews cited
above, and by Busta (1976), Read (1979) and mére recbntiy by
‘Ray (1986). . : _ R N

Most food processes designed to eliminate or retard
bacterial growth have deleterious effects on bacteria that
result in injury to the cells. Apart from heat, disinfeétion
and 1rradlat10n which are 1ntended to kill microorganisms,
other food proce551ng and handllng ;reatments of food;‘such
Jas‘reﬁrlgerated and frozen storage, drylng and freezgzdryxng
ané the addi;ibn of preservatives and acidulants, that are

r

not intended to klll can éause cellular injury The primary
focus qn thls study is the 1n3uty of . enter1c indicator :
bacterxa caused by refrlgerated storage.

In a review ofvthe lethal and.sublethal effétﬁé of
refrigeration op'microorgénisms‘Mackey‘(1984) citgﬁ'Sherman
and Albus (1923) as the‘firs£ to describe the‘bhehomenon of

"cold (shock™ in E. coli. The phenoménon'involves ioss'pf
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A
Iy

viability both immediately and during subsgquent holding at
the cold témperature. Several féctor% af fect injury of cell
which undergo cold ShOCﬁT’ﬁE;/mOSt igportant factor is rapi
cooling tnrough Ene temperature zone in which the mémbrane
lib;ds undergo phase transition from liguid crystalline to
;el states. Slow cooling}alléws an‘ordéred-separgtion of
lipids and protéiné in the cytoplésmic.membrane, whereas |
rapid cooling causes lipids and proteins to become fixed in
a pandom way.sThis results in a leaky cellular mémbrane..
Damage to DNA and ribosomes may also occur ﬁhicn can affect
- the production ;; enz;mes required for growth'and
maintenance oé the cells (Mossel and Van Netten, ' 1984). Somg,
" workers have suggested thé@?cnromosomal damage could
decrea§§ the genetic stabilityAéf the cells (Busta, 1976).

~ Cells which do not show immediate effects of chilling,
for example, stationary phasé 9r\$iow;y cooled log phase
télls,‘méy die dufing‘prolonged‘storage;below their minimum
growth temperature. This phenomenon is prnnonntea in water
and dilute solutions (ngké;‘pbckiné'énd McFeterg; 1980). In
vacuum packaged meats stored at J.7°C‘a'slow degrease in
viabilitf‘nf pathogenié bacteria was observed over 28 days.
’v.of ntogpge, the:most rapid decrease intViability-occnrred
during the first week of storage (Kénnedy, Oblinger and
West, 1980). | | |
| Cold temperature stress of E. coli.and its efféct on
‘enumera;ionvnas.been s$udied“e3tensiVely for iﬁs‘implic—f»'

AY

ations in water microbiology (Bissonette et‘él.,'1975r

-
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~ Daubner, 1975; McFeters, Cameron}and LeChevallier 1982°

Rhodes, Anderson and Kator; 1983) . Other workers have

N

studied the effects of typlcal food processxng treatments on

" E..coli such as ‘heat (Roth, Strles and C,legg, 1973) freezmg

(Ray'and Speck, 1973) exposure to chlorxne and sodjium
chlorlde (Maxcy, 1970) as well as the effects of cold’
temperature storage (Jackson,‘j974; Patterson andeackson;
1979), The principal manifestatfon of injury in E. colf
cells is increased sensitivity of stressed cells»tov
sefective agents, such as bile salts (sodium desoxycholate)
(McFeters et al., 1982). Injured organisms.are also more
fastidious. in their nutritional requirements (Straka and

Stokes, 1959; Postgate and Hunter, 1963), more sensitive~to

~a variety of selective agents other than bile salts (Mossel

-and Van Netten, 1984) and more sensitive to incubation

temperatures‘above 42°C (Allen, PasleyVand Pierce, 1952;
Rowley et af., 1979). \ | |
| The effects of all types of stress are most pronounced

for cells in the exponent1al growth phase (Sherman and

:'Albus, 1923; Meynell, 195&,.Patterson and Jackson, 1979;d‘

Mackey,fDerrick anthhomas, 1980)’but this can vary,betWeen

.organlsms and w1th treatment (Mackey, 1984)” Gram negative

‘bacterla are more sen51t1ve ‘to env1ronmental stress than

gram- posztlve bacter1a. In general 1njured bacterla are

unable to grow under many condltlonslthat allow the growth7

*

‘of unlnjured cells. This is partlcularly 51gn1f1cant for: the

fmonltorlng of the san1tary quallty of food products and 1t

/
.
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' can result in the incorrect assessment of‘food safety, by
”under—estimating population levels of indicator or
“pathogenic microorganisms. |

Modifications to enumeration techniQues have been‘\
proposed.that‘should enable injured. bacteria to be.detected‘!

in foods and other' envlronments (Speck and Ray, 1977;

Hartman, 1979; Andrews,-1986) Successful nesuscxtatxon of

injured cells has been achieved by "liguid- repalr or |
solxd~repa1r"‘gechn1ques (Ray, 1979). "quu1d repaxr"

usually involves 1nocu1at10n into a non- selectlve nutrlent—
r1ch ‘medium and incubat1on at 25 to 35 C for varying lengths

" of t1me before enumeration by’ selectlve platxng or MPN

technlques (Ray,and Speck, 1973 Warseck 'Ray "and Speck,

‘1973° Ray, 1979). Tbis can cause. erroneous:results‘due to

mult1p11cat1on of un1njured or repalred cells. (Mackey et

.m~al,, 1980) . Problems caused by cell multlpllcatlon can be"

'

' avoxded 1n the MPM technlque by)u51ng a -non- selectlve MPN’_‘
broth followed‘by the add1tlon of select1ve agents after‘a

4

su1table perlod of 1ncubatlon for repalr of 1n3ured cells

Loy,
L

(Lanz and Hartman, 1976) .'}' :“' : ] J::ij,“';
"Solld repaxr 1nvolves 1noculatlon onto a‘non— S
~;select1ve solld medlum and 1ncubat1on at" 25 to 35 C for
vary1ng lengths of time. befoée overlayer1ng w1th select1veA
media (Hartman, Hartman and Lanz, 1975 Speck Ray and Read
1975 Ray and Speck 1973) or before transfer to.a select1vei
med1um on membrane f1lters (Holbrook and Anderson, 1982)

Thxs type of resusc1tatxon is- preferred because the problems '
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associated with cell multxpllcatxon are avoidea. Sznce -

: 1n3ured populatlons are usually heterogenous, they may
require 1 to 6 hours to recover from sublethal 1njury (Ray,
1979; Mackey et al., 1980) Most recuscxtatxon procedures
1nvolve alto?2 hour recovery per1od whxch is usually
suff1c1ent for most cells to resusc1tate. It is’ not known
whether 1njury _caused by refrlgerated storage of meats is
suff1c1ent to yarrant‘a resusc1tat1on,procedure (Mackey,
1984). - | ‘

Although most 1n3ured populatxons reqnlre a nutrltlon—*'
ally complex medlum in order .to grow Several reports have
1nd1cated that some cold stressed cells recover better on’

1o

m1n1mal medla (Tang and Jackson 1979 Mackey and Derrlck
1986) Mackey and Derrlck (1986) showed that this phenomenon
was ‘due to 1ncreased cell sen51t1v1ty to very low e '
(m1cromolar) levels of hydrogen perox1de found naturally‘ln
f autoclaved complex medla ‘but not 1n m1n1mal med1a. The
”51gn1f1cance of thls observatlon for resusc1tat1on'
'procedures for 1njured cells in foods 1s ‘not known.”;
Studles on’ pure cultures of E COII that have not
'undergone sublethal stress 1nd1cate that the add1tlon of
‘vmore than one’ selectlve agent can have a str1k1ng effect on: fﬁ?
Avthe organlsm s ablllty to grOw and produce gas (Meadows,lniﬁ'
f‘Anderson and Patel $1980) % Sklnner and N]oko Ob1 (1958)
v”1llustrated thatfthe effect of e1ther bor1c ac1d or elevated

Ftemperature (43 C) alone d1d not have a- 51gn1f1cant effect

‘Jon,the~growth-of,E. colf However the comb1nat1on of bor1c



uninjured cells (Read, 1979).

AR

acid and elevated temperature was 1nh1b1tory

A
\

Injured (or stressed) pathogenxc and 1nd1cator orga~
nisms have sxgnxflcant 1mp11cat10ns in food mxcroblology
Ingured ¢ells are capable of recoverlng their full
v1ab111ty, and organxsms whxch can cause foodborne illness
are able to repaxr and regain v1rulence and toxin productlon‘
when returned to a su1table gqrowth env;ronment (Colllns~"

4

Thompson Hurst and Kruse, 1973° ‘Mossel and Van Netten

1 1984). Some foods constxtute an’ excellent medium for repalr

\ of 1nJured cells given the proper growth temperaturest It is

considered that standard techniques for detection of
pathogens and indicator organisms in foods should‘include a

resuscitation step so that they detect both injured and

' ! <+ [

‘§:

2. 5 Int}uence of Plasmzds on Rellab111ty of MPN Tests

Plasmlds are extrachromosomal DNA elements that are

‘capable of replicatlng autonomously. They can dlrectly 5

laffect the phenotype of the host bacterlum by carryxng genes

med1at1ng tra1ts such as ant1blot1c res1stance, bacterlocln
productxon, v1ru1ence factors and var1ous catabollc

funct1ons. Many plasmids also carry genes that encode for

_ the1r transmlsszblllty to. other stralns and spec1es (L1n,

Goldsteln and Syvanen, 1984) The transfer of genetlc

f'materlal between straxns of E coli and other Enterobacter- o

' ;Iaceae has been s1gn1f1cant in the spread of ant1b10t1c

res1stant stralns in’ the env1ronment espec1a11y w1th the
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use.ofgsuhtKErapeutic antibiotic feedlng'pf animals (Novlck,
981). ] | 3 |

“ 'Atypxcal' characterzstlcs demonstrated 1n some Entero—
bacteriaceae can be’ lxnked to the the presence of a plasmxd
_Antlbzotxc resxstant straxns are more llkely to demonstrate
these‘atxpacal phenotypes (WOlln Bev1s ‘and Thomas, 1962)
Hillvet‘ai. (1985). reported that E coli 1solates from
.ground meats are more llkely to be resistant to antlblotxcs
than isolates. from other foods. Uncharacterlstlc stra1ns ‘of
E: coli have been described Wthh produce hydrogen sulfade
‘(Layne et al . 1971) produce urease’ (Wachsmuth Davis and
1Allen, 1979) or utlllze citrate as a sole‘carbon source ,‘
(Wolin ef al., 1962). Non*coliform EntehObactenfaCeae such
as~$almonélfa sSpp. -and Prbteué spp; have been‘isOlated'vhich-
carry lac plasmlds, enabllng them to ferment lactose_
(LeClerc et al 1977; Krleg, 1984b) Plasmlds wh1ch alter
the phenotype of an organism make 1t d1ff1cult to 1nterpret

"

data and can lead to both false pos1t1ve or false negatlve

le

results.“‘ . o
Plasmlds may also play a s1gn1£1cant role 1n,the
detect1on of pathogenlc stra1ns of -E. coll. Several
d1fferent forms of enteropathogenlc E. coll have been

"reported most of wh1ch have plasmld encoded v1ru1ence

'factors 1nvolved in the1r pathogene51s (Lev1ne and Edelman,

'1

. 1984) . In general enteropathogenlc stra1ns carry a greater‘

plasm1d complement than non pathogenxc stra1ns (Mehlman and

Vo

* Romero, 1982) . ThlS can affect the detectlon of a pathogenlc
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straxn b&gause cells with greater amounts of total plasmxd

LA A '

deNA may have longer generatxon tlmes (Nordstrom‘et al

19775 Z\md and Lebek, 1980 Hill e1: al,,‘ 1985) Therefore

,‘dur1ng enrxchment in broth culture, pathogens would be

| overgrown by non- pathogen1c stra1ns.

Hlll and; Carllsle (4981) demonstrated that detergents

Al

‘7such as lauryl sulphate and the hlgh temperatures used 1n

the standard MPN procedure (LST broth At 37°C followed by EC

‘~broth‘at 44.5‘C) could”result ‘in the loss of plasmxds. Hill

et al. (1985)’showed that, after the MPN prooedure, plasm:d y

plosses from human 1solates occurred in 20 to 95% of the

) populatxon, depend;ng upon the strain tested. These authors

,est1mated that for a 90 to 95% probabxllty of recoverlng a’

pathogen1c strain of E colf durlng rout1ne test;ng, 40 to

ﬂ50 colon1es should be character1zed per food sample.f
,procedure 1n wh1ch plasmlds are lost decreases the

;‘;probab111ty of recover1ng pathogenxc stra1ns.vAlthough

‘,Spec1f1c levels of enteropathogen1c stralns in, food are ‘not

"normally determlned Sack et al (1977) observed that

‘of E coll 1solated from food

L

' enterotongenlc stralns may make up 8% of the total stralns

A

’

,2 6 Plasmzd Pro£11es as a Tool in Stra1n Ident1£1cat10n

W1ld-type bacter:a carry plasmlds wh1ch d1ffer in 51ze;

. and number. The component plasmlds'of a bacterlal stra1n can

" be demonstrated us1ng agarose gel electrophore51s (Meyers et»

«alu,v1976) Th1s can proylde a fa1rTy re11able est1mate of

e



o
B}
)

plasmxd molecular welght (Meyers et al,, 1976-'Rochelle et Ad
al./ 1985) Therefore, it is possxble to dlfferentxate tvo

otherwise 1dent1cal stralns by determxnxng\thexr plasmzd

»‘complement Plasmid. profxllng has' been used\successfully as“‘

. ¢

an epldemlologlcal marker ‘in nosocomial xnfectxons (McGowan

el

et a]., 1979) and ;n an outbreak of salmonellosxs (Brunner

3

[

| et al. 1983) ‘where standard procedures such as bxotyplng

‘ and ant1b10t1c reszstance patterns were unsuqcessful for

i .
i P

strain dlfferentlat1on. It has also been suggested as a

means of strain 1dent1f1cat10n for lact1Castreptococc1 used

in cheeSe starters (Davles, Underwood and Gasson L&Ql)

Plasm1ds of*the same molecular 51ze can be further

.
PR

‘characterxzed'by us1ng restrlctlon endonuclease analysxs

.(Farrar 1983) Restr1ct1on endonucleases are enaymes whlch
h:cleave DNA at spec1f1c recognltlon 51tes to generate af

) series of DNA fragments (L1n et al., ﬂ984) The number ‘and
size of the fragments are characterlstlc of that ;ﬂ‘kmld
(‘Bezanson et aivr(1985) used gel electrophores1s and

'restrlctlon endonuclease ana1y51sc1n the study of a

,___

‘.mult1prov1n1cal outbreak of salmone11051s. They were able to

. establlsh cheese as the sourte of the outbreak and that the

‘outbreak was. caused by two dlstlnct but related bacterra

N '

2 7 Product1on of. Energy by Enterobactenlaceae

Bacter1a generate enetgy for cell growth and

'

'malntenance 1n the form of energy rxch phosphate bonds of

ATP Enterobacteniaceae produce ATP by two mechan1sms.:"

- L . )
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"substrate level and o&%datxve phosphorylatxon. Substrate.

".',144> S \

.c0mponent is capable of reduc1ng the next COmponent 1n the

‘at spec1£1c entry ports results in- the generat1on of energy

A
Cy
v

[

level phosphorylat1on ;nvolves the formatlon of ATP from ADP

by transfer of a hlgh energy phosphate group from an

' 1ntermed1ate of a: metabollc pathway In oxldatlve S

| t

’phosphorylatxon or respxratmon format;on of ATP is, coupled

i

to the onxdat1on of varzous metabolltes v1a the electron

‘transport chaxn. The generat1on of energy 1n this way is L

VVbased upon]the chemlosmotnc theory proposed by Mltchell

.

(1961) (c1ted by Ingraham Maaloe and Ne1dhardt 1983 ;l

3
n \ [

' . .
i

Electron transport complexes are located in the

v

"cytoplasmlc membrane 1n such a way that each succeedlng

\
' T A

‘”chaxn The overall effect is: that hydrogen ions are pumped

‘

out of the cell creatxng a proton motlve force. Br1ng1ng

the hydrogem 1ons back 1nto the cell through ATPases located

J(Ingledew and Poole, 1984) Under aerob1c cond1t10ns the T'

termxnal electron acceptor is: oxygen. Anaeroblc re%plratlon

» \
occurs when an alternate termlnal electron acceptor 1s used

Ca B

f A varxety of compounds such as n1trate,fsulphate or fumarate

.

N

"can serve as alternate electron acceptors. They are less
gpowerful than oxygen ‘as ox1d1z1ng agents, therefore, less .
‘ ATP 1s generated for each\electron that pa%fes through the_‘

~cha1n. ‘ ‘.‘vf v,ﬁ S o o t - ﬂ\:;

a [
)

A facultatlve anaerobe can grow ‘in the presence or’

o‘,

- L"‘." o
‘absence of oxygen by alterlng 1ts method of generatlng ATP ‘

-‘".::-‘ o : . . .



This allows aerobes that are capable of n;trate reductlon to

grow anaerobxcally, e.g. Pseudomonas spp. (Blazevxc‘and
| Ederer, 1975) All Enterobactenlaceae except some straxns of
j Erwlnia and. Yepéinfa and certaxn blotypes of Enterobacten ‘
' agg]omeﬁans are capable of reduclng nxtrate ereg, 1984b
va; 409 MacFaddxn,‘ 980, p. 441) Thzs 1s\an advantage sxnce
the reducxng potentlal of ‘nitrate. xs relatlvely hxgh Almost
' the same amount ,of energy is generated when nxtrate is used
‘1nstead of’ oxygen as the termlnal electron acceptor
‘(Ingledew and Poole ‘1984). y ‘

} .. o SN
2 8 Fermentatlon of Glucose by Enteﬁobacterfaceae

[

. By deﬁlnltlon all EnteﬁobactePfaceae ferment glucose._“

‘Many other carbohydrates and related compOunds are also |

‘fermented w1th the productlon of ac1d and often gas (Krlegm

‘ ‘1984b) EnteFObaCtePlaceae are categorlzed by thexr

b1ochem1ca1 act1v1ty patterns Sugars are fermented to"

pyruvate u51ng the Embden Meyerhof (glycolytlc) pathway. ‘l\.*

4 L

‘,leferences occur in the enzymes produced for metabollsm of
;pyruvate. 'In general two pathways of pyruvate metabol1sm
“ex1st in members of the famlly Enterobacterlaceae. (1) the

'_.butaned1ol fermentat1on, characterlzed by productlon of a

' i

large amount of onpolar butaned1ol and neutral ethanol w1th

-

i llttle or no productlon of ac1ds, and (11) thﬁ m1xed ac1d

fermentatlon, character1zed by the productzon of a large

amount of ac1d as end product E. coll ferments pyruvate

“mu51ng the mlxed ac1d fermentatlon to produce lactate,“«~¢-77

.- “\" . B N A . . C '
,’ LA L ‘

O



'translécatlon of ﬂ galactoside (Andrews and Lin, 1976). The

[

succipnate, acetate, formate and ethanol in signifigant
1

, amounts, which causes a rapid decrease in pH of unbuffered

-

media (MacFaddin,. 1980).

The methyl red test ("M" of the IMViC tests) identifies

,those organisms capable of producing large quantxtxes of

acxd A positive test {is usually xndxcatxve of a mixed acxd
fermentation. The Voges-Proskauer test ("V" of the IMViC
tests) is based.on the detection of acetoin, a precursor of
éﬁtanedrol. Klebsje#la and Enterooacter species are
generally V-P positive, while £, col i is negatiue
(MacFaddin, 1980).

-

2.9 Fermentation of Lactose by £. coli ‘ RERSE

.
Mo

Fermentation of lactose by E colj .is controlled hy the“

’- )

well character;zed lactose (lac) operon. The operon is o8

1nduc1ble so that the gene products are only produced 13@the

presence of a recognized. substrate, in this case lactose 3r

B—galactosxde analogues The facI gene represses transcrip-
txon of the .operon in the absence. of a substrate. In the

(\
preSence of substrate, .the repressor is 1nact1veted and the

operon is expressed. Two gene products are’ respons1ble for

t

the tﬁ&nspcrtat1on and hydrolyszs of lactose 1ntf 1ts

component sugars. The. IacY gene codes for a B- galact051de

permease which catalyzes the transport of lactose‘and other

B-galactosﬁdes across the“cell'nenbrane. A single membrane
. J

prote1n.(M protexn) is responsible ﬁor the recognition and

| T

A
&
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permease requires energy in the form of a pH or electfical
gradient, such as that created by the electrOﬁ éransport‘
chain. Under growth conditions, where abundant §upplies of
energy are available, the binding site of the M protein has
a high affinity for the substrate on the outside of the
cell, and a low affinity on the inside 6f the cell ;(Andrews
and Lin, 1976). The JacZ gene encodes for the enzfme
B-galactosidase, which hydrolyzes lactose into its two
component sugars, glucose and galéctose, which can then be
metabolized via the glycolytic pathway.

Late or slow lactose fermenters lack a funétiOnal
‘ﬁjgalactoside permease, yet they produce p-galactosidase.
Lactoge non-fermenters are devoid of both the permease and
B~galactosidase enzymes and therefore lactose cannot enter
‘the cell nor can it be degraded. Slow_léctoSe fermenters
eventually break down lactose over a long period of time (48
h, several days or weeks). It is thought that as the
population‘multiplies, a certain number of mutants carry}Ag
a functional permease grow ana‘that this results in late,
but visible, lactose fermentation (Lo&é; 1962).

There may be a physiological basiérégr the ability of
faeca¥\ggii£2%b organisms to fermgnt lactose at elevated
tempé?atures, while non-faecal coliforms do not;.pockins and
McFeters (1978) repofted that at elevated temperature
_non-faecal coliform baéteria expefience a reduction in cell

membrane function and glucose uptake and a decrease in

B4galactosidase activity. The B-galactosidase of non-faecal
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. coliform bacteria. also has a lower thermal inactivation
temperature, which would impair the growth and metabolism of

[

these organisms at elevated temperatures. __ ___

o

2.10 Utilization of Formate by £,~-co]/
__.Once E. col| has metabolized a cérbohydrate to an acid
end product, it‘éan create more energy and increase the pH
6f the growth medium by utilizing one of several electron
transport chains. In particular, formate can be okidized to
carbon dioxide and water by one of three electron traﬁsbort
systems‘involving the enzyme fobmape'dehydrogenase. Under
aer9bic conditions, oxygen is the terminal‘eléctron‘acceptorl
which results in the conversion of formate to carbon dioxide
and water. l
Under anaerobic coﬁdftions, E. coli metabolizes formate
by one of two pathways. In the presence of hitrate, a system
is induced which combines formgfe dehydrogenase with nitrate;
reductase. Formate is oxidized to carbon dibﬁide and water,
while nit:afe is redﬁced to nitrite. fhis electron transport
syétem enables E. col i tO\groonn'a vériefy of non-ferménf—
able substrates, such‘as D-lactate as a gole.source of
" carbon (Haddock and jones, 1877). fn@the absence of nitrate
and at pH levels of 6 or less, membrane bound
formate-hydrogeniyase is ptédhced which co;;ists of formate
dehydrogenase, hydrogenase and intermgdiate c;rriers,

resuiting in the oxidation of formate to equal volumes of

carbon dioxide and hydrogen (Gest and Peck, 1955; Davis et

‘.



al., 1973). . ,

\ All indicator tests which reiy on gas production from
the fgrmentation of lactose or other sugars depend on thé
preseﬁce of a functional tormate~hydfégenlyase system. The
temperature maxlma for activity, and eSpeb&\\}y for cellular
productxon of formate-~ hydrogenlyase is much lower in
non*faeéal.collform bacterla than in faecql coliform
bacteria \(Wolf, Stickland énd Gordon, 1954; Quist and
Stokes, 1969). This is thougﬁt to be an‘explanagion for‘the
anaerogenic ngfure of pon-faecal coiiform bacteria in
elevated teﬁperature MPN tests. The actiVily of

\
fogmate hydrogenlyase is often reduced and sometxmes
entirely supressed under environmental condlt ﬂrs that do

not favour the  survival of coliform bacterxa 1 ‘water

(Leclerc et al.k 1977).

variant strains of E. coli obtained under adQErse
storage condi;ioms; that were anaerog;nlc at elé;ated
temperatures, were considered to have decreased formate
dehydrogenése acti%igy or a'gemperature sensifive formate-
hydrogenlyasé,syste (Daubner, 1975; Bueschkens and Stiles,
1984). Aithough ﬁole\ulat oxygen'represses the formation of
both.fofmate—hydrogen yase and nitrate réductase electgon
transport chaihs, the reverse does not ;ppiy under anaerobic
cénditions. Oxygen-dependent cytb#hrome oxidation;‘proton
tfanslécation aﬁd transp rt can all'be demonstratea in
| fénaerébically grbwh cells, (Gray et al., 1966; ﬂaddoék ané

Jones, 1977).



Opinions‘difrer about the occurrence of a Single
formate‘dehydrogenase.in all three of'these systems, or
wnether each system involves an unique formate dehydrogen-
ase. The ‘evidence so far is 1nconclusxve In general,

'hydrogenlyase act1v1ty correlates with benzyl viologen
reductase, while the formate oxidase system utilizes
,phenazxne methosulphate (PMS) or methylene blue as i
artificial electron acceptors in preference to benzyl
vxologen (Peck and Gest, 1957; Cox, Edwards and DeMoss,v
1981). Some' workers believe, however, that thls dlfference
'is due to the presence or absence o} a hydrogenase rather
than the product1on‘of-a distinct formate dehydrogenase
(Ingledew and Poole, 1984). | |

Formate dehydrogenase and nitrate reductase are both

nolybdenum containing iron~sulphur proteins, Focated in ‘the
‘cytoplasmlc membrane of E. coll. Formate dehydrogenase also
requxres selenlum in order to be funct1onal Formate
dehydrogenase has been purified and characterlzed and’it -
appears to consist of three .peptide subunits, A, B, and C..
Selenium is assoc1ated with subun1t A. The funct1onal'enzyme'
also requires a cytochrome (Ingledew and Poole, 1984) \

‘ Cytochromes are heme prote%ns and each has a characterlstlc'
absorpt1on band in the reduced state. F1ve classes of
mutants have been isolated which are spec1f1ca11y def1cient_

in formate dehydrogenase act1v1ty, and are known as fdhA -

fdhE (Ingledew and Poole, 1984) .

a4
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A

| The nltrate reductase of E. COII is composed of three
subunxts. «, B, and 7. The a subunit is thought to contaxn
the catalytxc site, while the B subunlt is responsxble for
-attachment to the membrane. The 7 subunlt is presumed to be
equlvalent to cytrochrome b (Haddock and Jones, 1977). This "
cytochrome is distinguishable'from the other thochromes,

produced by E. colf and is referred to as cytrochrome bNR_
) : .
' \

t
A

Z.ii Fo¥mate,Dehydrogenase DefectiVe xutanis.of E. col'l.
hutants defective in the tormate dehydrogenase and/or
nitrate reductase‘éYstem have been selected by several
techniques (Venables and Cuest, 1968; Glaser and DeMoss,
1572; Mandrand-Berthelot, Wee and.Haddock, 1978 Rniz—
Herrera, Showe and DeMoss, 1969)5 The technique most
commonl§ Jeed.for the the seleotion of chlorate resistant.
mutants (chl) was first described by.Piéchaud'ét al. (1965).
The principle behind”this technique is simple;jwild;type ‘
etrains‘of,E; coli are sensitive to chlorate under anaerobic
‘conditions,'becahse a fnnctionai nitrate reductase .system
reduces chlorate to chlorite whlch is tox1c to the cells.
Therefore, only cells which .lack a functlonal n1trate
reductase are able to grow anaeroblcally in the.presenee of
chlorate. This has oenerated COnsiderable‘interest because ;
of the ease with which a variety of mﬁtants can be isolated
The mutants have proven ideal for the study and character1—:
o

zat1on of the factors regulatlng the b10chem1stry and

genetlcs of anaerob1c electron transport systems (G1bson and
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‘ Coa; A973) ‘ H

For the 1solatxondbf mutants, cells are’ usually treated
with n1trosoguan1d1ne before be1ng plated nto chlorate
agar. Exght dxfferent mutants (chIA - chlé( chlI) have been .
1solated They map at 4 dlstznct regions of the chromosome -
(F1gure 2. 1° Bachmann and Low, 1980). A dlagram of the genes
and their proposed gene products is glven in Fzgure 2.2,
Five of these mutants (ChlA ChIB chID chIE and chlG) are
:plexotroplc for n1trate reductase and formate dehydrogenase.w
- They are, in one way or another, respon51ble for synthes1s
processing and insertion of the molybdenum cofactor 1nto4the"
formate dehydrogenase and n1trate reductase enzymes.
Concom1tant expre551on of at least 3 genes (ChIA ChIB and
‘cth) is required for transport and 1ncorporat1on of
molybdenum into formate dehydrogenase and nltrate reductase.‘
Haddock and Jones (1977) suggested that the genetlc and
blochemlcal makeup .of the anaeroblc electron transport
dsystems may be far more. complex than is now belleved They

c1ted data wh1ch suggest that chIA chIB and chIE may in

fact be subd1v1ded 1nto 2, 3 and 2 complementatlon groups
lrespectlvely. | | '

Casse (1970) stated that the frequency of spontaneous
‘chl mutat1ons is 10-° to 10“, and that the majorzty of |
- these mutat1ons (99%) results in the loss of both nitrate
‘-reductase and formate hydrogenlyase act1v1t1es. Only 1% are

‘non- plelotroplc, i.e. spec1f1c in the loss of nltrate

'reductase, and‘they*map in the cth'reglon..Among the other -



chl G

—chl F

" ¢hiC
chil

'Fiéure 2.1, Gene map of E coli chromosome showxng d:fferent o
locat1ons of . determinants for chlorate (Chl) resxstance.

'(Numbers 1nd1cate the map pos1tzon of - the markers in
~ minutes; gal = galactose leu = leuc1ne _met = meth1on1ne,
. thr = ‘threonine, trp = tryptophan) : Lo

Taken from Glaser and DeMoss (1972) ahd-updated from :
Bachmann and Low (1980) coe e
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7 .
P*l\ . : \

a,B
sub-units

apo-formate

dehydrogenase

D, - lactate
dehydrogenase

EEETE SRR - ; |a ‘ 8
Mo:Se;Fe/S- | cyt.b . UQorMQ |Y CY‘ bsss ~ Mo:Fe/S
formate dehydrogenase " nitrate reductase "
il ‘

SRR I )

. ' . , * )
Fzgure 2. 2 Genes and their proposed products responsxble
for formate-dependent nxtrate reductase act1v1ty in '

‘a anaerobxcally grown E colf

-Abbtevxat1ons- cyt = cytochrome- MQ menaquinone- UB =
ub1qu1none, X = cofactor;. F(A) = assoc1atxon factor.

Taken from Begg, Whyte and Haddock (1977) and updated from
.Bachmann ‘and Low (1980) — » - ‘



99% of the mutants 93% mapvxn the gal regxon and they are
ChIA Cth or chiE mutants, only 6% map }n\the met reglon
for chlB{mutants. The dlstrlbutzon of'mutants is strongly

influenced by the method of selectxon Glaser and DeMoss

(1972) showed that: chlorate res1stance selects for more

c
i

<severe alterations in nxtrate reductase than other.
techniques. Approximately 98% of the mutants‘that‘they

1solated by th1s method'were pIElOtrOplC for nxtrate

[y

reductase and formate dehydrogenase. However, when mutants

n

were selected for 1nab111ty to link n1trate reductmon to

\

formate oxidation 48% ‘of the 1solates were of the chlC

\

| class ‘and 2 new . classes of mutants were 1dent1f1ed ChIF

and chiG. . : ‘ A R o o o

To reduce confus1on in the 1dent1f1catnon and

)

character1zat10n of Chl mutants, Begg, Whyte,'and Haddock
(1977) descr1bed a simpile and rap1d cla551f1catxon scheme”
ut11121ng two 1nd1cator plates wh1ch d1v1des mutants "into
. those whlch (a)’ lack formate dehydrogenase act1v1ty;‘(b)
lack D-lactate dependent n1trate reductase actlv;ty, or (c)

plelotrop1cally lack both act1v1t1es. Table 2 1 shows the
' N
formate dehydrogenase and n1trate reductase act1v1t1es of

(
1

various chloraqesre51stan§‘mutants.

. -

'2 J2 The Requlrement for Molybdate and Selen1te in

ey

: Funct1ona1 Anaeroblc Electron Transport Systems

All molybdoenzymes except n1trogenase, share a common

cofactor (Johnson, 1980). Pinsent (1959) was:the f1rstvtp
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Table 2.1. Formate dehydrogenase and nitrate reductase
act1v1t1es of varxous chlorate ré€sistant (chl) mutants. '

38

‘#? o .
Formate & ‘ ‘ Nitrate
. dehydrogenase reductase ..
Mutant actxv;ty o - .activity
chlA ‘ | ~ -
chig . - B
‘chic - o + o . -
chiD o ~(9) Ok
LchiE .+ L -
chlG c o4 B R .;

chiI B

-1 under high molybdate goncentrations (10"‘ M), "chlD mutants v

. show phenotyplc festoration’ of both enzyme activities.

‘Taken from Begg, Whyte and Haddock (1977).

.



.electron transport cha1ns.

.39

report”that in addition to iron, both molybdate and

, selenite are requxred durlng growth)of the organxsm for

!

'productxon of a functxonal formate dehydrogenase. Max;mum

‘ stlmulatzon was obtaxned with selenxtefconcentratlons of 3 X

10-8 to 1 x 10°7 M and a molybdate concentration of

~approximately 1 x 10-8 M. She also‘demonstrated that in

media:containinglnitrate, tungstate competitiVely

- antagonizes the‘effect of added moledate, but it has no

effect on growth‘in<nitratecfree media.

phenotyplc restoratxon of both formate dehydrogenase and
! {
hltrate reductase to wild- type levels was posszble by

_addltxon of 10 -4y molybdate to the growth medlum.'It has

been speculated that the Cth gene product is elther
1nvolved 1n molybdenum transport or that 1t is- requ1red for

ensurlng that molybdenum 1s in the form necessary for. both
‘ y

Lester and DeMoss (1971) observed‘that selen1te and

J !

‘,molybdate are not requ1red for an actlve formate ox1dase,~"

]

; but they are essentlal for productlon of functlonal formate—

»

"Mnltrate reductase in 51mple, deflned medla.,Actlve nztrate

B3

medlum, however Glordano, Haddock and Boxer (1980) 1nd1cated
that 1ntrace1 ular molybdenum is more 1mportant for

product1on and stab1l1ty of a funct1ona1 formate

¢

dehydrogenase than 1t 1s foﬁ funct1ona1 n1trate reductase. '

In theupresencehofvtungstate

Glaser and DeMoss (1971) showed ‘that. for ch]D mutants,v

r in the‘absence-of molybdate

S

.,reductase only requ1res the add1t1on of molybdenum to the,"
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théy‘démdmétfaned high levels‘Of‘inacﬁivé'demol}bdd~nitraté’
:eductase 1n both wxld type and chiD mutants. ‘However, in

"the’ absence of molybdenum chlD mutants do not produce
- .
formate dehydrogenase. It is 1nterest1ng to note that of 100

‘.
o

"Alkalescens Dispar bacteria studxed by Ewlng et al. (1972),
100 (100%) were negatxve for reduction of nltrate to:

nxtrxte. It could be speculated thac these organlsms were,

” A\l

'1n fact Ch] mutants.‘ ‘ : ’ IR
o e
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' 3. METHODS AND MATERIALS * . ° .

‘ T‘ ' . ‘:" ‘ ’ | v
3.1 Bacter1a1 Cultures I

The enter;c cultures uSed 1n thlS study were obtalned
‘exther from the Amerlcan Type Culture Collectaon (ATCC)
Escherichla COI/ ATCC 117753 ‘or. from a prevxous study on'
; meat (Stlles and Ng,‘1980) E COII #1840 and Klebsiella ]
pneumoniae #2 \A\l cultures are faecal collforms, that is,
they ferment lactose to produce aczd and gas at elevated
temperatures (4450—45.5 C); the E. coli cultures also ) |
.produce indole from tryptqphan at elevated incubation‘

temperatures. .

|
L)

Plasmid marker stralns conta1n1ng single plasmlds of

' known molecular welght 1nclud1ng E: col i stralns DT433 (60
Mdal) DT77 (38 Mdal) DT369 (23 Mdal) and DT37O (5 5 Mdal))
were. klndly donated by Dr. D "E. Taylor Department,of S
Medzcal Mlcroblology and Infectlous'Dlseases;‘Unlversity of
Alberta. I‘,I JH ". ‘;r | ‘

Lact1c acid bacterla used 1n thlS study were 1solated
: from 1rrad1ated vacuum packaged meat samples plated onto Qlw
MRS agar adjusted to pH 5.6 (de Man, Rogosa and Sharpe,z

'1960) and 1ncubated at 20 Cﬂ All cultures were gram. pos1t1ve

coccus shaped bacterla that grew 1n pa1rs, chalns or

'clusters'and were catalase and benzzd1ne negat1ve.



3.2 Media Preparation
1

. Broth and’agar &edia used in this study are listed in
Table 3.1. Media'were prepared using manufacturers'

directions or by.following the directions given in the

“reference cited. pH adjuétmenE of MRS and Rogosa SL agar

‘&RA) was done with lactic acfd (85%). The pH of other media

was adjusted with 0.1 or' 1.0N NaOH or HCl.

A

1

Y

3.3 Maintenance‘of Stock Cultures
'Entep}q cultures were maintained on tryptic soy agar
YTSA) élants and ‘stored at 4°C. New.stock cultures were
prepared monthly by growing two ovérnightlsubcultures in
tfyptigé§e soy broth (TSB) at 35°C, before stréékingﬁthe
culgufé énto‘TSA plates. An igolated colony was seiecte&k
from-the TSA plate and inoculated onto a fresh TSA slant.
The!bioéhem%cai charactéristics of the cultures were checked

periodically with BBL Minitek Enteric Identification System

(Becton-Dickinson, Mississauga, Ontario) ‘using the 20

EEN

biochemical disks recommended for identification of enteric

bacteria: nitrate,‘phenyléﬁanine, hydrogen sulphiae, indole,

VOgeSfProsﬁauer,‘éitratet ONPG; urea, lysihe, arginine, ¢

~ ornithine, dextose, malonaté, adonitol, arabinose, inositol,

3

‘réffinose,‘SQrbi:ol, 1ac;osg, rhahnose and sucrose (BBL
Minitek,l1979). H

_ ‘Lactié cultures were maintained in Cookéd Meat'Medi$m
(CMM) at 4°C. Stock cultures were prepared in the same

manner as the enteric organisms, except that cultures were

[ . ‘
B



Table 3.1. Seleetive and nonselectxve media used in thxs
study, and their sources. ¥

{

Name " Abbreviation and Supplierp'
or Reference

Culture Media

APT Broth APT, Difco /
Cooked Meat Medium , CMM, Difco

L-broth ~~~, Lennox (1955)2
Trypticase Soy Broth TSB, BBL

Differential Media

Nitrate Broth ~~~, MacFaddin (1980)?2
Tryptone Broth ‘ TB, Difoo
MPN Broths , ’
2% Brilliant Green Bile Broth BGB, Difco
EC. Broth . EC, Difco
EC without bile salts EC", Difco ingredients?

Non-Selective Plating Media :

Plate Count Agar PCA, Difco
Tryptic Soy Agar TSA, Difco

Selective Pléti@g Media

Cephaloridin, Fucidin, . CFC, Msad and Adams
Cetrimide Agar ” (1977) ,

MRS Agar (pH 5.6) MRS(5.6), Difco

MRS Agar (pH 6.5) ' ‘MRS(6.5), Difco

Rogosa SL Agar (pH 5.85) RA/, Difco ’
Streptomycin, Thallous STAA, Gardner (1966)2 3

acetate, Actidione Agar

.Difco - Difco medla, Difco Laboratories’, Detroit,
Michigan;
BBL - ~Becton- D1ck1nson\ Mississauga; Ontario.

Prepared from leco ingredients and chemicals from Fisher
Sc1ent1f1c or J T. Baker Scientific.. .

,Ant1m1crob1al agents: cephaloridin, fuc1d1n (fusidic acxd,
sodium salt), cetrimide (trimethyl ammonium bromide), '
‘actidione (cyclohex1m1de) .and streptomycin sulfate from

Sigma Chemicals; thallous acetate from Fisher Sc1ent1f1c.
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grown in APT;broth ét 25°C, streaked onto‘MRS (pH 6.8) agar
plates and incubated in a "candle jar" (see below) at 25°C.
3.4 Sample Preparation

For inoqulation into meat or broth,lstock‘cultures were
subcultured in’ APT or'fSB and incubated at 25 or 35°C
Qféspeétively) for 24 h on 2 successive days. A 10 mL
aliquot of an 18 h culture was cenﬁrifugéd at 3,000 x g for
10 min. The cell pellet was resuspended in an equalvvolumg
of sterile, 0.1% peptone water. - |

Freshly prepared, lean ground beef was obtained from a
local supermarket. In the laboratory, the meat was packaged
in 11 g portions in "Whirl-Pac" ("Nasco", Systems Plus,
Wate:loo; Ontario) bags and,‘where required, the samplés
were irfadiated for 5.5 h at a rate of 0.87 Krads per minute
(total 290 Krads). This gave a residual aerobic colony count
of <500 colony formihg units (CFU)/g of meat, and reéuced
the coliform count to <10'CFU/g. Phe pfepa:ed culture was
inoculated into the ground beef to give 105 - 107 CFU/g. The
inoculum was mixed thoroughly.into the sample.by/
. manipulating the meat in the sealed bag. The meat was
flattened ouf t§ an areé of~4 x 10 cm to ensure'eveﬁ
temperatuté distribution in the sample dér%ng‘storage. A set
'of'uninOCﬁlatéd samples was prepared as éontrolé. The
;hoculateé samples wére,vacuum paékaged in fri—layer
"Vacpac" baés (Cryo?ac, 0 transmission 30-50 cm3/m2/h,

22°C, 1 atm) and stored at 4°C in a refrigeratea incubator.

‘

f
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fn;éne trial, 11 mL of sterile nut;ient'brpth (NB) in:
16 x 150 mm test tubes‘was used as a storage menstruum. Thé
test cultures w;re inéculaéed'into the broth, in the same
manner as the meat, except that- the cui;ufé was mixed by
vortex' and oveflayered with 2 mL sterile mineral oil
(sigma), to mimic the oxygen deficient atmosphéfé in the
Vacpac bégs.

 v ‘ (

3.5 Sample*Tesfiné

Samples were tested on day O, immediately‘qfter
inoculation, and‘évery 1 or 2 days thereafter for 7 to 14
days. Sterile, 0.1% pepﬁdnelwatef (99 mL) was added directly
to the meat sample in the Whirl-Pac bag and ended for 1
min,using a’Colworth:Stomacher (Model 400, A. J. Seward, 3,
Cavendish Rd., Bury St. Edmund, Suffolk, U. K. IP33 3TE).

Most probable.ﬁumber (MPN) determinations w%r;‘done'

. using a‘three-tube‘MPN technique (ICMSF, 1978, p. 126-133)
'by inoculating 0.1 orrl.OﬂhL‘of appropriate dilutiongmof the
sampleé,iﬁto tubes contéining 16 mL broth and an invef{;d"

Durham Qial (ﬂo X 75 mm); Single or duplicate‘sets,of six
setial di1utiohs were prepgred. Single sets were incubated
“at 35°C. ﬁhen duplicaﬁe sets of tubes were prepared; oné‘set‘
was incubated at 35°C, the other was incubated in a
.circulating water bath at 45-: 0.290. Tubes were scored
aftef 48 h incubatibn for éas in the Durham tube or, for
éigns of'efferve§cencgvupon gentle agitaéiqn of the tube.

The highest dilution showing three positive, tubes, and the

< AR .
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two greater dilutions, were used to convert the score Eo a
most - probable number usxng standard tables (ICMSF, 1978)

Plate counts were also determ1ned for each sample uslng'
four plating med;a. TSA,. "repair agar , violet red plle agar
(VRB) and tryptone bile agar (TBA) . Duplicate plates were
surface 1noculated wlth 0.1 mL' of an appropriate dilution to
‘nge 30 - 300 colonles per plate. Inoculated VRB plates vere
overlayered with 5 mL VRB that had. been tempeﬁed to 45 C.
Plates were incubated at 35 C and 45;1 0.5°C for 18 h, in
stacks not more than 2 plates high in a circulating air
incubator. S \

Tryptlc soy agar was used to enumerate the total
cd?iform populatlon, including 1n)ured cells unable to grow
on selectiue media. The "repair"” medium included
resuscitation on . TSA for 2 h at ZSEC} followed b&-an overlay
of 12 mL VRB SSpeck et al., 1975). Repair agar_alsopallowedl
injured cells to grow, but it had‘the advantage of inhibit—
ing .the background mlcroflora. Violet red bile agar was used
to enumerate coliform organisms, ‘only ‘colonies w1th a zone
of b1lejprec1p1tate larger than 0.5 mm were enumerated
(ICMSF 1978, p 131) Tryptone bile agar was used to
' enumerate organ1sms that produce indole from tryptophan at
" elevated temperatures. |
. Indole product1on was determined on TBA plates using a
mod1f1cat1on of the procedure of Anderson and Balrd Parker.
(1975) Samples were plated d1rectly onto TBA, instead of

usxng cellulose acetate filter membranes (Bueschkens and

’



o
Stiles, 1984) . After 18 h xncubatxon at 35 or 45°C, plates
were flooded with TBA staxn (2.0 g p—dxmethylamxnobenz—
aldehyde, 92.0'mL dlst1lled water, and 8‘0 mL concentrated‘
HC1). Aftér i minute, plates were - viewed against a black
background.»xndole p051txve colonxes stained reddish- pink;
and indole negative colonles became a creamy white colour.
' Uninoculated control samples were plated on TSA and VRB.
(35°C tor 18 h), MRS (S.d)'(25°C'fcr 72 h)’and‘plate count

agar (PCA; 20°C for 72 h).

3f6.Microbiological Anaiysis of Vacuum Packaged Meat

Changes in the adventitious flora of irradiated and
unlrradiated meats were deterﬁined ln three separate'trials.
Unlnoculated meat samples were prepared as described above
‘and stored at 4°C. Samples were tested on\day 0 and every
second day for 14 days. Total aeroblc counts were determlned
on PCA- pseudomonads -on cephalorldlne fuc1d1n cetr1m1de agar
(CFC Mead and Adams, 1977); and Brocothrlx thermosphacta onx
1streptomyc1n thallous acetate act1d1one agar (STAA, Gardner,.
"1966) . All plaées were 1ncubated at 20°C for .72 h. Col1form
‘bacteria were counted'on‘YRB platesl1ncubated at 35°C for 18
h'.“‘l B

A small number of pseudomonads are able to grow on STAA
_(Gardner, 1966) therefore, after count1ng, STAA plates vere
tlooded wlth 5 mL of a 1% (w/v) solut1on of tetramethyl-p~
phenylene d1am1ne dlhydrochlorlde (oxldase reagent) in |

- distilled water. Ox1dase‘p051t1ve contaminants stained blue
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‘, R ' o i ' St .
~after 15 sec. These colonies werg“enumerated and‘subtracted

from the total to give a pres pt1ve B. thermosphacta count.

Lactlc ac1d bacterla were enumerated by plating on MRS
(pH 5.6) and RA (pH 5.8) and 1ncubat1ng the plates at 20°C

for 3 days in anaerobic j4rs using "Gas Pac" envelopes (BBL,

Becton-Dickenson,Qyi issauga, Ontario) to create‘a‘Hg/COz—
\ ., {? . ‘ } . .

e. The reducei O, tension created by

_ N o ) , 8

lighting a cangdlle in the anaerobic jar was shown to be

enriched atmosph

" sufficient tg stimulate the growth of the lactic acid

~bacteria,4nd both MRS -and RA inhibited other background
micrgflora. Therefore, ‘in subsequent experiments and for

culture maintenance, MRS and RA plates were incubated in

3.7 Isolation ot‘Lactichh
‘ﬁactio.acid:bacteria were‘isolat \dUring microbial
analysis of vacuum packaged‘ground beef”\Colonies Qere
p1cked from MRS plates of 1rrad1ated and un1rrad1ated meat
~samp1es that ' had been plated after 6 and 14 days storage at
‘4 C. The 1solates were subcultured 1nto ATP broth and
’1ncubated at 25° C overn1ght on 2 success1ve days, before

‘ characterlzatlon (gram sta1n, benz1d1ne and catalase tests)
and storage 1n cooked meat medium. Six cultures (2 from‘each

tr1al) 1solated from 1rrad1ated ground beef were chosen as

test oultures for use in the MPN study.



3.8‘pH-Measurement

pH of the meat samples blended in 0. 1% peptone water
(pH 7.0) was measured after mxcrobzologlcal analyses had
been completed u51ng an Orion combxnatlon pH electrode

(Orlon Research Inc / Cambrldge, MA)

3.9 Temperature Measurement
Becauseloffthe,imbortance‘ofvaccurate‘temperatdre

measurement in this study, thermometers were checked against

a quartz thermometer (Department of Chemlstry, Un1versxty of

Alberta) for the temperature range 35 to 50 C. ‘The

thermometers were found to. be accurate in this range. .

Waterbath and incubator temperatures‘were checked daily to

‘ensure that incubation temperatures remained stable.

3.10 Isolation‘of Culture Variantsi
E coll varlants that‘were negatlve for gas and/or'
ylndole productzon at elevated.temperatures were 1solated
from the meat and NB storage experlments.by selectlng
‘ atypzcal colonles from TSA and VRB plates 1ncubated at 35 C
Colonles were p1cked using- a sterlle w1re and 1nocu1ated “
; 1nto TSB. After overnxght 1ncubat1on at 35 C, a loopful of
‘culture was 1noculated'1nto tubes conta1n1ng TSB EC lauryl
d'sulphate tryptose broth (LST) and tryptone broth (TB). One"
TSB tube was incubated at 35 c, all other tubes were -
1ncubated in a waterbath at 45 0 2 C for 24 h. Isolates

. were scored for growth, gas and 1ndole product1on.v1ndole

U
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productionfwas determined by adding 0.2‘to 0.32mL of Kovak's
‘indole‘reagent (ICMSF, 1978, p. 135) to, the tubg?;Productionn‘
of a dark red colour was scored as a positive reaction, andf
an orange colour as an 1ntermed1ate (x) reactxon. Varxants'
faxlxng to produce gas or 1ndole at 45°C were tested for

| stab1l;ty of the varlant phenotype, by successive subcultur—‘
1ng in ‘the approprlate broth (LST for gas negatlve varlants
TB for 1ndole negatzve varlants) Varxants 'were also
characterxzed blochemlcally using the M1n1tek Enterlc
‘System. Nztrate reduct;on was determxned as a separate test

using the broth method of MacFaddin (1980).

.3.11 Plasmid'Profiles of Culture Variants

Plasmxd prof1les of the parent stra1n E. coli #1840 and
three varlants were determ1ned Plasm1d profxles were. also
“determ1ned for stock cultures E coli ATCC 11775 and K.
\-pneumonfae #2 Slze markers were'obtazned by 1solat1ng’
51ngle plasmlds of known molecular welght (60 38 23 and
5. 5 Mdal) from the four marker stralns. Plasm1d DNA was
flsolated u51ng a: mod1f1cat10n of the method descrlbed by.-
'_.Blrnbo1m and Doly (1979) S |
" Cultures were grown overnlght in- 1. S mL of L broth
"(Lennox, 1955) in .an Eppendorf tube. Cells were pelleted by
centrlfugatlon at 10 000 x g for 15 sec 1n an Eppendorf
m1crocentr1fuge. The broth was decanted and the cell pellet

resuspended in- 100 uL of lysozyme solutlon (25 mM Trls HCl

h PH 8. 0 50 mM glucose, 10 mM EDTA, pH 8 0; 2. mg/ml

2
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‘lysozyme)l Thls solutxon was prepared daxly from crystallxne
lysozyme and stock solutions of the other components. After
10 min. at 0°C, 200 uL of alkalxne sodium dodecyl sulphate
(SDS Calblochem, 0.2N NaOH~ 1% SDS) was added and ‘mixed by
inversion. Thls m1Xture was held at 0°C for 5 min.

After. the lysozyme SDS treatment 150 uL.of'"high salt
solutlon (3 M sodxum acetate, pH 4 8) was added and the
mxxture was held at 0 C for 10 min. The prec1pated
chromosomal DNA protelns and hzgh molecular ‘weight RNA were_
pelleted by centrlfugatlon for 5 min. The pellet was removed
Qith a sterile toothpickl The preparation-was‘purified by |
extractuxm:uth 2 volumes of phenol chloroform (1’1); This
mixture was gently agltated to form an emulsxon whlch was
‘broken by centr1fugat1on for 3 min. The upper aqueous layer
was transferred to a clean Eppendorf tube u51ng a m1cro—
p1pette, be1ng careful not to’ d1sturb the fluid 1nterface.‘.‘

Plasm1d DNA was prec1p1tated by addlng 2 volumes of- ‘,
cold ( 20°C). 95% ethanol Th1s solut1on was held -20°C for.
20 min before pelletlng by centr1fugat10n for 3 m1n,.'I‘h$r |
.‘ethanol was decanted, and the pellet was resuspended 1n 200‘
uL of 70%. ethanol After 20 m1n at -20 c the pellet was.
‘collected by centrliugatlon for 3 mln. The ethanol was
decanted, and ethanol re51due was removed in a vacuum
chamber. The pellet was resuspended 1n 20 uL TE buffer (10
 mM Tris-HCl, pl-l 8.0; 1 mM E;DTA; ,pH‘8.,0‘) before ble;ng load_ed‘

onto- the gel.
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Plasmxd DNA (20 uL) was mlxed wlph 5 uL loading dye .

s
.-

($,]
~

‘(40% w/v sucrose in H, O '0.25% bromophenol blue) and loaded
1nto wells of a- 0 70% agarose gel (Seakem ME.: Mar1ne
Coqu1ds FMC Corp., Rockland Maxne) The gel was made up ©
\run Ain Trls/borate buffer (0. 089 M Trls borate, 0. 089 M
bor1c acid, 0 002 M EDTA pH 8. 0). AgarOSe was melted (3 - 5
‘mln)‘zn a m1crowave(oven‘and cooled to;45 C before ponrtng.

Gels (0.4 cm x 10 cm . x 15 cm) were run at 50 V for‘1 5 h,

stalned in' 0.4 ug/ml ethadlum bromxde for 40 min at room

temperature and destalned in dzst1lled water overnlght Gelsn

were lllumlnated u51ng an ultravxolet trans1llum1nator

(Fotodynerlnc., New Berl1n Wxsconszn) and photographed

u51ng Polaro1d type 57 or . Kodak Tri-X . Pan. f1lm.

\

3.12'Se1ective Isolation of Chlorate Resistant Variants

Chlorate reglstant var1ants were 1solated from

*1noculated NB and meat storage samples u51ng a modxf1cat1on‘

- of the method of MacGregor and Schna1tman (1971) A 2mL

. allquot of the sample was, pour plated w1th 10 mL chlorate

)

\““agar (0.2% ClO; ) . allowed to sol1d1fy, overlayered w1th an

,add1t1onal 10 mL of chlorate agar, . and 1ncubated at 35 C for
t.24 h in anaerob1c jars conta1n1ng Gas Pac envelopes.‘ |
: Colonles appearlng on these plates were 1solated and
“'pur1f1ed by streak1ng onto chlorate agar plates, wh1ch were
o overlayered wlth 10 mL of chlorate agar, and 1ncubated

anaerob1cally for 24 h An 1solated chlorate re51stant

'~

vcolony from each of these plates was 1noculated 1nto LST t.~
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broth to check for gas: productmon. All varlants and stock

‘ cultures vere typed for formate dehydrogenase and nxtrate
‘reductase actzv:txes, lactose fermentatlonvand‘utllxzatxon
oﬁ«galactose as a sole sOUrcé'of carbon, ‘aS'rollows:'

(1) Formate dehydrogenase and (‘) nitrate reductase
act1v1t1es were determined by the method of Begg et al

, (1977). Cultures grown in. LST broth were ‘'streaked onto
glucose nutrxent agar (G-N) plates and 1ncubated aerobxcally’
at 35 C for 24 h. Sterlle Mllllpore fllters (0 45 um 47‘mm

‘ dlameter, lellpore Ltd., London) vere placed ‘onto two . G N |
plates and onto an additional two G- N plates contaxnlng 10-
‘M-sodium molybdate (G- N/Mo, Glaser and DeMoss, 1971). Single
‘colonles from "the overnlght plates were inoculated onto the

‘fll?er in a systematlc manner, using the gr1d pattern‘on

thevfiltersito‘organize the‘inoculation of-the‘lsolates.

After 1ncubat1on at’ 35 C for 24 h filters wére transferred

to'the surface of a ster1le pla1n agar plate (1 bm w/v \

Dl}co agar) for 15 m1n. After th1s, one of the f1lters

m&@ﬁcubated on G N agar and ane 1ncubated on- G N/Mo agar werel
, placed onto separate formate dehydrogenase and n1trate
breductase 1nd1cator.plates (Begg et al 1977)

On the formate dehydrogenase 1nd1cator plates, cells
w1th a functlonal formate dehydrogenase metabollze formate
absorbed 1nto the cells, thereby keep1ng the 1ntrace11u1ar |
pH close to neutra11ty ‘These cells turn a red colour as

they accumulate phenol red through fﬁ“ fllter. Cells lack1ng'

a funct1ona1 formate dehydrogenase system are unable to '



‘metabol1ze formate. As & result, the intracellular pH in
these cells rapldly becomes acidic and the colonies turn a
‘yellow colour. leferentxatlon of cblony types was posslble
wixhin 15 to'20 min.’ | |

Detect;on of nitrate reductase ‘activity was done by a
two step procedure. Fxlters were incubated on a nltrate
reductase’ 1nd1cator plate at room temperature for 15 min.
‘Plates were cooled on ice and overlayered w;th sloppy agar
(0 75% effectlve concentratxon) containing the n1tr1te
‘ reagents. The sloppy agar was prepared by mixing equal "
volumes of .5% w/v agar and colour reagent (equal parts o{

\

0.8% w/v sulphanlllc acid in 5 N acetic, ac1d and 0.5% w/v

L

a- naphthylamlne in 5 N acetxc acid; MacFaddln, 1980).

Colonxes accumulatxng n1tr1te (n1trate reductase posxt1ve)

: stalned orange shortly/after addlng th
overlayer. The test was read w1th1a 15 ﬁin:]

(3) Ab111ty to ferment lactose. MacConkey agar base
w1th 1% added lactose ‘was prepared to determlne the ab111ty
"of the culture to ferment lactose. | '
| (4) Ut1l1zatlon of galactose as the sole source of
carbon: GrOwth on m1n;mal agar (Difco) y1th 0.1% galactose
was 'used to determine this characteristic. |

\



' 4. RESULTS
| | o |
‘4.1 Verification of Identity of Test Organisms N
. The biochemical characteristics of the stock cultures
were determlned -using the BBL Minitek Enterxc Identification
system. onchem1cal characterlstxcs Mlnltek 1dent;fncatlon
numbers and the certalntf of ldentlfxcatlon for each Of the

'stock cultures are g}ven in Table 4.1. All‘blochemlcal

characteristics remained stable throughout the 'study.

4. 2 Comparxson of Most Probable Number (MPN) and Plate Count
Methods for Enumeratxon of Escheﬂfchla col i 1n Vacuum

Packaged Ground Beef

‘4.2v1-Changes in'ColifdrmﬁCounts ‘ |

'In the f1rst experlment E. coli #1840 was 1nocu1at ea
into 1rrad1ated ground beef samples to ‘give an 1n1t1al load
‘“of 106 CFU/g Samples were 1noculated into EC broth (0.

»mL/tube) and onto repa1r and VRB agars. Inoculated medla

Jwere 1ncubated at 35 and 45 C. At all sampllng t1mes and at

o
-

»,both 1ncubat10n temperatures, the plate counts gave
‘con51stent results (see Table 4 2) There was no 1n3ury on

A the VRB select1ve agar,'and only minor loss 1n v1ab111ty
_(0 3 to 0. .5 log’ cycle) over. the 14- day trial per1od on both

plat1ng media-.- MPN .counts determlned at 35 C were relatzvely

!

stable, but counts were frequently 0.5 - 1 log cycle lower

than comparable counts on agar medza. At 45°C, MPN counts )

1)
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Table 4.1. Biochemical characteristics and identxty“of stock -
cultures determined using the BBL Mxnxtek Enterxc Ident1f1c~‘

atjon System.

E. coli

M

ATCC 11775

E, coll
#1840

K. pneumo-
niae #2

Nitrate reductase
Phenylalanine deaminase
Hydrogen sulfide N
Indole’ |
Voges-Proskauer ¢
Citrate . o
ONPG '

- Urease

Lysine decarboxylase
Arginine deaminase
Ornithine decarboxylase
Dextrose

Malonate

'Adonitol:

‘Arabinose

Inositol

Raffinose

Sorbitol

Lactose

Rhamnose

> Sucrose

' gas from lactose (45°C)
MInitek ID Profile

%¥ Certainty of Ingtityl

.*-

4453116

99.90

-~

I N SR S G

+

4453137

'99.90

3

+ + + + + + + 3 3

- +
' 4361777
99,71

7

7 Percentage certéiﬁty,of identification based on the BBL
Minitek Enteric System (BBL Minitek,

1979).
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Table 4.2. Counts of £, col/l #1840 in" vacuum packaged ground,
. beef determined on different growth med;a during storage at
4°C for 14 days (Trial 1).

Counts (log CFU or MPN/g)

Incuba~ Time of Storage (days)
tion ,
Growth Temp. Initial
Media (°c) Count 1 3 7 14
h A o 4
Repair 35 °  6.53 6.37. 6.53 6.43 . 6.19
agar 45" '6.48 " 6.56 6.41 6.41 6.16
VRB' 35 6.58 6.47  6.47 6.36 6 05
45 6.54 . 6.43 6.53 6.49~ .12
EC 35 5.36 5. 36 5.36 -  5.36 5.63

broth 45  4.63° 4,87 4.59 2.36 °  »4.04
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were variable between samples during storage, as shown in
Table 4.2. MPN counts were as much as 1.5 to 4.5 lpg cycles
lower than agar plate cotnts. In all cases,vat 35 and 45°C,
lower coﬁnts resultéd from the aﬁsence of grbwth and‘not
‘growth'hi£hout gas production. ,

A second experiment was designed to dgtefmine whether
the variabﬁlity in MPN céunts observed in the first \\J/rm\ﬁ
experiment was the resulﬁ of injury to growth due to the ‘
bile salts in EC broth or to growth at 45°C. E. coll #1840
was inoculated into irrgdiqted meat samples at 107 CFU/g.
Samplés were inoculated (1.0 mL/tube) into EC and EC without
bile salts (EC~), and onto TSA, repair agar .and VRB. blate

R

counts were extremely consjstent throughout th; 7-day
‘sforage period. MPN values did not vary to the same exfént
as ihose observed | )
in the first éxperimént'(see Table 4.3). MPN counts at 35°C
in EC and EC~ were 0.25 to 1.0 and 0 to 0.5 log cycles lower
tﬁan plate counts, respectively. Aﬁ 45°C MPN counts in both
EC and EC- were 0.5 to 1.0 log cycle lower than pléte
counts. |

Subseduent trials with irradiated meat were designed to
detérmine whether inoculum size (1.0 mL or 0.1 mL in EC
broth), lev?l of test organism inoculated into the meat;
samples (loé‘br 107 CFU/g) ér‘st:ain of coliform organism
(E. 'cqli #1840, E. coli ATCC 11775, K. pneumoniae #2) was

responsible for the large variations in MPN counts observed

in the initial trial. No differences were seen in
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Table 4.3. Counts of E. colf #1B40 in irradiated, vacuum
packaged ground beef determined on different growth media
during storage at 4°C for 7 days (Trial 2).

'Counts (log CFU or MPN/g)

Incuba- . Time of Storage (days)
tion ' ' L
Growth Temp. Initial ‘
Media (°c) Count 1 2 3 5 7
TSA 35 7.56  7.58  7.61 7.64  ---  7.57
45 7.58  7.50  7.60  7.57 s 7.62.
Repair ' 35 7.56  7.50  7.60  7.46 7.50  7.66
agar 45 7.60 7.50 7.60  7.53  7.50  7.51
VRB 35 7.48  7.52  7.45  7.48  7.43  7.41
' 45 = 7.49  7.44 - 7.45 7.45° 7.36. 7.40
EC 35 6.38°° 6.63  7.36  6.63  7.36  6.63
broth 45 7.08 6.36 6.36 6.36  6.36 . 6.63
. EC- 35 >7.04 7.18 - 7.63 7.63  7.36  7.38

broth 45 >7.04 6.63 7.18  6.63  6.88  6.97
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.
variability of the MPN counts at 35 or 45°C with different
'inoculum size, with level of inoculation of test organi;m,
or between the test strains used to inoculate the meat .
Durlng these trials, however, it was observed that.the
pattern of growth of the adventxtxous background mxcroflora”l
in the 1;rad1ated meat samples differed markedly between
experimehts{ Two distinct patterns of growth emerged, as
shown io Figure 4.1.’In one .case no lag pe:iod'was observed;
in the other,ta-lag period of 3 to 4 days was observed
before a noticeable increase 'in bacterial counts was

i

recorded.

In all trials, plate counts for E coii were extremely
stable and consistent with the data presented in Tables 4. 2
and 4.3. Cons1derable varlatlon in colony size was noted |
jlafter 5 days'storage of the meat at 4°C when samples were
plated onto both- selectzve and non- select1ve agar plates at
45 C. Many colonies on VRB plates at 45°C were smaller than
those on VRB plates at 35 C. However, most colonies exceeded
‘the requ1red 0 5 .mm d1ameter and actual plate counts on\all
media determlned at 45 C were not markedly . lower than those
determ1ned'at 35°C. The advent1t1ous background mlorotlora |
was inhibited on the selective and repair mediaf‘but it grew
on TSA plates at 35°C. After 18 h 1ncubatzon, colon1es of E
ﬂcoll were suf£1c1ently larger than those of the backgro%yd
microflora .that oey eould-bevreadlly d1fferent1ated. At
' 45°C the adven'ti&loos backgrouna microflora was inhibited on

all of the plating media.
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6.6

- Log CFU/m}

RE 2 '3 | A 8 e 7
' Storage at 4°C (days)

C@d.

4

14

Figure 4.1. Growth patterns of the adventitious background
microf}ora in irradiated ground beef 'samples. ‘

fKey:.o growth witﬁout lag phase; o gréwth with laé phase.

.
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‘Accurate and reliable temperature settings were -
_critical in obtaining consistent_plate counts at 45°C.
Temperature increaSes of greater than 6.5°C (>g5.5°C)
resulted in inhibition of E. col[ #1840 on the selective .
.media (VRB,‘TBA).‘Colonies on“fSA plates at >45.5°C were
variable in sizejbut they were sufficiently‘large for
accurate counts to be obtained Colonies on VRB agar‘.
incubated at >45.5°C were p1np01nt in size and were,‘
‘technlcally,‘too small to be counted as qol1form bacteria
(ICMSF, j978),,Small.colon1es on TBA plates at >45,5 C were
either weakly positive or negative.whenltested for indole ,:
production..Similar Observations were noted for fresh

‘ overnight broth cultures of E coll #1840, E. coli ATCC
~11775 and K. pneumoniae #2 1noculated onto the platlng medla
~-and 1ncubated at >45 5 C ‘ .p .

When MPN counts were determined in EC broth two
‘patterns of var1ab111ty occurred whlch appeared fb correlate‘
wlth the dlfferent growfh patterns observed 1n the | |
-adventltlous background m1croflora of the 1rrad1ated meat‘b
samples. In tr1als where there was no 1ag in™ 1n1t1a1 growth

‘oﬁ the adventltlous m:croflora, an 1ncrease in var1ab1l1ty

‘of the MPN counts at 45 C was - observed w1th 1ncreas1ng

(\‘

ulength of storage at 4°C. Th1s vas 51m1lar t0°the effect,“'
"seen in Trlal 1 (Table 4. 2) and is represented by 'the data
shown in F1gure 4. 2 S1nce plate counts’ on selectxve and
nonfselect1ve med1avwere-essent1ally.the same (Tables.4.2

‘and‘4.3); counts on TSA at 359Cfrepresent,all plate'dounts”"



...................

......

Log CFU/g -

o 13 4. 8 14
.. Storage at 4°C (days) =

~ re 4.2. Stab:lxty of plate and MPN counts (EC broth) for
E colil #1840 in irradiadiated meat stored at 4°C in vacuum
packages, thhout a lag phase in the. growth of the adventx-

/ tious flora. .
‘Key: . [C] MPN in EC at 45°C; .
‘mMmeECatasc, ‘ 4
'MECount on TSA at 35‘°c | o L
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»and are referred to collectlvely as the "plate counts".‘MPN‘d‘
counts in EC broth at 35°C were generally 0.5 - 1.0 log

‘cycle lower than the plate counts. This did not change with
;ncreased t ime of storage of the meat samples at 4° C MPN
countsixn EC broth at 45°C were 1n1t1ally 1. 0 - 2.0 log
cycles. lower than correspondxng plate counts from the meat

. -samples stored at 4 C for up to 4 days. However, thep
differentlal 1ncreased to 4.0 log cyclesvafter 8 and 14 aays‘
of storage; When the adventitious backgroung microflora
increased rapidly'there‘was a general decrease in MéN counts‘r
at 45°C‘wlthflength ofvstoragé.

In contrast in trials where'there was a lag phase of 2
to 4 days 1n the 1n1t1al growth of the. advent1txous back—"
ground m1croflora, there was no increase in variability of :
MPN‘countsvat‘45 C‘wlthrlncrea51ng length of'storage'at;4 C'
(Eiguref4g3);€M2N'coﬁnts in EC broth.incubated at both'3§?+t,\'
' andk45°CFwere‘stable‘throughout the 7-day trial periOdf-but;‘,
they‘were consistentl§ lower fhan the plate cdﬁnts by -
‘.approxlmately '0.5- 1 0 log cycle. Thls pattern was s1m11ar to
that observed in the second tr1al (Table 4. 3). ' | |

S1nce 1t appeared that ‘the advent1t1ous background
.‘mxcroflora of. the meats mlght be an 1mportant factor
'affect1ng the var1ab1lzty of. the MPN results, a serles of
experlments ‘was des1gned to characterlze the changes in the
adventltlous flora of the meat. It was expected that the -

major components of the advent1t1ous background m1croflora

h‘of vacuum packaged rav beef would be lactic acid bacterla,‘
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pseudomonads' B. \fhePMOSphacta; and cOliform‘bacteria.
Platxng medza were chosen which would selectlvely

dlfferent1ate these organzsms, so that the changes in the

A

‘ d1fferent bacterial’ populatxons could be monxtored PCA‘

" incubated at 20°C for 3 days was chosen to estlmate the

total aerobic bacterial count. Unirradiated meat was also‘

Uused in this" experxment to compare the populatlon changes

‘that would be expected in ‘vacuum packaged ground beef under

'

practical conditions w1th those‘occurrxng in irradiated

meat . -
hf Meat samples were‘diluted and plated onto the agar

media. Highly consistent growth patterns were‘obServed for

‘all bacterlal parameters for both 1rrad1ated and unirradi-

,ated meat samples. The data in: Flgures 4.4 and 4 5 .are the « ..

”~

means for three trlals. In both 1rrad1atedland un1rrad1ated

meat samples, presumpt1ve lact1c ac1d bacter1a counts on

IyMRS(S 6) and RA were essentlally 1dent1ca1 therefore, only;

the data from the MRS(S 6) plates are shown.

In 1rrad1ated meat samples there were no detectable

“h“counts on’ STAA VRB or CFC agars in the meats stored for 14

days. Dur1ng the 14 day trldi, counts on PCA 1ncreased from

102 to 107 CFU/g, and were almost the same as counts on

MRS(S 6? (F;gure 4 4). A lag phase of 2 to 3 days occurred

fg]before growth was, 1n1t1ated and proceeded exponentlally for.
de to 9 days After 12 to 14 days the growth curve appeared ’
't_to plateau at a count of 107 CFU/g, suggestlng that the

. populatzon had reached a maximum and that the stationary
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- Log CFU/mL .

o ' ' : ' '
Fxgure 4.4. Growth of adventxtxous background tlora of .
irradiated vacuum packaged ground beef durzng storaga at 4°C
determxned on plate count (PCA) and MRS agar. : . o

Key. "
A

counts on PCA agar--‘ e f'“‘." j
counts ‘on MRS agar. ‘ I -



phase ‘had been reached.‘From the‘bacterial parameters
"measured it appeared that the presumpt:ve lactlc aczd
bacter1a Hade up vlrtually 100% of the adventltlous flora of
the xrradxated meat samples.
In contrast 1n the unlrradlated meat samples there was
no lag phase, as shown xn 'Figure 4.5, Flnal counts on PCA
fter 14 days storage at 4°C reached markedly hxgher levels

than had been ach;eved in the lrradxated meat samples (5 x

‘IQE§CFU/9) The lactic acid bacterxa made up a large part of

thxs count 1 ox 108 CFU/g, 20%), however, the remaining 80%
| of the advent1t1ous m1croflora was not descrlbed by the

‘m1crob1al parameters used Even so, there were substantlal

levels of pseudomonads (1. x 107 CFU/g) collform bacterxa (5

x 106 CFU/g) “and B. thermosphacta (5 X 105 CFU/g). STAA
fplates, used to’ determzne pre5umpt1ve B. thermosphacta were

flooded w1th oxldase reagent to identify oxldase p051t1ve v

.pseudomonads. No ox1dase positive organlsms were detected on'

STAA plates in any of the tr1als.»

A tr1al was'run 1n-wh1ch E. colf #1840'was inoculated-
,l1nto 1rrad1ated and un1rrad1ated ground beef at 105 CFU/g.‘
| Two add1t1onal MPN broths (LST and 2% Brzll1ant Green Blle,'
BGB) were added for compar1son w1th EC broth at 35° C The
- growth of the advent1t1ous background flora 1n 1rrad1ated
3and unarrad1ated ground beef samples was 51m1lar to the data
vshown in F1gures 4.4 and 4 5, respectzvely A lag phase

‘occurred in the 1rrad1ated meat samples, and ‘final counts on.

”fday 8 reached 105 CFU/g on PCA agar. In1§3§11Y+.a"d °" day

Kl
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‘Log CFU/mL

T T — — :
2 4 . 6 - .8 10 .. n 4
Storage-at 4°C (days)

' Figure 4 5 Growth of adventitious background flora of
uﬁxrradxated vacuum packaged ground beef, durlng storage “at
4°C for 14 days. ‘ ‘

‘Key' counts determlned on e PCA, 8 MRS(S 6), '
S ‘ - s CFC, p STAA o VRB agars.‘



70

2, counts on MRS(5.6) agar were <107 CFU/g, by day 4, counts

/
on MRS exceeded those on PCA by approximately 1.0 log cycdle,

)

In contrast, in unxrradxated meat, PCA counts wete

P‘yponslstently greater than those on MRS(5.6) by. approxlmately‘
;.h‘1 .0 log cycle Initial PCA counts. in unirradiated meatlwere
~105 CFU/g. Final counts exceeded 1 x 108 CFU/g. t
fa

AN beSpite the marked differeénce in growth‘curves and
leyels of'the adventitious flora seen between the irradiated

¢

©and unlrradzated meat samples therefwas little difference

in the MPN results forbE coli #1840 at either 35 or 45 C

"

(Figure 4.6) fn general “for- both 1rrad1ated»and
unirradiated meat samples ‘storéd at 4°C, MPN counts
determxned 1n EC . LST and BGB. 1ncubated at 35 C dld not

‘. differ from plate counts by more than :0 S logwcycle (Figure
. ] o
4, 6) except in xrradxated meat»samples where'MPN counts

.

determined in EC broth at 45 C were always 1.0 to 1. 5 log

' -cycles 1ower than plate counts. ! " : e

N + - -4 ' v P
o g, 0 ' .
4

4 2. 2 MPN Varlabxllty W1th ngh Levels of Lactxc Acxd

&
Bacteria Inoculated Into Ground ,Beef Samples

LI

I Thxs experzment was des1gned to study ‘the effect of
:" M

1act1c acid ba¢ter1a on the varlablllty of the MPN,count of-

k. coli 1n vacuum packaged ground beef 51x stralns of |

R
lactic ‘acid bacterla, that had been 1solated from a prev1ous

"’ .,

.
"\

.

exper1ment$as described in Methéds section 3. 1, were‘
. 1noculated 1nto meat samp15$ at the same level as the tesm"‘
L .

straln of E COII.~THO sets of 1rrad1ated ground beef . were '

,« - \, e ~ .l '
-~ b . . . . a¢ s . [
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inoculated w%th E. coll #1840 at 10% CFU/g. One of'tme sets
was also‘inoculated with the mixture of lactic acid
bacteria. These are referred to as samples "with" and
"without" lactic acid bacteria. A third set of irradiated
ground beef samples was used as an uninoculated control.
Parallel samples'werewgrepared with nutrient broth (Np)‘as
the storage menstruum. Samples were stored at 4°C and‘counts
wereidetermxned xnxtxally and every second day for 14 days.
Sambles'were 1nocu1ated into EC and “LsT broths and onto TSA,
VRB and TBA plates, .and lncubated at 35 and 45°C. A

LST was included as .a teating broth because‘of the good

-

correlation between MPN counts determined in LST broth and .

-

plate counts in the prevxous experiment. After 48 h a loop-
ful of culture from gas p051t1ve LST tubes at 35 C was
I

transferred to_EC‘broth»and incubated at 45°C for an

additional 48 h‘ based on the standard MPN. procedure for

determlnatlon of faecal tollform counts recommended by 1CMSF

(1978) and Standards for Examlnatlon of Water and Wastewater'

(APHA, 1971). . - S A

PIate counts at 45° C had to be excluded becau;e ofpt
unstable temperatures in the c1r§ulat1ng air incubator. All
:plate countevdeterm1ned at-~35°C for E. coli #1840 in meat
with and: wlthout lactlc acid bacteria were stable throughout
'th1s experlment However, 'in NB w1th and without lact1c ac1d

bacter1a, 1nJury occurred for growth of E. poli on VRB and

" TBA agars (Figures 4 7 and 4. 8) After 2 days of storage at.

40, couuts,on VRB and TBA vere consistentiy 1.0 and 0.5 log

AN
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Figure 4.7. Survival of E. col/ #1840 stored .in nutrient
broth (NB) at 4°C without added lactic acid bacteria.
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P



Log CFU/mL
w

[CY" "

1z T —T T L g
-0 O Y 8, 10 2 .4
| - Storage at 4°C (days)

4
. . .

#
roth (NB) at 4°C with. added Iactlc acid bacterfa. -

Key: plated on o TSA; & VRB; [ TBA.
& . i a, . . ' . ‘ . i -

gxgure s.8. Survxval of E Coll #1840 stored in nutnent ,

74



75
0 A ! /‘ o ‘ A ' '
, ' ) ; ‘ ! —\_—J/"‘
cycles lower than counts on/TSA, respectivelx*_/f/// ,
. ) . . . ) _‘//‘ B
.~ During 14 ddys of storage at 4°C in meat with and

without added lactiC‘acid'ba eria, themvfability of the -

\

Ftest.organism decreased slightly (0.2 to 0.3 log cwcie).
(Figure 4.9a,b). ‘For-E colf #18§D—stosedtin NB without
added lactic acid bacterra, a/51m1lar decreas$ in v1ab111ty
.was observed to thag‘observed in the meat samples, as showg

1n Figures 4.9c. However, in NB with added lactxc acxdt
& 314'\"

bacteria, there was a str1k1ng loss of v1ab111ty of E. cbll
#1840. After 14 days of. storage at 4°C the E. collﬂhad A
,decreased 4 log cycles to less than 10 CFU/g (Flgure 4. 9d)

ThlS effect was somehow negated 1n,the.ground beefvsampleswh

1noculated with lactiC»acid‘bacteria. L

-

In all but one sample, MPN counts in LST broth
incubated at 35°C corresponded well with plate'counts on'

TSA. LST counts were .not more than +0.5 log cycle of counts
‘ on TSA at 35 C (see Fzgure 4, 9a d). In contrast MPN'counts
determlned in EC broth at 35 C were lower than counts on TSA

by 0.5 to as much as 3 0. log cycles, see Figure. 4 10a d. ls'fb
J ]

D1rect 1noculation 1nto e;ther LST or EC broths 1ncubated at
45°C" resulted 1n .counts that were 1“5 to 3 0. log cycles

lowat than the correspondzng plate counts, shoyn in F1gures

¢>9a c and 4 10a,c. It should be noted that in all cases LST

gas posztlve tubes 1nocu1ated 1nto EC broth and 1ncubdted at g
Sy

45 C resulted 1n an 1dént1ca1 conf1rmed' MPN count._l

\'.‘ a
Ca o

The levels of 1act1c ac1d bacterla 1n both the meat

w1th and without added lact1c acid bacter1b were essentlally

-

e
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the same, see Table 4.4. The initial adventitious background ,

-

microflora was relatively high in comparison with previous .
exper1ments In1t1al levels of lactic ac1d bacteria in
samples in this experlment were 105 CFU/g. These levels
reached 107 CFU/g after 8 days of storage, at whlch t1me the
counts stablllzed Unfortunately, thls did not allow a
comparlson ‘of MPN, counts in meat w1th low and h1gh levels of

1n1tlal adventitious background mlcroflora.-

4.2.3 Effect of pH on Varxahxlxty of MPN E. coli Counts in

Ground Beef

pH of ground‘beef‘samples did not seem to have an'

s »

ffect on the var1ab1l1ty of the MPN counts. As seen 1n-
Table 4.5, 1n1t1a1 pH levels 1n the ground beef ‘were 6.7 to

6.2. ThlS level decreased 1n un1rrad1ated ground beef

samples to 5 3 to 5 5 after 8 days and to 5 2 after 14 days.{

a

In 1rrad1ated meat samples, pH levels d1d not fagl below 5 7
fl even after 14 days stdtage. pH levels were not -a fected by f
1nocu1at1on of E coli #1840 1nto the meat sample (Table

4 6 exper1ment B and C). o

When 1n1t1a1=levels of advent1t1ous 1act1c‘.b1d

bacterla were hlgh %: seen 1n tle f1nal experlment, a'

i ‘4 ey

decllne 1n pH occurred that.was s1m11ar to that obServed 1n

ﬂ_py levels decreased from

-

N

: ‘;- il _“:»;.,4..)‘."(;;;
P n” fa

AN ,r c,‘-' :

In1t1al pH levels.1n NB w1th and w1th0ut added 1act1c ac1d

©

bacter1a were 6 8, and the pH dxd not change over the 14 Co

A

5 5 over the 14 days of the experlment.tpkh :
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W
Table 4.4. Counts of presumptive lactic acid bacteria in
vacuum packaged ground beef during storage at 4°C for 14
days determined on- MRS plates incubated at‘€0°c‘for 72 h.
() " Counts (log'CFU/g)~ "
| E. coli  E. coll #1840  Uninocu-
Sampling #1840 ’ +. lactic o lated
Day : | o culture' . control
o a.69 5.08 . ' 4.56
2 ° - an3  5.48 '
4 . 5.56 . 6.37
6 5.81 6.80
8 Fyse 7.45 ’
' ) t ) " R
10 7.58 o 7.43 : - 7.69
12 7.29 - . 7.3¢ . 7.60
e, 7.3 7.43 o e 1.8
”ﬂf? Mlxture of 6 lactlc ac1d bacterla straxns 1solated frqm .
e ground beef 1n prev1ous experlments. B RN £

X R Qe i

Cow N v . !

v , 2 . ' ., .
. . i - .
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Table 4.5. pH of vacuum packaged 1rrad1ated and unxrradxated
ground beef dur:ng storage at 4°C for up to 14 days.

Coe | | ¢ pH1 ‘ SR L
| - | | | ;
— T . -
' Irradiated ‘ : Unirradiated
Sampling N | |
"Day . A B ¢ A. " B . C
i S SR - .
e S ‘ : SR - F
0. '6.20 5,75 5.75 | 6:20 ~ 5.75 ' 5.72
2 5.76 . ' 5.80 5.80  'S. 75 ,7 5.78  5.80
4 572 - 5.82  5.88 - 5. 72v 5.70  5:78

5 '+ 5.72  5.80 .5.88  5.64°  5.52 ° 5.58
§  -5.72  5.85 '5.88  5.32  5.50 5.52°

0 Ts.72 00 - 18,30 ,
12 su72 o J-J“W5.12*" - A\

1 Results of three experlments. Experlment A{ a! 14 day
‘ un1nocu1ated trialj; experlments ‘B and C, unlnoculated
and 1noculated w1th E coli #1840 respectlvely. o

o
A
ir
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~

N L /
';0; IR 5;9;v _‘5,9qw o ‘5Q90
’ “‘.;gz:"A\\\\\in 5.90. .88 15.90
e ena "<;;“5;8§F“. 5.85 5.98
6 5.80 5.75 5.85
8 : 5,60, 5.60 5,72
0 L x.s.éof,. 5.50 ' 5.48
Sz " 5.30 . 8.28 540
-l v 5.30 528 AT ‘5;4ayﬁf‘gj
L T > sl ﬂ? R

Table 4.6,

i

[

L8

pH of vacuum: packaged dround beef 1noculated with
*v E. coll #1840 and a mixed lactxc culture during storage at,

e 4 C 14 days.

' oH

< R

¢

- Sampllng et

Day

E coli
#1840

E col | #1840
+ lactic
culturﬂ1

" Uninocu-’

. lated

. control

1 Mlxture of 6 lactlc ac1d bacterla stra;ns 1solated fro

o

“ground beef 1n prev1ous éxperiments.

‘(.. Co

PR
ql‘

'l:‘v

’
LEN
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days of the experiment.

" .
A L e

4.3 Isolation of £, co/f Variants Q‘ e
' Culture variants that were nedative for gas production:

at 45°C were‘isolated on three separate oocasions from VRh
plates that  had been used to enumerate E COII #1840 stored
1n NB at 4°C. Subculturxng of these isolaues atﬁ35 Cc

7 , '
evealed that these varxants vere also negatlve for gas

(' . A

productlon at the 1ower 1ncubat1on temperature.‘The yariants‘ .

‘ -

”1dentica1 to the parent strain in all respects 'exeept‘that
A ‘they were nitrate reductase negat1ve in. the BBL'Minitek Disk
: A R

”test (see . Table 4 1). The varlants were also shown to be

“;n1trate r ductase negatzve 1n the standard bnoth test

(MacFaddln,j;

'930) ﬁhe M1n1tek ID profxle 0453137 compared

ldfwith%4453137 of the parent straxn was conf1rmed as E coll

.,,e t €99 99% probab1l1ty (BBL M1n1tek Enterlc II
e, \

l=three varlants were subcultured da1ly in LST broth at 35 C o

‘jjfor 30 days. Dur1ng thzs tlme nonﬁ of the three var1ants,

"7ﬁ E 'Ebll #1840 that d1d not produce gas at 3510r.45fC Qerej

Ident1f1catlon System Becton D1ck1nson,‘M1551ssauga) The.«

"reverted to the w1ld type gas—pr duc;ng phenotype..ﬂijzh7v5f-a~

i e i

f4 3 1 Plasmxd fsolatxon '?fh;ﬂ')'

>
¢ ,s.’

. From an":a

1

tﬁUn:verszty of Alberta,‘1982) 1t was known that the serotype

'h‘otvE coll #1840~was 0? K? uz mean1ng that a spec1f1c

R

serotype could not be estab11shed w1th ava1lable antxsera."

"rl1er study (D H Bueschkens, M Sc.,the51s,{"j'
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- . . oo ' ‘ '-‘ Vo ! N ‘
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Therefore, it was not praCtlcal to confzrm a relatxonshxp
»ﬁ vl Ll |
a&etween parent and varxant straxns in th;s manner. Plasmxd
cw b |
‘profiles were determined’ in"an, effort to confxrm the ‘ '\
;dentzty of the variant, straxns and to rule out the ‘:* j
RS ' ’ J

posszblllty that the loss Ln nitrate reductase and

"formxc hydrogenlyase (gas productlon) act;vltles observed 1nq°
’ ‘ ' !

the varlant was due to the loss of a plasmld Plasm;d DNA

from the parent straxn é colli #1840 and the three var;a'nt%‘

) ' e

was v15ual1zed us1ng a’ rapld plasmxd extractlpn proeedure
‘e " - : fon

and gel. electrophores:s.\?lasmxd DNA was also xsolated from
'test strains. E Colf ATCC 11775 and K pneumonlae #2 for‘

comparxson with E coli #1840 As seen in Plate 4. E e

4

Coli #1840 and var1ant straans all showed a. 51ngle plasme

]band. The approxlmate-molecular“51zenofvthJs plasmxd

Qfest1mated as 57 Mdal by compar1son wzth the: mob1l1ty o

M

‘lfstandard plasmlds run in the same gel E co]f ATCC 1’775

»

‘appeared to have a 51ngle plasmld band of approxlmately 68
| Mdalgand K. pneumonlae #2 had 2 plaSmid bands of

"approx1mately 58 Mdal and 76 Mdal “_ ‘~*del“1h*‘;‘ejff'wjﬂj

ERE “ . ) an T [ .\ B U Lo
- . o e . S . . . o , s e ‘a P
‘N. N o . b8 ‘-‘ o ) . . N . 1 . ,‘ . Al x‘

’ 4 0 ' 0 \ . . | ! . . ! ,

W G : .

‘4 3 2 Isolatzon and Character1zatlon o£ Chlorate Resrstant Wdf

Var1ants LTy L "-;
Lo LT araﬁl", ‘ S
,E¢;;ﬂwmnslncemgas negateveAVarxants~eselated frodeRB platesm~¢w,nu

\‘,. ',

R .
’ O X u)

,;were also def1c1ent@1n a functzonalzl1trate reductase

\!a

‘system, 1t was p0551b1e to- use a s1mp1e technxque ava:lablewﬁ%n;

o

‘for 1solatzon of nztrate redthase def1c1ent mutants tof‘
- : o
;Lﬂlselect S1mu1taneously fortgas negatxve varl,;
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Plate 4.1. Plasmid profiles for £. col/ #1840 and
negative variants compared with profiles for E. co I 11775

and K. pneumoniae #2.

Key: a, DT433 (60Mdal); b, DT77 (38 Mdal)
c, DT369 (23 Mdal);
d, DT370 (5.5 Mdal), e, E. coll #1840;
f-h, anaerogenic variants of E. col! #1840;
i, E. colf ATCC 1177S; j, K. pneumoniae #2.
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, {
chlorate resistance under anaerobic conditions as a

selective marker, 95 gas negative v;rian;s were isolated
from meat and NB samples 1noculated with E, col | #1840 with
and without lactxc acxd bacteria. All variants were negatxce
for gas production from lactose ‘when incubated at 35°C for -
48 h in LY broth. Al variants were\égs negative, including
those originally isolated from COlonfé§ on VRB plates,'
however they were able to ferment lactoge on MacConkey ag?rA>
In addition, all variants were able to‘%tilize 9alacto§e"aé
a . sole source of carbon, which was dehohsérated bfvgrowﬁh on
aerobiCAlly incubated minimal~salts~galéctose agar.' A

All"arxants were negative for formate dehydrogenase
and nltratgpreductase activity when grown on G N agar.
However, one variant isolated from a meat sample (inoculated
with £. coli #1840 and lactic acid bacter%a) was abie to
.}evert to the wild-type phenotype in both enzymé:systems
when grown on agar containing elevated levels of molybdate
(10-* M).' Thus '1 out of 98 variants (1%) displayed the
'characterisiics'of a chlD mutant, while the other 97 are
either chlA or chlB mutations.

’Using chlorate resistance as a selection tgchnique,
four variants of E. col i ATCC 11775 were isolated from a
stock culture slant. Of.theée, one disvplayed the
characteristics of a ch1b mutant, while the other ihree were

either chlA or chlB mutations. All variants had lost the

ability to produce gés.
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»':“ ,st.‘ D1SCUSSION AND cpncwsx()ns
This study was done to determJne the effect of
refrigerated storage of vacuum paciaged fresh meat on thé
detection of coliform bacteria, in‘papticular, det;ction of
E. colj by the MPN technique at el#vated incubation
‘temperatures. Vaéuum or "tight" péckéging of wnole;ale meat
cuts in gas impermeable wraps has pgoven to be anyeffective
method of extending the shelf life of fresh beef during
. . refrigerated storage, by limitin? the growth of aerobic
spoilage bacteria such as psychrqtrophic pseudomonads and B,
thermosphacta (Roth and Clark, 1972; Pierson, Collins~

Thompson and Ordal, 1970) . Vacuuh packaging (VP) also allows

for larger, centralized packing

pldnt operations which are
mo;e_efficient, economic%l and jhich may produce a‘produét
of higher microbiological quality (Shoup and Oblinger,
1976). [

E. coli is considered to be the most valid indicétor of
unsanitary handling of raw mea£s, because of its specificity
to the enteral environment. The applicability of E, colf as
an indicator of unsanitary handling of raw meats has been
“challenged becéusevof its ability to grow in meat. If,
however, faw meats are vacuum packaged and stored at
refrigerated temperhturés of 4°C.or below, further-‘
contaminatioﬁ and growth of E. col/ should not occur. The E.
cbli'¥oad of the meat, therefore, should reflect ‘the
sanitary condition (handliné) in which the meat was preparéd

| '

as wholesale cuts.

i
4
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various members of the family Enterobacter |aceae, A

including some coliform bacteria, are able to grow below 4°C
and may constitute a significant portion of the microflora
of VP_ESQt afterjextended’storage (anigéorgiS, 1985). In a
study of Enterobacteriaceae at different stages of the
meatfproceséing chain, Stiles and Ng (1981b) detected E, \
col/ type 1 and S, ]fquefaciens in meats at all stages of
the system. Enterobacter agglomerans and S, ]iquefaclens

.. . were the predominant Enterobactéhiaceae at the retail level.
Therefore, in raw meat systems; it is important to distin-
guish between E, col/ énd other coliform’ bacteria.’

In the 1970's standards for E. colf in ground beef were
proposed in Canada’énd were actually iﬁplemented in soﬁe of
the United States (éoepfert,,1976;‘Pivnick et al., 1976).
The nécessity and validity of standards for E. col/ in
ground beef have been guestioned (Goepfert, ]976; Tompkin,
1983), and in C;nada standards were never implemented.
However, standards for E. coli in raw gfoqnd beef may still

be useful for quality control monitoring at industry and

wholesale levels.

The MPN technique-is accepted for the detection of
coiifor& baéteria in meats (HPB, 1974). Although the method
is very ﬁensitive} it is laborious and réquires further

" testing for confirmation of faécal coliform bacteria or E.
coli biotype I. Reports have indicated that direct plating .
. techhiques are preferred to £he MPN technique, because of.

\  lower variability and shorter. testing time (Rayman et al.,



1979; Rayman and Aris, 1981). However, plating‘techniques
‘are only useful when levels of bacterxa are greater than 10
or 100 CFU/g, There have also been many proposals for dxrecn
incubation of MPN tests ;t elevated‘temperatures as a rhpid
alternative for determining £, coli in foods. Stﬁles and Ng
(1980) demonstrated that this gave unreliable geég}ts for

detection of E, colf in meats .

In this study, the relxabxlxty of MPN counts in Ed

t

broth xncubaned at 45°C differed markedly bepween ‘\\
A ‘
1 \ r

experiments. Although many factors were evalhafed the' |
varlabxllty of the MPN counts could best bé‘explalned b§
dxfferences in the inherent background mlcroflora Because
meat is a biological system in which both cheﬁxcal and
microbiological changes are occurring, it-is impossible‘tq
. eliminate all of the incidental factors. In an attempt‘to
control the background microflora of the meats, with minimal
changes ih chemical properties; eamples were ipradiafed with
a low dose of y-irradiation (ca. 300 Krad). This was
effective in reducing the background population to close‘tb'
1 x‘102 C%U/g in all but one of the trials,(Taple.4.4). |
Reports;have indicated a possibie secondary
bactericidal‘effect from radiolytic producps,in irradiated
,media.-Dickson and Maxcy (1984) showed:thae radiation end
products;ceuld inhibit some organisms on experiﬁental media
containing very'ldw nutrient cOncentratibns However, no

inhibition could be detected when E. coll was 1ncubated at

5°C on the surface of meat 1rrad1ated w1th doses up to 1, 500



Krad. This indicates that levéls of irradiation used in this
stday should not have a deleterious effect on the test

organisms. ‘
. &

The different patterns observed in the growth of tne‘»
aQVeneitious microflora eqnld possibily bE‘explained by
differences inlthe initial microflora of the meats. In
irradiated meats, é:micnoflora that is partigﬁlarly?.‘
resistant to irradiation might nog‘have a long lag phase. In
the pfesence of a slowef growing background population,
consistent MPN results were.observed,‘whereas a rapidly
increasing background population seemed'to_correiate with C
increased variabilzky of the MPN results. ’ |

In a vacuum package respiration of tne meat and
metabolism of the inherent micrpbial flora reduces the

. ! ' A ’ B
oxygen tension, and increases the concentration of carbon
d10x1dé within the package (Ingram, 1962) Growth of the
: a@rob1c spoxlage flora is generally 1nh1b1ted and a lactlcagf
acid population usually predon&nates_(Roth and Clark, 1972).
It is generally aceepted that total counts in aerobicaily
packaged ground beef can reach levels of >109 CFU/g.

,

However l1n vacuum packagedmfresh meats,\kne total bacterlal
poéulation increases at a slower rate and éoes not attaln

the levels feached in aerobically packaged meat stored at _ 
the same temperagure (Erichsen and Molin, 1981;~Pierson et
al., 1970).‘in>6his'study, the‘maxinum population of

bacteria achieved 'in irradiated meat 'was approximately 1 x

107 CFU/g, while levels in unir;adiatéd.meat reached 1 x 108
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' o
! J
CFU/g. It is assumed that the higher total counts in the

“

unirradiated meat were due to'the non-lactic spoilage
microflora.

In this study, in unirradiated meat, lactic acid

N

' bacteria predominated the microflora after 6 days. Counts of

all other bacterial parameters also increased, although at a
lower rate. Other investigators have reported findings which
both contradict and confirm this observation. Pierson et al.

(1970) did not detect growth of pseudomonads in VP meats. In

| fact, counts of B, thermosphacta and "gram negative/qxidase

negative‘bacteriaf|actually declined. Roth and Clark (1972)
and Foeéeding, Nauhann and Stringer (2983) did not detect a
change in the numbers of either pseudomonadé or B. .

thermosphécta during storage of VP beef. However,, Dainty et

al. (1979) found that levels of B. thermosphacta and gram

.negatlve bacterla s;eadlly increased over the fxrst 2 weeks
of storage. Sutherlaﬂﬁ Patterson and Murray (1975) :eported‘

" similar results. Contradictions in the literature may.be due

to differences in microbial flora at the time of packagihg
or to the use of d1fferent selective medxa, espec1ally in
the caSe of the pseudomonads. |

e,

Irradiation was effective in reductibn‘of‘all bacterial

parameters'teSted‘exéept for'the lactic acid bacteria. After

1rradlatlon the predom1nant organ1sms rema1n1ng 1n the

meats grew on MRS(S 6) agar and they were aifm‘p051t1ve

copcus—shaped.organisms. This differs from the report of . !

Welsh and Maxcy (1975) who found thét"fhe-residual o o
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microflora after irradiation of ground meat was predomlnant~
ly gram negatxve coccobacilli which they classxfxed as
Moraxel ]l a spp "In contrast, Wolin, Evans and Niven (1957)
reported that B. thermosphacta became the dominant organism
after exposure of meat to low levels of irradiation. All
1solates from thzs study could be distinguished from both
-Moraxella Spp. and B. thermosphacta by their growth §
conditions,.gram.stain\and catalase,reaction (Buchanan and
Gibbong, 1974;,Kfieg,'1984a) and they could be loosely
classified as‘iactic acid bacteria. In most reports, it is
claimed that the lactic acfd baoteria developing in VP meats
are largely lactobaoilli'(Pierson’et’a] ,y1970; Roth and
Clark, 1972)‘ however, Foegedlng,ét al. (1983) found that

the majorlty Qf lactxo acxd bacterla xsoﬁated from! VP meats

1\

1

were coccus-shaped bacterxa.

{
!

Lartic acid bacteria are knoun to‘have an inhibitory
effect on the growth of many othef microbes and as ad
consequence théy frequently dominate the microflora‘of a
food (Hucst 1973). The inhibitory effects of the lactic
aciad bacterfa .are thought to be due to the productlon of
l:ctlc acid, ant1m1crob1al substances and hydrogen peroxlde
(Hurst 1973} Nassos, Kxng and Stafford 1985) The
deveﬁgpment of gram negatxve sp01lage ba:ter1a in ground
beef 'stored aeroblcally at 7 c was ‘shown to be 1nh1b1ted by
. the add1t1on of‘hlgh levels of' a m1xed*culture of
Stneptococcus Iactis and Streptococcus citrovorum (Reddy,

" Henrickson and Olson, 1970 Reddy and Chen, 1975) G11111and

a



o

- e
and épeck (1975) aléo reported an inhlbition of the spollage‘
microflora of ground beef when it was inoculated Wlth high
levels (1 x10? CFU/g) of lactobac1111 and Pedxococcx.
Specxesqbf Serratia and Entenobacten isolated from meats
weife shown nplbe,inhibited on plating nedia by a variety of
.1actlc acid bacteria kDupois‘et al., 1979). Members:o;mthe
genus Streptococcus wére‘particulaqu inhibitory. Although
'strains of £, bolf‘we:ernpt tested ny'ﬁhese aUthors,‘ig is

possible that E. Cblj would also be affected in the same

R ”

“manner. . ¢ )
When'laetic acidkbacterie were added with E. col/ to NB
there was a striking effect on the viabilit?‘ﬁf E. colf;
After 14 days-@ﬁ»storage in NB at '4°C the number of E. COII
‘was reduced to '<10 CFU/g. This- effect could not be |
attributed to the prodnction ef acid because the pH of the
NB did'not Emange during the course of‘nhe‘experiment. In
the meat, {ne addiiion of lactic acid baeteria'did not
result in'a decreese in v1ab111ty of the test straln of E.
coli. However, it is poss1ble to :peculate that the
lantagenietic effects were manlfested 1& injury of the
cells resultxng in 1ncreased sensxt1v1ty of E. Coli to

I
dxrect 1ncubat10n at. 45 C.

A ma]or observatlon 1n this study was the reproduc-
ab111ty of ‘the plate counts of E coli stored in 1rradlated
'meat when determlned on select1ve grqwth medla and incubated

*at ‘both- 35 and 45°C. For plate\cgunts‘of unirradiated meats

‘determined at’3S°C,‘fesults'are ﬁnsatisfactbny because of
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jnterference, even on selective uedia, from the background&p
microflora. In fresh médats E. coll bxotype I may make up
only 10% of the coleorm colonjes’ isolated from VRB
1ncubated at 35° C (P;erson, Emswrler and Kotula, 11978). At
45°C, vall medxa are more specxflc for E. coll. However, this
\
temperature is close to the maximum for growth of the E.
colf organisms,hso that, extremely.accurate'temperature
control is necessary during incubation. At incubation
temperatures sllghtly aboue 45°C variable colony sizes of
the E. coll organxsmshoccurred. This was often to the extent
that, they'would not be considered “typical" E. coli or l
faecal coleorm bacterxa in' terms of the standard def;n:txon
and would, therefore, give rise'to erroneous ‘results. The
éata indicated-that‘the decreased colony size was not'
attributable to cold injury, because colonies of unahilled
E. coll gave the'same response. This. phenémenon may;be even
more significant in the natural situation hecause“%f~the

presénce of mxxed strains of E coll and th'1r dlfferent

‘Injury of E. colf to growth on select1v

: obServed in the ground meat‘exper1ments.:However during

storage in NB w1th or w;thout added 1act1c ac1d bacterla,
injury on both VRB and TBA occurred S1nce 1njury occurred

to the same extent in the presence or absence of lactxc ac1d

bacter1a, the effect ‘may be attrlbuted to cold storage

rather than the compet1ng m1croflora. Dxfferences 1n

’v1ab111ty and’ 1n)ury of E coli noted in- NB ‘as opposed to

‘'media was not °

\
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meat suggest that studxes of bacterxal injury in broths may
not be dxrectly applxcxable ‘to . food systems Wheas possxble,
such studxes should be conducted/&n foods. o

There are many reports of/éifferenées in MPN counts

that have been attributed to gtowth of F£. coll without gas

/

' /
‘production. This phenomenon was peported for E. COII grown

at both 35 and 45° C, howeter it was more pronounced at -45° C
(Andefson et al., 1980; Meadows, Anderson and Patel ‘1980a)
Thés’ef}ect is most oftéh obserued 39 media that,are not
'bufﬁered‘(Hajna 1937' Anderson‘et alﬂ,\l9§9~ Meadous etr
al .;'1980b) Effects are xncreaSed when more than one
selectxve factor, 1s used such as the, comblnatxon of chemical
‘inhibitors andve}evated xncubatxon temperature (Meadows et
- a7,,.1980a). In/this study,-ldwer MPN eounts‘at'45°c wete

due to the ahsencevoﬁ growth, rather'thanfgfowth without gas
production//&his may be explained in either of two ways- '
only a port1on of the E. coli populatxon 1s able to 1n1txatey
growth aé elevated temperatures or greater than’ one cell
per tuﬁe is tequ1red to 1h1t1ate gtowth. Cultures generally.
grew/égrmally on plating media at 45°C theréfore it would
‘seem that the latter suggestion is more appl1cab1e to these
data. It is not uncommon for a selectlve medium to support

growth when heavy 1nocu1at10ns are made, such as the-

-// 1noculat10n of.loops-from slants or overnight broth :

/
/

I cultures. These same broths may‘be inhibitory when only a

few cells are inoculated,
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The xmportance of media seleq‘1on was also demonstrated
in that LST broth incubated at 35 C, followed by incubation

in EC broth at 45°C, gave counts equivalent to the plate

count's. I noculation of EC broth incubated at 35°C gave

|
n

- reduced MPN counts by as much as 1.5 log cycles compared
with plate counts, It theﬂEfore appears that EC broth does
not support initiation of.grovth at 35°C as well as LST
broth. Meadows et al, (1980a) showed that lower counts in EC
‘broth‘at elevated temperatures were due to a combination
effect of'bile salts and elevated temperatures. %hey
observed higher countsdof E. col| in EC~ broth at elevated
temperatures. However invthis study, although higher counts
were recorded in EC" broth than in‘EC‘broth‘at 55°C, at 45°C
identical counts were obtazne in EC and EC" broths. This
suggests that blle salts wer the cause of lower counts at
35° C, but they did not necessarily have an effect at 45 C.
Permanentugas negative variants were isolated among E£.
col | #1840 colonies‘growinggon‘VRB afteristorage ln Nﬁ at
4°C. These variants were also nitrate reductase negative.
This enabled other gas neéative variants to be isolated from
meat and Nﬁ stored at 4°C uSing the chlorate.resistance
technlque. The fact that equal levels of varlants were found
in NB and meat 1nd1cated that the orlglnal culture
>1noculated into the sample m1ght have contalned the Chl
"mutants; It would seem de51rable to study the 1nc1dence of

these organisms throughout storage in NB and meats before

"'the pract1cal 51gn1f1cance of this observatlon can be
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. determined. ,
From these studies 1£ is difffcult to conclude whether
there was an effect of cold storage on the . rellabAlxty of
the MPN coupnts for E col | at elevated temperatures because
of the great varxabllzty Observed between trials. This 'study

TR

confirmed that £, col/ ip VP meats at refrxgerated
. temperatures do not die and do not become injured for growth -
on selecaive plating media, such as VRB apd TBA, or to
growth‘in broths used fbf standard MPN tecbniqueé. The use
of EC brothvinoubated at 35°C o;rthehuse of EC.or LST broth
at 46°C cannot be recommended as alternatlve ee%txng

. ‘procedures to the standard MPN technlque In dgveloplng
mOd}fxed or rapid methods for detection of E. coll or, faecal
col@form bacteriavin meats, particniar attention should be
given to the effeets of the inherent backg?ound microflora’
on the reliability of detectlon and to tbe prec1;e control
of incqubation temperatures.

Further studles arlslng out of this research should be

/
dlrected toward the effects of added lactic acid bacterxa to ¢

meats gggg a low background micro Jora, the chartacterization
I L .\ // ' “

A of the lactic acid bacteria isolated in this étudy and the
\
antagon1st1c property(1es) tbey ex1b1t toward.E. colj when

" stored rquB as.opposed to meat. It would also be
appropriate'to determine the effect of storageyof meats on
"the appearance‘ofnchlorate"resistant mutapts, To'this time,
' : N ..

thebappearance of anaerogenic variants in meats and water

have been detected by chance isolation and observa&idﬁ.
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Screening for mutants lacking a functional formic-
hydrogenlyase system using a technique such as that

described by Mandrand-Berthelot et al, (]978) should allow

for easy detection and quantification of |anaerogenic

variants occurring upon refrigerated storage in meats.
Although techniques are now available to test for a
wide variety of pathogens in foods i£ is unlikely that it
will ever become practical to do so. Distribution of
pathogens in foods is generally uneven and isolation £ rom
the abundance of other food o;ganlsms is dxtflcult. Apart
from the classical enteric pathogens, such as specxes of
Shigella and Salmonella, many other potentlally harmful
organisms may also be spread by ﬁoods. Testing a food lot
for all potential pathogens is, therefore unrealistic. For
these reasons indicator organisms will continue ta be used
to mopitor the safety aﬁd guality of food‘products. E. coli
appears to be the most .reliable indiéatér for raw meats.
Despite-the fact that nearly 10% of £. colf strains are |
la;e or non- lactose fermenters ;na others may be
anaerogenic, the aerogenlc lactose‘pos1t1ve phenotype
remains ﬁhe basis of the majority-of tests used to identify
coliform”orgénisms and E. cofi iﬁ food and water. This is a
problem 1nﬁerent in the deflnxtxon of a coleorm organism,

however, it is hxghly unlik that a phenotype that is

1nclus1ve of and excluszve o E. coli will éver be found. -

6','
. '
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