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ABSTRACT

- The effect of refrigeration and freez1ng on 5urv1val of
Escherichia coli and'KIeDSIeIIa pnheumoniae (sensu Iato)
stored in different suspending media (broths)ﬁgt 10, 4 and
~-16°C and in‘groﬁnd beef at 4, -16 and -40°C, was sthdied.
In the broth media, survival of the test cultures was
greater at‘10 and 4°C than at -16°C. Death of up to 4 log
cyc.=s (99,99 percent)ﬂof‘the cells occuqigd in 10% Tryptic
Soy Bfoth and Nutrient Broth at -16°C. In contrast, survival
of the test cultures in ground beef was greater at -16 and
-40°C than at 4°C. Several factors which may have |
contributed to the observed decreases in the population we:é
eiamiped. These inciudeé changes in biochemical character-
istics, the influence of different pH levels 2nd the
influence o1 a competitive meat microflora. |

Tests based on the ability of coliforms and faecal

coliforms to ferﬁent lactose with pfoduction -f gas, and to
producg indole from tryptophan at 35 and 44.5°C wé;e |
performed to determine whether changes in biochemical
characteristics occurred as 5 result -of low temperature
storage. No permanent variants were obtained that were
negative for these characteristics. However, some permanent
variants wvere obtained that were negat}ve for the productxon
of gas from lactose fermentation or the production of indole
from t*yptophan at different maximum temperatures. There
were no marked effects on ‘the surv:val of the test cultures

that could be attr1buted to pH, a competltxve aerobic or an

i



anaerobic microflora.

From these observétions, it appeared thaf E. coli and
K. pneumoniae (sensu lato) died &5 a result of storage
-temperaturg and time, and not as a resuit of‘pH or a
qompetitixe ﬁeat microflora. These observations have
important impligations for the fo?d,industry and the use of
either E. coli or K. pneumoniae {sensu Jato) as indicatérs
of}unsanitary conditions 1in meats.
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\ 1. INTRODUCTION
' .
#The aim of the food industry is to provide the consumer

3
= &

with a supply of food that is of sound sanitary quality;

t

hat is, free from pathogenic microorganisms.
Most food poisoning outbreaks in Canada, the United

States and Europe are caused by Staphylococcus aureus,

‘Salmonella spp., and Clostridium perfringens. (Buttiaux &

Mossel, 1961; Miskimin et al., 1976; Todd, 1978). There are

~difficulties associated with the routine examination of food

for pathogenic microorganisms. Pathogens may occur in low
numbers in contaminated food‘and may be unevenly
distributed, therebv making them difficult to isolate. Other
harmful organisms, Ii.luding viruses and intestinal
parasites can be present in foods. Reliable hethods for
their detection may not be available to the food
microbiologist, or they may be too complex for routine
examination (Buﬁtiau# & Mossel, 1961; ICMSF; 1978).

It was necessary, therefore, to find\methods which
would detect'énd help control the spread ofbfood—borne
pathogens. Microbiological methods which werexproven to be
;f value in non-food systems, such as water, were adapted
for use in foods, sometimes with guestiona>le success
(MiSkimin’et al., 1976). These methods included the use of
"indicater" organisms. The basis for using indicator
organisms was to reveal unsanitary practices, for example,
temperature abuse, which contribute to deterioration.in food

quality, and to reveal conditions indicative of a potential

X



health hazard (ICMSF, 1978). The indicator organisms most
commonly used afe the coliform bacteria (especially the
faecal coliforms), E. coli, C. perfringens and Léncefield
group D étrep;ococci which are loosely referred to as
"faecal streptococci" (Buttiaux & Mossel, 1961; .ICMSF, 1978;
Kott, 1977). Other indicator organisms occasiohally used
tnclude S. aureus, plaque-forming enteroviruses and
coliphage (ICMSF, 1978; Pipes, 1982).

Research dealing with indicator organisms and their use
in the detection of contamination of foods focuses mainly on
contamination by enteric pathogens (that is, faecal
contamination), the’most important of which are Salmonellé‘
~ and Shigella. The idea is that if indicator organisms of the
same family and siyilar habitat and characteristics are
.absent from foods, then it is reasonable to assume that
pathogenic‘ofganisms are also absent (Buttiaux & Mossel,
1961; ICMSF, 1978). An indicator organism of faecal
contamination may Best be defined (Kott, 1977) as:

....a biotype that is prevalent in sewage and

excreted by humans or warm-blooded animals. In

addition, the indicator should be present in

greater abundance than pathogenic bacteria,

incapable of proliferation - or at least not more

capable than enteric bacteria, more resistant to

various disinfectants than the pathogenic bacteria,

and quantifiable by simple and rapid laboratory

procedures. \
\

Of the known indicator éyganisms, the coliform bacteria
and E. coli are considered to"be‘most suitable and are the
most commonly accepted indicators (Ke* 1977). The

inadequacies of the other indicator 3ms are seen in



their low recovery rates and poor enumeration methods
(Evans, 1977; ICMSF, 1978; Niyen, 1963).
| The coliform bacteria are.
I

..... aerobic and facultative anaerobic,

gram-negative, nongpore-forming, rod-shaped

bacteria which ferment lactose with gas .ormation

within 48 hr at 35 C (Greenberg et al., 1981).

‘They include members of the family Enterobac;eriaceae such
as species of‘fscherichia, Klebsiella, Enterobacter and
Citrobacter. Of these four bacteria, only E. coli is
considered to be an exclusive inhabitant‘of the intestinal
tract. Klet‘:'éliell'a, Enterobacter and Citrobacter also occur
in the intestines, but in much lower numbers. They are also
widely distributed elsewhere in the environment; for
example, on vegetation and in soils (Buttiaux & Mossel,
1961); In studies on the distribution of these "coliform"”
bacteria in human faeces (Dufour, 1977), it was found that
E. coli represented 96.8 percent of isolates, Klebsiella
spp.. 1.5 percent and the Enterobacter-Citrobacter group 1.7
percent of the isolates. -

The coliform bacteria have been divided into faecal and
non-faecal types. The coliforms of probable faecal origin
are those that ferment lactose with gas proauétion at ¢
44-45.5+0.2°C within 48 hours (ICMSF, 1978). Two genera fall
into this category, Eséherichia and Klebsiella. The
fermentation of lactose with gas production at elevated

temperatures is the only known characteristic used to

distinguish between faecal and non-faecal coliforms.

4



However, it 1is an erbitrary definition, since some members
of the coliform group may be isolated from non-faecal
sources end sfill‘possess the ability to ferment lactose
with gas production at 44-45.5°C. Most emphasis has.been
placed on faecal coliform bacteria as indicaters of
unsanitary conditions; however, non-faecal'coliforms may
also be useful as indicator organisms. Non-faecal coliforms
make up about a third of the coliform bacteria present in
raw sewage (Dufour, 1977), thefefore, they may indicate
contamination by raw sewage or untreated water, so that
their presence in food and water may also be of sanitary
significance.

E. coli does not proliferate in water, in fact it dies.
Therefore, the presence of even one faecal celifprm in 100
ml of untreated water is considered to be significant by
public health authorities. Treated water should not contain
coliform bacteria. The sensitivity of the celiferm-bacteria
to bactericidal agents is similar to fh;t of the potential
pathogens, Salmonella and'ShigeIIa (Buteiaux'&‘MOSSel,'
1961). The same significance cannot be applied tolgoliform
bacteria in foods. In fact, coliform bacteria may form part
of the natural flora of foods sutch as vegetables and raw
meats fButtiaux & Mossel, 1961; Geldreich et al., 19§4;
Remingfon & Schimpff, H981; Wright et al., 1976). Patterson
and Woodburn (1980) reported total coliform bacterial counts
on alfalfa and bean spfouts of 3.2 x 10¢ and 1.9 x 10¢

cfu/qg, respectively. The majority of the isolates were

PR



Klebsiella pneamniae__(éenw lato). Other researchers have
also reported the associarion of coliform bacteria with the
botanxcal env1ronment (Brown & Seidler, 1973; Cooke et al.,
1980; Kmttel et al., 1977) -

Raw meats cohrain E. coli and other coliform bacteria,

. . ) I3 . ’ 3 . 2
even with good processing practices. A major source of meat

contamination by coliform bacteria is usually the hide of

animals during pr&cessing (Newton et al., 1977). Meat

supports the growth ofDE._CoIi and other coiiform bacteria
wﬁen Storedrimpropgrly. A high coliform count ip raw meat,
therefore, may not be ;:reliable indicator»of sanitary
quality. Furthermore, the ability of coiiform bacferia to
grow inxmeat57con;ravenes Kott's definition of an indi¢ator
organlsm.fv’ . R

. The use of Klebsiella spp., iﬁ'particular K.

pneumoniae, as indicators of unsanitary conditions was

fsuggested by Bagley and Seidler (1977). However, the use of

&

K. pnéumoniée as a faecal indicator has been challenged, :
gincé,,uniike_E. coli, it is ubiquitous and not restricted
to the intesti;al tract.: Nevertheless the follbwing points
about K. pneumonlae should be considered. Sixteen percent of
env1ronmenta1 1solates and 85 percent of known pathogenic K
pneumonlae had biochemical characteristics indicating that

they were faecal coliforms (Bagley and Seidler’, 1977). This

suggests that isolates from both clinical and environmental

sources may have once been from a common (probably faecal)

crigin. Several authors have reported that environmental



isolates are phenotypically and serologically
indistinguishable from isolates associated‘with human and
-animal infections (Rennie and Duncan, 1974). The sanitéry
significance of these organisms, therefore, regardless of
their origin, should not be heglected.v

The occurrence of Enterobécteriaéeae in raw meats and
their significance at different stages of the meat handling
process Qas studied by Stiles and Ng (1981). They observed
that E. coli biotype I, K. pneunbniaé and Serratia
Ifquefaciens were the dominant Enterobacteriaceae isolated
from the raw meat handling areas of packing plants.-Analysis
of raw meats at retail level, before hapdling by butchers,
shfowed that the dominant Enterobaéteriaéeae had.changed to
S. ligquefaciens, Enter'obacter' agglomerans and E. coli I. K.
pneumoniaevwas identified as a minor isolate. The
conclusions that were drawn from these observations were:
(i) the frequent occurrence of £. coli biotype I in raw meat
such as ground, beef at both packing plant and rétail levels
limﬁts the value of this organism as an indicator of
sanitary conditions of meat; (ii) infrequent isolaﬁion of K.
pneumoniaé at retail level suggests the possibility that
this organism has a short survivai time in meats, so that
its presence at retail level could indicate recent

contamimation.



I1. OBJECTIVES

(1) To determine the survival of K. pneumoniaé and E.
coli in (a) liquid laboratory media and (b).ground beef at
low storage temperatures.

(ii) To determine whether phenotypic changes occur as a
result of low temperature'storage. |

(iii) To determine whether pH and indigenous meat
microflora influence survival of K. pneumoﬁiaé‘and'E. col i

at low temperatures.



"1I1. REVIEW OF THE LITERATURE._
A. The Genus Klebsiella

Taxonomy
The present definition of the genus Klebsiella
according to the 8th edition of Bergey's Manual of

Determinative Bacteriology (Buchanan & Gibbons, 1975) is as
follows: g
' !

Non-motile, capsulated rods, 0.3-1.5 um by 0.6-6.0 .
um, arranged singly, in pairs or short chains., Grow
on meat extract media producing more-or-less
dome-shaped., glistening colonies of varying degrees
of stickiness, depending on the straln and the
.composition of the medium.

No special growth requ1rements and most
strains can use citrate and glucose as sole C
source, and ammonia as N source. Glucose is‘
fermented with the production of acid and gas (more
CO, than H;), but ana?rogenic strains occur. Most
strains produce 2,3-butanediol as a major end
product of the fermentatlon of glucose and the V.P,
reaction is usually positive; lactic, acetic and
formic acids are formed in smaller amounts and
ethanol in larger amounts than in a mixed acid
fermentation. H,S is not produced from TSI;
gelatinase and indole are usually not produced.

Optimal temperature for growth 35-37 C;
optimal pH about 7.2.

- This definition is the result of many years of research
on this very adaptable organism. At presént, Bergey's Manual

(Buchanan & Gibbons, 1875) recognises three species: K.

- pneumoniae, K. rhinoscleromatis and K. ozaenae. The latter

two species have definite characteristics which allow them
to be readily identified. K. pneumoniae has less definite

cha;acteristics which has made its classification more -



difficglt..lt was first isolated by Friedlander in 1883
(Hay, i932). It was recovered from patients suffering from
pneumonia and described as a capsulatéd bacillus. Thrs led
the way to the discovery of other capsulated Bacilli from
pathologictal lesions and a wide range of other environments.
However, these organiéms were not identicél ih’every respect
with Friedlander's bacillus, and consequently, théy were
givén different names (Perkins, 1904). As a result a large
variety of names was .used for virtually the same organism.
In 1896, Fricke gathered all of these organisms- into one
group that was called Bacillus mucosus capsulatus (Hay,
1932). | '
Ohe_organism which researchers were reluctant to
include in this group was Bacillus lactfs aerogenes, because
when 1it Qés.ﬁirst isolated by Escherich in 1886, he
emphasized its gimilarity to B. coli (now known as
Escherichia coli), and as a result, its similarities to
'Fried}énder's:bacillus_went unnoticed (Hay, 1932).

- -Perkins (f904)‘classified the B. mucosus Capsulatuémz
group aCcogding to certain biochemical reactions, as |
follows:

‘1. Bacterium aerogenes - fermented degtrosé,-lactoée
and saccharose with gas formatién. |

2. Bacterium pneumonicum (Friedlander's bacillus) -
»

fermented dextrose and saccharose but not lactose with gas

formation.
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3. Bacterium acidi lactici - fermented dextrose and
lactose but not saccharose with gas formation.

Perkins (1904) also noted that the third group, B.:

- acidi lactici, was generally called B. aerogenes. Later B.

anrogenes was. described as the type culture for B. mucosus

capsulatus; the other two organisms were ‘variants which had
lost the ability to ferment certain carbohydrates (Perkins,
1907).

For many years, B. aerogenes and Friedlander's bacillus
were classified separately. During this time, B. aerogenes
became known variously as Aerobacter aerogenes, B. lactis
aerogenes, B. pneumoniae (Buchanan & Gibbons, 1975). Over
the years, researchers endeavoured to define the
relationship between B. aerogenes and Friedlander's
bacillus. One *of the first studies was done by Edwards
(1929). The characteristics he used to compare the two
organisms included biochemical, fermentative and sefblogical
reactions. Based on his observations, Edwards (1929)
concluded that:

The organisms .... received from various sources

labelled Friedlander bacilli cannot be

distinguished from Bact. aerogenes and other

members of the encapsulated group.... Bact.

‘aerogenes is so closf€ly related to the other

encapsulated forms that they should be classified

in the same genus. No constant differences have

been” observed which could be used to separate the

organisms into two or more species.

; N ‘ ,
Later, in support of Edwards (1929), non-motile strains

of A. aerogenes and Friedlander's bacillus were combined

into the Klebsiella group, while motile Aerobacter spp.'were

<



renamed Enterobacter aerogenes and E. cloacae (Edwards and
Ewing, 1962).

Research ,[favouring the separate classification of A.v
aerogenes and Friedlander's bacillus goeg as far back as the
early 1930s. Hay (1932) reported that, within the B. mucosus
capsulatus group, there were serologi;al differences between
faecal and respiratory tract ;solates. As a result, she
described two types: faecal (B. Jactis aerogenes) and
non-faecal (Friedlander's baéillus).

In support of Hay (1932), Duguid (1959) reported that
‘A. aerogénes was fimbriate while Klebsiell- spp. were not.
Based on fimbriation and certain biochemical.reactions,
&Cowan et al. (1960) proposed the following division of the
genus Klebsiella: K. pneumoniae, the type species; K.
aenogenéé, formerly A. aerogenes; K. rhinoscleromatis; K.

ozaenae; K. edwardsii var. edwardsii and var atlantae. This

S

classification was confirmed by S$lopek and Durlakowa (#967),
with only slight variations. They concluded that the two .
varieties, K. edwaﬁdsii‘var edwardsii and var atlantae were
similar to K. aerogenes and K. pnedmoniae, respectively and
differed only Qith respect to fimbriation. Therefore, they
pfdposed that the varieties K. edwardsii and K. atlantae Be
’subspecies of K. aerogenes and K. pnéumoniae, respectively
and renamed them K. aerogenes var edwardsii and K.

pneumon i ae vd@_at]antae.»

Within the Klebsiella group, there are a‘number of

cultures that liquefy gelatin and produce indolé.,K. oxytoca‘
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was first described by Flugge in 1885 and was named Bacillus
\oxytocus perniosus. The term Bacterium oxytocur (Flugge) was
later introduced by Migula in 1900. B. oxyrocum was first
1solated from sta’e milk and classified with B. co/i ané B.
lactis aegqgenes (Lautrop, 1956). MacConkey (190¢) described
thiS‘Organ;sm in considerable detail. It fermented all the
sugars he used-in his study, it was positive Icr 1indcile
production, non-motile and positive for the Voges-Proskauer
test. It also liquefigd gelatin slowly, taking as long as
eight to twelve months to l‘duefy half an inchAcf the
medium. Because this charac-er.stic couldrnot be read:ily
used as a distinguishing fea-ure. this orgaqism could be
lncorrectly identified unless othef differentiating tests .
were incluaed. |

Many researchers isolated rletsiella-type organisms
from a variety of sources and descriced them as being
distinct from, but related to the Klednsiella group. Constant
reference to these ofganisms in the literature 1s evidence
of the frequency of their occurrence. The difficulty'
associated with inclusion of Othocum strains in the
Klebsiella group is well recorded. Some strains are indole
and gélatin pqsiti&e while others are indole positive and
gelatin negative. Brooke (1951b) and Kauffman (1956)
considered the indole and gelatin positive sfrains as
belonging to the Klebsiella group, while Edwards and Sife
(1955) included only the gelatin negative sﬁrains in the

Klebsiefla group. @rskov et al. (1956) proposed that the
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name K. Oxytoca be used for indole and gelatin positive

strains. However, Klebsiella capsule types were established

"£or both geliatin posi:ive‘aﬁainegative strains (Hugh, 1359).
Several author sugges:ea that K. oxytéca should be

ced in a separate taxonomic unit, within the family

'y
[
o1}

Enterobacteriaceae (Cowan er ail., 1960; Hugh, 1959; Lautrop,
185¢). This was a.lsc proposed by the Subcommittee for
Enterobacteriaceae Taxonomy (Kaluzewski, 1967). Kaluzewski
(1967) supportec the separatic.. of K. oxytoca into its‘own

species within the genus Klepsiella. Based on his work and

that of previous authors, Kaluzewski (1876) further

....the name Klebsiella oxytoca should be applied
to.all indecle-producing strains which show other
features typical for the genus Kliebsiella, with no
respect to their capability of gelatin lique-
faction. - o

\

Contrary ﬁc this, Fife et al. ;1979) considered that the
diiferences between K. oxytoca and typical Klebsiella were
.insufficient to justify a separate species. They regarded it
as a biotype of K. pneumoniae.

The 8th editioﬂ of Bergey's Manual (Buchanan & Gibbons,.
1975) does not recognise K. oxytéca as a s%parate species,
and considers it a biotype ot K. pneumonfae. A

The nomenclature of K. pneumbniae is still not
;esolved. Two separate syséems'are still in use. Workers in
America and Weste;n Europe refer to K. pnéumoniae (sensu
lato), which includes K. aérogenes/oxytoca/edwapdsii/at—

lantae. Workers in the United Kingdom use Kh‘pneumbniae
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(Sen§u stricto) to refer to Friedlander's bacillus, a?d K.
aenogénes to refer to the K. aerogenes’ oxytoca/edwardsii/
atlantae group. This has undoubtedly led to confusion. Barr
(1877) suggested that the U.K. zdopt the usage of the term
K. pneumoniae (sensu lat:c lco irzlude K. aerogenes/oxytoca/
‘edwardsii‘atlantae/pneumonizs, and that they retain the name
K. pneumoniae (sensu stricto) for Friedlander's bacillus.

As réséarch progresses} K. oxytoca is becoming more
accepted aéla separate species. DNA-DNA hybridization (Jain
ef al., 1974) and protein electfophoresis (Goullet, 1980)
provided further evidence for the differentiation of K.
oxytoca froﬁ K. pneumoniae.

In a nﬁmerical classification study of the tribe
Klebsiellae, Bascomb et al. (1971) suggested the inclusion
of E. aerogenes in the genus Klebsiella. They proposed the
name K. mobilis nomen novum, to distinguish i; from K.

- aerogenes. A new species, K. terrigena, isolated from
ﬁnpolluted soil and dfinkiné water, has beeﬁ proposed by
Tzard et al. (1981), based on its phenotypic characters,
protein‘elgctrophoretic patterns and DNA-DNA relatedness.
They suggeéted the revision of thé genus Klebsiella as
follows; (}) K. pneumoniae, (ii) K. ozaenae, (ii1) K.
rhinoscleromatis, (iv) K. oxytoca (Fligge), (v) K. mobilis,
and (vi) K terrigena. '

!
i
I

| | °
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Serology

In an effort to resolve the taxonomic problem of the
éyebsiella group, the serology of Klebsiella has also been
invesﬁigated. The serology of the Klebsiella group 1s based ,
on Toenniessen's differentiation of the bacterial cell.into
two éompénents, the éapsule and the soma (Brooke, 1?51a).
The capsular component 1s a carbohydfate that confers type
specificity aﬁd virulence to the cell. If the capsule 1is
removed, the organism loses its type specificity. The
.'antigenic compodent bf the soma 1is a’species'gpecific
protein. Sera pFoduced by a capsule-free Friedlander's
bacillus react with all acabsular strains of the Klebsiella
species (Julianelle, 1526a).

Julianelle (1926b) described two‘v%rieties of bacterial
cells: smooth (S) forms characterized by mucoid growth in
liquid media, capsule formation, increased virulence'and
type specificity; and rough (R) forms characterized by loss
'of_cé?sule and mucoid characteristics, loss of type
specificity, reduction of virulence and species specificity.
S strains can be converted to R strains, and R colonies have
roughlénd irregular surfaces.

Kauffman (1949) discovered that the serology of
Klebsiella SpPP. involved four factors: the mucoid envelope,
the capsule, the O antigen and the R antigen. Because of the
similarity between .the mucoid, acapsular and the non-mucoid

capsular forms, he described only three of the factors: the -

capsular (K) antigern; the somatic, smooth (O) antigen; and
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the somatic, rough (R) antigen. Kauffman (1949) also noted
that the simple designations of S, R and M (mucoid)
previously used by researchers, were insufficient to
describe the different fbrms that were encountered. He

suggested the following classification:

W

1. Smooth Forms

1. MKO = mucoid, capsular with O antigen

2. KO = non-mucoid, capsular with O antigen
3. MO = mucoid, acapsular, with O antigen

%,
4. 0 = non-mucoid, acapsular with O antigen

II. Rough Forms

—

mucoid, capsular without O antigen

1. MKR = \

2. KR = non-mucoid, capsular, without O antigen
3. MR = mucoid, acapsular, without O antigen |
4, R = non-mucoid, acapsular, without O antigen

The R antigen occurred in all smooth forms, but in the
presence of fully developéa O antigens, it was masked and

' gave only a weak antigenic reaction (Rauffman, 1949).

The formation of large, muéoid, moist colonies, as a
.conseduénée'of prominent capsulé formation, is a noticeable
characteristic of the genus Klebsiella (Edwards & Ewing,
1972). Acapsular strains may be obtained by chemical or

.cultural methods. However, the use of these methods to

isolate acapsular: forms might produce rough variants of

|
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changed antigenic constitution (Edwards & Fife, 1952). It
onld also strip the organisms of their type specificity.
Therefore, for practical reasons, it is better to base
serological identification on the recognition of capsular
éntigenst This is the only method in general use today
(Edwards & Ewing, 1972). To déte, 11 somatic O ahtigens
(Buchanan & Gibbons,°1975) and182 capsular‘K antigens have
been reported. In reality, however, only 77 K antigens
exist. Five were found to be identical or very closely
related to types that already exist (@rskov & Fife-Ashbury,
1977). | '
Investigations dealing with nosocomial Klebsiella
infections have relied greatly on serotyping to,§dentify
Klebsiella strains. However, crossnreactions between strains
interfere withothe efficiency.of this method (Rennie &
Duncan, 1974). They haQe sugqested'that the combined use of
biotyping and serotyping is more helpful in subdividing
Klebsiella strains into many more distinct types than either

system used alone.

Habitat and Pathogenicity

1. Clinical Isolates

K. pneumoniae occurs normally in_fhe intestines of 20
percent of healthy humans and 30 to 4C percent of healthy
warm blooded animals (Bagley & Seidler, 1977; Campbellbet.
al., 1976). In the past, theée organisms were rarely

‘considered pathogenic; however, over the years, their

7
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frequént association with clinigal,infection has made them a
cause for concern. (@rskov, 1981),.
K. pneumoniae is known to be responsible for 2 percent
of all cases of acute bacteria; pneumonia, with a 60 to 70
'percent mortality rate attributed to antibioﬁic resistance
(Caplenas et al., 1981; Qrskov, 1981). In addition, it is an
opportunistic paéhogen, that  causes a variet§ of secondary
infections, especially in elderly, compromised or
‘postoperative patients who are receiving antibiotic therapy
(arskov, 1981). Klebsiella are most frequently isolated from
human genito-urinary tract infections but they also cause
<wany respifatory tract infections (Brown & Seidler, 1973;
Caplenas et al., 1981; Grskbv, 1981; Seidler et al., 1975).
Diseases caused by\K. pneumoniae also include bacteraemia,
osteomyelitis and meningitis (Caplenas et al., 1981). A
large percentage of the bacteraemiae may originate from
infections of the urinary tract and such cases are often
fatal (@rskov, 1981). Enterotoxigenic Klebsiella may lead to
outbreaks of diarrhoea in children. Newborn babies are
extremely susceptible to colonization by Klebsiella, because
{there is little microbial‘competition in the'intestine (Deb
et»al., 1980). In domestic animals, Klebsiella has been
identified as the primary causative agent of bovine coliform
mastitis (Bagley & Seidler, 1977) and it is recogniéed as a
serious and lethal agent of diseases (Rnittel et al., 1977).:
Multiple resistant (MR) strains of K. pneumoniae were

isolated from hospital patients with resistance to
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gentamicin, tobramycin, cephalothin, chloramphenicol and
ampicillin (Gerding et al., 1979). The large scale use of
chemotherapeutics and other antibiotics selects for
resistant organisms:.that may carry R plasmids with drug
resistant genes. Such plasmids may be transferred not dnly
among strains of the same species, but also to other species
‘Orskov, 1981). This has been demonstrated w}th the transfer
< R plaémids from MR K. pneumoniae to E. coli K-12 (Gerding
et al., 1979). They observed that even when the incidence of
new cases of MR Klebsiella infection was reduced, the rate
of isolation of non-Klebsiella antibiotic resistant Gram
negative bacilli had increased. This suggested that the
transfer of R plasmids from MR Klebsiella was responsible
for the increased isolation of these organisms, which
included the genera: Enterobacter, Proteus and Serratia.

The epidemiology of K. pneumoniae'infections is not
clearly understood. Many authors have proposed that
nogocomial infections with Klebsiella occur through
intestinal colonization by the organism, which in turn
serves as an important reservoir‘for autoinfection and
cross-infection (Caplenas et al., 1981; Casewell & Phillips,
1978; Cooke et al., 1979; Gerding et al., 1979).
Precolonization often precedes infection (Gerding et al.,
1979). Symptomless patients colonized with K. pneumoniae
were four times more susceptible to nosocomial infections
than patients who were not colonized (Caplenas et al.,

1981). Cooke et al. (1979) showed that approximately 50
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percent of patients with Klebsiella infections carried the
same serotype in the bowel. |

The hosﬁital kitchen, foéd leaving the kitchen and to a
lesser extent the hands of the hospital personnel, have been
implicated as sources of Klebsiella in the colonizing of the
intestines and spread of the organisms among patients. Foods
that have been implicated include: salads and cold meat
(Casewell & Phillips, 1978; Cooke et al., 1980) and icecream
(Casewell & Phillips, 1978); Kfebsiella are seldom isolated
from hot foods, however. The contamination of foods prepared
in hospital kitchens with Klebsiella spp. of differgn{
serotypes has been demonstrated by Casewell and Phillips
(1978) and Cooke et al. (1980). They reported that the same
Kleésiella serotypes that were isolated from contaminated
food ingestea by patfents were also isolated from the
patien;s' faeces after ingestion of the food. Furthermoré,
autoinfection of patients by their acquired intestinal
Klebsiella fiora was reported by Selden et al. (1971). They
found that patients whose intestines became colonized with
Klebsiella after admission to hosbitalvwere more frequently
victims of later Klebsiella infections by the saﬁe sefotypes
as that found in the iﬁiestines. Patients who were carriers
at the time of admission>rarel§'devéloped infections with
the same intestinal serotypes?l %

| ~In contrast, Casewell and Phillips (1978) could not

demonstrate autoinfection of any patient by intestinal

~strains. They found that most of the acquired Klebsiella

/\«
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infections were attributable to cross-contamination of other
patients on the ward.’Hands of hospital personnel were
implicéted as a significant route of transmission. Casewell
and Phillips (1977) reported that 17 pegcént of hands -washed
yielded Klebsiella. On four occasions, the serotypes
isolated from hands of staff were identical with those
colonizing or infecting patients on the ward. In Eontrast,
Hart et al. (1981) reported only one instance in which the
Klebsiella strain isolated from hands of a staff member was
the same serotype 35 those causing infection on the ward.
Their results indicated that these organisms did not become
part of the resident flora on the hands. Patients who were
bed-ridden and whose faeces contained the organisms were

more likely to carry these organisms on their hands.

2. Environmental Isolates -

Klebsiellae are not restricted to the intestinal
environment of humans and warm blooded animals, they are
very widely distributea\in nature. Ho;;ver, in the past,
there was little significance attached to their frequent
isolation from the énvironment.’lsolate§ with the indole,
methyl red, Voges-Proskauer, citrate (IMViC) pattern of --++
of clinical origin were called K. pneumoniae,’while_Similar‘
isolates of environmental origin were known as "Aénobactenf.
(seidler, 1981). The wi@fspread occurrence of K. pneumoﬁiae’
in large numbers in the environment has been reported by

many researchers. Table 1 summggpizes the environmental
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sources of K. pneumoniae, together with the cell densities
at which they were reported.

The origin of environmental contamination by
Klebsjellae is unresolved. Seidler (1981) suggested that the
organisms originate from the faeces of insects, rodents, |
othe% wild animals and birds. Small inocula proliferate
rapidly, since the botanical énvironment can provide the
required nutrients to support the growth of clinical, faeéal
and environmental Klebsiella isolates.

The public health significance of Klebsiella in the
enviroqment is debatable. The following arguments have been
put forward: ‘

., A. Klebsiella are not always isolated in association
with £. coli, the officjally accepteé indicator of faecal
contamination (Campbell et al., 1976; Knittel et al., 1977).
This has been attributed to several factors: (i) K.
pneumoniae are better survivors than E. coli (Bagley &
vSeidler, 1977). For‘example,_in rav drinking water,
Klebsiella made ué 40 percent-'and E. coli 60 percent of the
faecal coliforﬁs, while in treated water, 67 percent of the
faecal coliforms were K. pneumoniae and only 4 percent were
E. coli; (ii) Klebsiella spp. have unjque nutritional
characteristics which enable them to survive and multiply in
the environment (Bagley & Seidler, 1977). Their ability to
fix nitrogen may élso play a role in their colonization of

the botanical environment (Knittel et al., 1§77).



TABLE 1.
Environment

Source
Vegetable peel
Salads
Pulp and paper
mill effluents
Potatoes and lettuce
Alfalfa and

bean sprouts

Lake water

23

a

Distribution of K. pneumoniae (sensu lato) in the

Cell Density Reference ’

cfu/g or ml

10’/g Brown and Seidler,
1973

10" - 10°/g  Wright et al., 1976

10¢/ml Knittel et al., 1977

10*/ml Caplenas et al., 1981

10°/g Knittel et al., 1977

10¢/g Patterson and
Woodburn, 1980
Niemela and Vaatanen,

137/ml
| 1982
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B. The stipulaticn ttat the occurrence of K. pneumoniae
in the environment may indicate a health hazard is besed on
its potential pathogenicity and its identification as a
faecal collform Many microbiologists do not accept K
pneumonlae as a potentlal health hazard because they are
reluctant .to believe that the environment can contain
diseaee causing organisms in such large numbere (Knittel et
al;, 1977). ,

Some microbiologists doubt the significance and
validity of a positive faecal coliform test (production of
gas from lactose fermentation at 44-45.5+0.2°C in 48 h)
caused by K. pneumoniae in the absence of E. coli- (Bagley &
Seidler, 1977). In defence of the significance of the faecal
coliform test when,applied to Klebsiella, Bagley and Seidler
(1977) showed that among KlebSleIIa cultures of known
pathogenic origin, there was a high incidence (85 percent)
of faecal coliform.positive reactions. Subsequent testing of
environmental Klebsiella ieolates showed that 16 percent
vere faecal coliform positive. The test therefore, indicated
that environmental sources. of Klebsiella identified as
feecal coliforms would be true faecal coliforms and not
false positives. Bagley and Seidler (1977) concluded that K.
pneumoniae, when found 510he, should{be considered as valid
a faecal coliform as E. coli. Concurrent isolation of E.
coli and faecal coliform positive Klebsiella from the
env1ronment should indicate recent faecal contam1nat1on

while isolation_of faecal coliform positive Klebsiella alone
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should indicate faecal contamination at some point in time,
eithe; recent or much earlier.
A =
3. Comparison of Clinical and Environmental Isolates
Comparative stbdies have been done on both clinical and
environmental Klebsiella isolates in an attempt to clarify
their/gpblic,health significance in the environment. Studies
onAth% biochemical properties, serology, antibiotic
sensit&viéy, DNA relatedness, faecal coliform reaction,
colonization of the environment by clinical strains and

e

pathogenicity of the environmental strains have been

reported.

a) Biochemical Pfoperties

In the past,.the.coliform_group of organisms wésv
aifferentiated on -the basis of four biochemical tests:
indole production, methyl red test, Voges-Proskauer test and
citrate as the sole source of carbon, known by the mnemonic,
IMViC. E. ;oli bi&type I is classically recognised by the
IMViC reaction ++--, while the Klebsiella-Enterobacter group
was recognisea‘by a --++ reaction. Klebsiella isolates with
an IMViC{pattern-—-++ wvere from a variety of sodrces -
clinical, faecal ‘and environmental. However, further
research has shown that some Kleb§iella spp. cannot always
be classified by this IMViC,patterh.leebsie7lé-from the

same habitat exhibit different IMViC'pattefns and there is

no correlation between IMViC pattern and habitat (Seidler et
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al., 1975). Researchers have found that the saprophytic K.
aerogenes is methyl red negative (MR-) .nd Voges-Proskauer
positive (VP+) while the pathogenic K. pneumoniae (sensu
Stﬁiéto) is MR+ and_VP~‘(Campbell & Roth, 1975). A total of
seven different IMViC patterns have been found among
environmental KlebSielIa isolates (Brown & Seidler, 1973),
compared to three to fbur patterns amonguhaman and animal
isolates (Seidler, 1981). Some commén patteihs that have
been reported arzs --++, -+++, ++++, -+-+ (Brown & Seidler,

1973). They reported that 50 percent of the environmental

and human K. pneumoniae were --++, 28 percent were indole

positive and 36 percent were MR+. The IMViC reaction —-+-+ 1is

uncommon amoné Klebsiella spp. It was previously used to
identify another species, Citrobacter fPeundiiA(Campbell &
Roth,; 1975). However,.it has been reported by many authors -
for the ATCC strain of K. pneumoniae'#13883 (Brown &
Seidler, 1973; Cowan et a7., 1560; Naemura et al., 1979).

In other biochemical reactions, including the

fermentation of various sugars, urease activity and

- decarboxylase and dihydrolase activities, no significant

differences were found that could be used to diétinguish
between clinical and environmental isolates (Brown &
Seidler, 1?73; Matsen et al., 1974; Seidler et al., 1975).
The single most variable reaction was the production of
indole. Although indole positive strains (K. oxytoca) were
isolated from both clinical and environmental sources

(Woodward et al., 1979), their frequency of isolaticon from
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. these sources.varied among researchers. Edmondson et al.
(1980) and Matsen et al. (1574) reported the occurrence of a
higher proportion of'indole positive strains among clinical
isolates. In contrast, Bagley and Seidler (1877) réported
that only 15 percent of clinical isolates were indole
positive compared to 33 percent of environmental-isolates,
while Seidler et al. (1975) reported that 100 percent of
Klebsiella isolates from li§ing fir trees were indé}e
positive compared to 17 percent of human clinical isolates."
The isclates from the fir trees were among the most atypical
strains encountered; soﬁe gave a weak H.,S reaction.
Differences 1n urease activity were alsc reported {Bagley &
. Seidler, 1977): 100 percent of clinical isolates were urease

positive compared to 75 percent of environmental isolates.

b) Serc .:.gy

‘Serological studies have shown that human and
environmental isolates are indistinguishable (Seidler et
al., 1575). Klebsiella strainsvgsolated from infectioné,»
faeces, mastitis, hospital kitchens, water and botanical
enx&gonments displayed a wide range of serotvpes, with no

one type or types predominating among isolates (Edmondson et

al., 1980)."

c) Antibiotic Sensitivity
The widespread use of sulphonamides and other

antibiotics contributed greatly to the reduction 1in
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mortality rate of many bacterial infections. However, 1ih the
process, strains of or:anisms evolved with resistance to
certain antibioticsl Some straihs were resistant to drugs to
which they had never been exposed. This was further
complicated by the appearance of multiple-drug resistant
strains (Falkow, 1975). Studies with members of the family
Enterobacteriaceae showed that drug resistance was
transmissible within and between specie3 and the term
résistance factor (R~factof) was adapted for.this property
(Falkow, 1975).

Selden et al. (1971) observed that the initial
intestinal flora in patientsrwho subsequently developed
nosocomial infections was sensitive to all'anpfbiotics
tested (chloramphenicol, sulphonamides, kahaﬂy:in:
streptomycin, neomycin, tetracycline) with the exception of
ampiciilin. After infection and antibiotic therapy,
Klebsiella were _sclated that were resistant to three and up
to five of the antibiotics. Knittel et 57. (1977) found
transmissible R-factors among isolates from the botanical
énvigonment and suggested that plant material may serve as a
reservoir for the spread of known pathogenic strains.

Comparative studies by Edmondson et al. (1980) on the
‘extent of antibiotic resistance of Klebsiella strains éhowed
the following results: clinical iéolétes and isolates from
mastitis and the faecés of patients were most resistant,
being resistant to five or more aﬁtibiotics, while strains

isclated from the hospital environment, including the
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kitchen and food were less resistant. The least resistant
'strains were those isolated from the faeces of outpatients.
with no known infections. fliowers from both inside and
outside the hospital and from river water. The majority of
the least resistant isolates (more than 70 percent) were
sensitive to eight or more antibiotics. The same trend was
observed by-Matsen et al. (19745 who répoftea that
Klebsiella isolates from natural receiving waters were more
susceptible to antibiotics t%an‘human clinical isolates.
Strains from all sources were found to be highly resistant
to‘ampicillin and éarbenicillin (Edmondson et al., 1980;.
Matsen et al., 19745. Matsen et al. (1974) also observed
that“the greatest number of strains susceptible to
ampicillin (27.bercent) and carbenieillin (12 percent) was
isolated from clean saline water scources.

d)ADNA Relatedness .

Although Klebsiella isolates of both clinical and
environmental origin are phenotypically indistinguishable,
DNA reassociation studies have shown.that environmental
1solates are genetically more diverse than human clinical
isolates. Seidler et al.'(1975f observed a range of 5 to 100
percent in relative DNA reassociat;on. They examined \
Kilebsiella st;ains from four different environments: hkuman,
river, vegetable and pulp mill effluents. The vegetable

isolates showed the greatest diversity from the human

reference strain, K. pneumonjae ATCC 13883. The average
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homology was only 35 percent. Most of the human isolates
showed an average homology of greater tﬁan or equal to 75
percent, with comparable degrees of homology occurring
between the reference organism and the river and pulp mill B
isolates.

Similar observations were madé by Woodward et al.
(1979). Unlike Seidler et al. (1975), they used the faegal
Eoliformvstrain of K. pneumoniae ATCC 13882 as the reference
strain. éowever, they reported that it was genetically
indistinguishable from the non-faecal colifdrm strain ATCC
13883 and had the IMViC pattern --++, Both were originally
human isolates. Based on relative reassociation s%udies they
concluded that although the majority of environmental
Klebsiella Qas of t:he~ same phenotype as K. pneumoniae (sensu
stricto), they were genetically distinct, and as such were
not all members of this species. In fact, they formed a
molecular group among themselves that Woodward et al. (1979)
cbnsidered shouid be three new taxa. However, these
genetically diverse Klebsiella spp. were cépable of causing

clinical infections, since three strains had been isolated

from clinical material.

e) Faecal Coliform Reaction

| The faecal coliform test (growth and gas production
from lactose at 44-45.5°C) is normally used to define the
origin of a coliform (ICMSF,,19%8; Naemura & Seidler, 1978).

Naemura and Seidler (1978) reported that eighty-five percent
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of Klebsiella cultpres of known pathogenic origin were .
faecal coliforms. However, 16 percent of environmental
isolates were also faecal coliforms (Bagley & Seidler,
"1977). 1t was suggested that the contamination of fruits and
vegetables by faecal coliforms may be through inéects,
direct defaecation of wild and farm animals, pollufed
irrigation water and usé of manure (Géld;eich & Bordner,
1971).

Naemura and Seidler (1978) postulated that
environmental isolates might have lower minimum growth
temperatures than clinical isolates. They found an inverse
relationship Setween féecal céliform positive isolates and
bgrowth at 10°C, regardleés of habitat. One exception was the
non-faecal coliform strain, ATCC 13883, which did not grow
at 10°C. Since failure to grow at 10°C is a characteristic
of faecal coliforms, it wés suggested that K.'pneumoniae
ATCC 13883 may have been a faecal coliform that mutated to a
non-faecal coliform (Naemura & Seidlgr, 1978). It was noted
that many of the non—faécal coliform isolates éhat grew at
10°C also grew anaérogenicélly at 44.5°C. They have been
termed "thermotolerant”™. Other compariséns made between
faecal and non-faecal coliforms were:

1. All faecal coliform isolates were indole negative
(M®®mura & Seidler, 1978). Indole positive strains (70
percent) were reported among non—ﬁaecal,zclini¢él isolatgg'
(Edmondson et al., 1980). Because of the clinical_soﬁrce of

these indole positive, non-faecal coliform strains, it was
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suggesteé that they may be more significant in causing

infections than other inable positive non-faecal strains

that were not clinical isolates (Edmondson et al., 1980).
2. Faecal coliform strains were more resistant to

antibiotics than non-faecal coliforms, regardless of indole

reaction,

f) Colonization of the Environment

The observation that environmentally derived Klebsiella
Zwere genetically more diverse than clinical 1solates raised
questions about the ability of cl9nical isolated to colonize
the environment and their ability to compete with the
ihdigenous flora (Knittel et al., 1977).. Pathogenic and
environmentally derived Klebsiella isolates survived equally
well in filter sterilized and raw pulp wastes and on the
surfaces of potatoes and lettuce, reaching cell densities of
10¢/ml in the pulp wastes and 10°/g on the vegetables within
24 hours: Thé counts were comparable to those of indigenous
Klebsiella of unknown origin. This study also provided
evidence that Klebsiella isolates were able to colonize
sawdust bedding and that they could spread from cow to cow,
infecting the teats and causing mastitis.

The indirect contamination of lettuce’by first
immersing hands in different Klebsielja,suspensions (10,
102, 10° cfu/mi), showed that Klebsiella grew on the léttuce
even at the lowest levels of hand contamination. This

implicated hands as a source of vegetable contamination
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(Knittel et al., 1577). Similar studies by'Yamamote and
Seidler (1981) with radish seeds showed that, regardless of
the @nitial inoculum (10° to 10*/seed), the Klebsiella count
of both clinical and environmental isolates reached 10~
cfu/g of plant material after the first week. The counts
decreased weekly as the plants grew, but even after five
weeks, counts were still-in the range of 10* to 10% cfu/g of
plant material. The Klebsiella organisms were not found
inside the plant or on the leaves, but on the root bulb
~surface and the attached soil. Furthermore, Klebsiella
survived well on plants, but when the soil alone was
inoculated with similar concentrations of Klebsiella as the
radish seeds, the organisms failed to grow.

‘survival of Klebsiella isolates inoculated onto radish
seeds varied with source of the isolate, in the following
decreasing order of surinal: Qegétables, mastitis, human
infection, vater, pulp mill effluent. Nevertheless,
contamination with isolates from all sources, resulted in a
count of greater than 10° cfu/g of plant material at time of
harvest. There was no correlation between survival and’
faecal colifo;m reaction or density of initial inoculum
(Yamamoto & Seidler, 1981).

The éffect of repeated growth of pathogenic Klebsiella
in the botanica};environment on the virulence of these
organisms was studied by Knittel et al. {(1977). Klebsielia
from-human infections and bovine mastitis were passaged

through pulp wastes for a period of seven weeks. Changes in
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virulence were monitored in mice by determining the LDs,
Qaiues. Isolates from bovine mastitis did not decreaSe in
virulence despite about 290 generations of growth. The
virulence of human isolates decreased significantly but only
after about 100 generatioﬁf of growth. Knittel et al..(1977)
concluded that plant-mategial coula serve ‘as a reservoir for

the spread of pathogenic Klebsiella.

g) Pathogenicity

Studies using LDs, techniques were done on mice to
determine the potential pathogenicity of environmental
isolates of K. pneumoniae cdmpared to clinical isolates of
known pathogenicity (Bagléy & Seidler, 1978b; Matsen et al.,
1974). Matsen et al. (1974) reported a meén LDso value for
mice of 4.5 x 10* cells/ml for water isolates compared to
5.3 x 10 cells/ﬁl for hhman clinicai isolates,Aindicating
virtually no difference in virulence betweén the two groups.
Shmilarly, Bagley and Seidler (1978b) reported no
significant difference in the mean LDs, values for mice for
Klebsiella isolated from different envirpnﬁénts. In
contrast, they found that E. coli isol;les from drinking
water had a significantly higheikmean:LDSO value than
clinical E; 907i and all of the Klebsiella isolates. These
results indiéated that K. pneumoniaé isolates from any

source, were equally pathogenic for mice. This included

faecal and nonfaecal Klebsiella and K. oxytoca.

|



Bagley and Seidler (1978b) concluded that Klebsiella
frém environmental sources have a dual role: (1) they are
opportunistic pathogens for humans and animals, and (2)
faecal coliform positive strains serve as indicators of -
faecal contamination. Since faecal coliform negative‘strafns
and K. oxytoca are as pathogenic as féecalhcoliform positive

strains, they should also be considered a potential health

hazard (Bagley & Seidler, 1978b).

B. Effects of Low Temperatufe Storage on Bacteria ..

In the fobd industry, freezing is an impbrtant method
for preserving or prolonging the shelf-life of foods
(Caicott, 1978). Bacterial cells that survive freezing may
do so with no apparent advers%“effect or they may be
sublethally injured. The judgement of these different states
of viability is based on the ability of ;he cells to
multiply and form colonies on different types of solid media
(Ray & Speck, 1973). Uninjured cells are those that multiply
and form colénies onvnohselective and selective agar media.
Nonlethally injured cells are of two typés:

(a) mefabolically injured - those:able to multiply and
form colonies on nonselective media (for exampie,‘tryptic
soy agar) bpt nof on minimal salts media{

(b) structurally injured - those able to multiply and

form colonies on nonselective media, but not ori selective

media (for example, violet red bile agar).
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The different states in which bacterial cells exist in
frozen foods can complicate the detection of pathogens and
indica?or organisms. It is important, therefore, that
special methods should be usedlto’allow.the repair
(resuscitation) of nonlethally injured cells. Without these |
techniques, frozen foods could be an unsuspected health |
hazard (Ray & Speck, 1973; Speck et al., 1975). In;ubation
of the injured cells in nonselective media restores their
ability to grow on selective media (Mackey et al., 1980).

The susceptibility of bacterial cells to freezing
damage differs between stréins and species of
microorganisms, the age of the culture, the nature of thé
medium in which the cells areAsuspended and the conditions
of freezing and fﬁéwing (Ray 3 Speck, 1973).

Gram positive cells are generally more resistant to
damage by freézing than Grém negative cells (Calcott, 1978;.
Ray & Speck, 1973; Speck & Réy, 1977). Williams et al.
(1980) reported significant redﬁétions.in coliform and E.
coli from ground beef sﬁored at -20°C for 4 days, while
significant reductions in Staphylococcus aureus occurred
only after 11 days of storage at -20°C. The reason for this
difference between Gram positive and Grém negative Eelis is
Anot‘known, but it may bé éhe tb the less complex nature of °
‘the Gram positivé cell envelope (Calcott, 1978). It ‘is
possible that the lipopolysaccharide iayer that forms the
permeébility barrier of éram negative cells is damaged

during freezing and thawing, allowing leakage of cellular
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materials and rendering the cells moré suséeptible to
solutes and toxic substances in their environment (Ray &
Speck, 1973). |
xStudies have generally shown an ihverée relationship
between bacterial survival and temperature. It was found
that at temperatures above -B0°C, the death rate was
greater, thle bélow -80°C, bacteria exhibited considerabiy
reduced death rates (Calcott, 1978). St:aké and Stokes
(1959) observed that the death rate of Pseudomonas b
fluorescens was slowest at ?29°C and fastest at -7°C. Death
and/or}injury can occur even at temperatures of 0°C and
above. Pdtterson and Jackson (1979) reported fhat the
viability.of E. Coli and S. aureus . 1e exponential growth
phase decreased i: these orgénisms were stored at 1 and 4°C.

Similar results were obtained with Vibrio vulnificus held at

.4°C (Oliver, 1981) and Aderobacter aerogenes at 0°C (Strange

& Dark, 1962; Strange & Ness, 1963).

Death or injury of bacterial cells chilled from their

optimum growth temperatures to 4 to 0°C without actual

freezing, is a phenomenon known as cold shock (Calcott),
1978; Oliver, 1981). Séveral factors have been implicated in
survival of bacteria.during cold shock, 'including: growth
temperature, growth phaée, ioniﬁ strength and species of

salts in the cell diluent, concentration of cells, rate of
A _

chilling, period of storage, plating medium and repair of

damage caused by cold shock (Oliver, 1981). Bacterial cells

are only susceptible to cold shock when they are in the
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exponential phase of growth, and injury only occurs when
cells are chilled rapidly (Calcott, 1978; Strange & Dark,
1962). Injury results from apparent damage to the

| permeability barriers --f.the cell membrane and cell wall
(Calcott, 1978).

In general, bacterial cells in the exponentiél growth
phase are more susceptible to injury at‘low_stofage
temperatures than cells 1in ;he stétionary phase (Calcott,
1978; Pattérsdh & Jackson, 1979; Postgate & HJnter, 1961).
This difference in susceptibili&y is probably caused by the
fact that cells in the exponehtial phase are multiplying and
their.Structura} and functibnal macromolecules are being |
synthesised, assembled or reofganised. Consequently, they
ate more susceptible.to'damaging conditions. On the other
hand, cells in the statignary phase ére more stable and
thérefore not as vulnerable (Ray & Speck, 1973).

The! rates of freezingland thawing markedly affect
survival of bacterial cells. Less damage pccﬁrs with a slow
»fate of freezing and a rapid rate of thawing (Calcott, 1978;
Postgate & Hunter, 1961; Ray & Speck, 1973). Repeated
qfreezing and thawiné increases bacterial death, while the
percentage of nonlethally injured celIs among the survigors
remains constant (Ray & Speck,‘1973). | |

Survival of bacterial cells during freezing and frozen
storage may aléo be affected by pH.'Lactic streptococci |
survived freezing and frozen‘stofage better at pH 7.0 than

at pH 5.0. E. coli and P. fluorescens frozen in meat extrac

i
|
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between pH 5.0 and 8.0 survived betterrbetween pH 6.0 and
7.0 than at eithgr of the extremes. This was more pronounced
at higher temperatures}of frozen storage (-7°C) than at
lower temperatures (-30°C) (Ray & Speck, 1973).

The length of storage time of bacterial cultures is
directly feiated to the amoﬁnt éf death that occurs (Ray &
Speck, 1973). Straka and Stokes (1959) observed that death
of cultureslpf P. ovalis, increaubdw over a 19;day period,
from 22 percent to 53Lpercent.

The nature of tHe\Euspendiﬁg medium.ié an'important
factor in survival ér death of the cells. Distilled water
and ﬁaCl were reported to be highly lethal in the freezing
and thawing of bacterial suspensions. Addition of glycerol
to the suspending medium gave some protection to the cells
(Postgatem& Hunter, 1961). Phosphate added with NaCl to the
’suséendipg medium gave-some protection to cultures of E.
coli and'A. ae;"ogenes (Ray & Speck, 1973). A. 'aerogenes
grown jn a defined medium was highly susceptible to
chillihg, but it was more resistant wﬁen grown in a tryptic
meat broth (Strange and Ness, :1963). In contrast, Postgate
‘and Qunter‘(1961) feportgd extensive death of A. aerogenes
cultures that were frozen in tryptic meat broth. E. coli,
however, wasAfopnd to‘be almosf completely resistant to the
effepts of chiiling in both the defined medium and the
tryptic meat broth (Strange & ﬁ;ss, 1963).
| This protectivg effect in some media is attributed to

cryoprotective agents in the suspending medium. Frozen meat



contains crveprotective agents, whicn include proteins,
simple and ccmplex carbohvcérates and trig.vcerides (Mackey

et al., 1980). Mea: alsc con:ta:ins compcunds which reduce the .
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The mechanism cf the protective effect agains: freezing
death is nct clear, however, hvirogen toncing was repcrted
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to be i1mportant {(Calicoczz, '87B). Protecticn aga:inst Zdamage
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increasing the resistance cf the sites.on the bacterial cell
tha: are sensitive to the tcxic agents. Similarly, the
mechanism cf injurv caused by cclcé and Ir-czern stcrage Is not
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reezing 1s slow, all extractable water :s removed Irom the
\

cell cvtcplasm and freezes externally. Thus Jamage 1is

rt

caused by dehydration (Calcott, 1578). Deatzh by frqzen
storage may result from prolonged exposure to the
extracelliular and ‘ntraceliular sclutes which become
ccncentrated when ice separates during freezing. This 1is
called osmétic shock. ’
Bacterial cells are not lysed by freezing and thawing,.
‘but there is marked leakage of cellular material. The
materialé that leak from the cells inclﬁée low molecuiér
weight bases and nucleotides, amino acids and small peptides
(Calcott, 1978; Moss & Speck, 1966). Peptides released are
biologicélly_active. They protect the'cglls from the lethal
effects of freezing as well as aiding them‘in the repair of
ncﬁlethal injury (Moss & Speck, 1966). Compounds leaked from ™
frozen cells may be.different to thosg leaked from rapidly
chilled cells. The viability of bacterial cells is related

T

to the nature of the leakage products, rather than thqﬁ_

amount of leakage'that occurs. ' ~w\*#
Freezing and thawing are not mutagenic,'but frozen
bacterial rélls show increased sensitivity to the effects of
ultra-violet light and to sunlight. The rate of mutation is
incre;sed. Sensitivity to UV light is more pronounced in the

presence of oxygen (Calcott, 1978).



1Vv. MATERIALS AND METHODS

»

Bacterial Cultures

Five bacﬁerial cultures were used in this study. Three
~were fréeze—dried cultures from the American Type Culture
Collection (ATCC): Escherichia coli ATCC 11775, Klebsie[la
pneumoniae ATCC 13883 and K. oxytoca ATCé 13182; and two

cultures were previously isolated from meat: K. pneumoniae

\

#2 and K. oxytoca #1765.

All five cﬁltures were maintained on nutrient agar
slants 2nd stored aE 4°C. Once every month the cultures were
checked for phrity by growing three succeésive subcultures
in nutrient broth. and then streaking them onto tryptic soy
'agar plates A colony from each culture was used to
‘inogplate a fresh nutrient agar slant and their biochemical
characteristicé were checked using the BBL Minitek enteric
system incubated at.35°C for 18 h, with the following
biochemical discs: nitrate without dextrqse,’phenylalanineﬂ?
Ahydrogen sulfide/indole,.Voges-Prbskauer, citrate, ONPG,
urea, lysine, arginine, ornithine, dextrose, malonate,
adonitol, afabinose, inositol, raffinose, sorbit§l, lactose,
'rhamnose, Sucrose (BBL, Becton—Dickinson Mississauga,

Canada).

Preparation of Cultures,
Various characteristics of the bacterial cultures were

studied including: coliform reac}jon, ability to produce

el

=
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indecle from tryptophan, ability to ferment glucose, lactqse
and sucrose on triple sugar iron (TSI) agar slants, and
growth rates. InAaddition, the effects of low temperature
storage on suspensions of pure cultureé and on cultures
inoculated into ground beef of normal pH (5.5) and higher pH

—

levels were studied.

Coliform and Indole Tests. Ail five stock cultures were
tested for coliform and faecal coliform reaction. The
Cultufeé weré inoculated into ~C broﬁh (Difco) containing
inverted Dg:ham tubes and incubated at 35 and 44.5°C for
48 h. Those organisms that failed to grow or pfoduce gas at
44,5°C vere tested.at lower, temperatures, tb determine the
v
maximum temperature at which gas production occurred. -
Similar studies were conducted for indole production from
tryptophan by E. coli = the K. ox;}oca isolates. Tubes of
tryptic soy broth (Difco) were inoculated and incubated at
35°C and at elevated temperatures for 48 h to determine the
maximum temperature at which indole was produced. Kovac's
reagent was used to detect indole production (MacFaddin,

o
1981).

Defermiﬁation of Growth Curves. Throughout thfs study, the
test cultﬁres were used in the late log, early stationary
phase of growﬁh. Gfowth curves were determined in nutrient
broth (NB, Difco) at 35°C in a shaking incubator (New

Brunswick Scientific Co., Inc.) at 200 rpm. A 1 ml aliquot -

=3
a
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of an 18 to 24 h culture of the test organism was added to
99 ml of NB 1in an Erlenmeyer flésk and incubated as stated
above. Samples were taken at 30 min intervals for 7 h.
Samplés were serially diluted in 99 ml of 0.1 percent (w/v)
peptone water blanks and surface plated in triplicate o;to
standard plate count agar (SPC, Difco).” The SPC plates were
incubated at 35°C for 18 to 24 h before counting. The
increase in the log number of cfu/ml with time was plotted,

and a time interval in the log phase of growth was selected

.for determining the generation time.

Experiments with Test Cultuv-es Stored in Different Broths
Four different broths were used‘in this study: tryptic
soy broth (TSB, Difco), one-tenth the normal strength of TSB
(10%TSB), NB and Cooked Meat Medium. Five ml of eaéh broth
were inoculated with 0.05 ml of culture to give
approximately 10¢ to 107 cfu/ml..In the case of cooked meat
médium, 10 ml were inoculated to facilitate pipetting. The
inoculated broths were incubated at 35°C for 6 h and stored
at 10, 4, and —1612°C'(commercia1 grade of freezer) for 7
days. Initial samples were taken before storage (day 0) and
on days 3 and 7. Separate samples were used for analysis on
each of the diffefent days. Samples were serially diluted in
99 ml of 0.85 percent (Q/v) saline dilution blanks. Here,
and in the expefim;ﬁts following, saline dilution blanks
wer . used instead of peptone blanks to avoid any influence

that the peptone might have on the survival of the test
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cultures. Frozen sampleé were thawed by holding for
approximately 3 min under lukewarm (22°C) flowing water. A
0.1 ml aliquot of appropgiate dilutions was surface plated
in triplicate onto prepoured selective and nonseléctive
‘'media (Difco) including tryptic soy agar (TSA), violet red
bile agar (VRBA) with a 5 ml VRBA overlay, TSA incubated for
2 h at 35°C for repair of the cells, then ove;layered with
12 ml VRBA (TSA/VRBA) (Speck et al., 1975) and tryptone bile
agar (TBA) (Anderson &‘BairdfParker, 1975). The plates were
incubated at 35°C and enumerated after 18 to 24 h.

TSA was used to measure the total number of survivors.
Three to 5 colonies were selected from the TSA plates for
further biochemical studies. These colonies were selected’ on
the basis of different morphological appearance (size) or at
random. VRBA was used to measure the number of uninjdred» ”
'survivoré. Typica} colonies are purplish-red in colour and
produce a ring of bile precipitate. Thfee to 5 colonies.were
kelected for further biochemical studies based on size
and/or the degr;e of bile precipitation. TSA/VRBA was used
to measure the number of %njured cells cabable»of repair.
.The inoculum was piated onto TSA and incubated at 35°C for
2 h after which it was overlayered with 12 ml of VRBA and
incubated at 35°C for 18 to 24 h, Colonies on this medium
are purplish-red in colour and have a faint bile
precipitate. Three to 5 colonies were selected on the basis'
of size or at random for further biocher :al studies. TBA

was used to screen cells for indole production. This medium-
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has the following cémposition: Tryptone 2.0 g, Bile Salts
0.15 g, Agar 1.5 g, 100 ml distilled water.

The procedure proposed by Anderson and Baird-Parker
(1975) was modified by plating directly onto TBA instead of
using céllulose acétate filter membranes (Bueschkens, 1982).
Inoculated plétes were incubated at 35°C for 18 to 24 h.
Colonies grown onto the TBA plates were replica—platea onto
new TBA plates using sterile 12.5 cm Whatman #1 filter
paper. Both the original and the replica plates were
incubated at 35°C for 24 h. After incubation, the original
plates were flooded with TBA reagent of the following
composition:-Z.O g p-dimethylaminobenzaldehyde, 92.0 ml
distilled water, 8.0 ml concentrated HCl. After
approximaﬁely 1 minute, the excess reagent was drained off
and the plates were examingd against a black background.
Colonies that were indole positive were stained reddiéhfpink
in colopr, while indole negatiQe cdlonies were stained a
white-yellow colour. For satisfaétory results, it was
necessary that the colonies on the plates were well
separated. Any indole negative colonies were selected from
the corresponding replica plates for further biochemical
studies. :

Selected biochemical characteristics that»distinguiéh
E. coli from K. pneumoniae }(sensu lato) and K.\bneurhoniae
from Enterobacter spp., were examined for any changesAcaQSed
by low temperature storage. The follcwing characteristics

were studied: glucose, lactose and sucrose fermentation, as
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well as H,S production on TSI agar slants, motility on

motility agar (MacFaddin, 1981), growth in EC broth with gas
production at 35 and 44.5°C and indole production in tryptic
soy broth at 35 and 44.5°C. All tests were incubated at 35°C

for 24 h, unless elevated temperature was also indicated.

Experiments with Test Cultures Stored in Raw Ground Beef

A 0.1 ml aliquot of an 18-24. h culture of the test
organism in NB was subcultured.into 10 m1 NB and incubated
at 35°C for 6 h to give a cell density of 10* to 10’ cfu/ml.'
The cells were centrifuged at 1000 x g for 10 min in a
centrifuge (Heraeus Christ Labofuge 6000), washed once with
1 ml of 0.85 percent saline solution and resuspended in 1 ml
for use in the experiment. A

Aﬁpr;;imately 250 g of fresh, commercially prepared
ground beef (30 percent fat) was divided into 10-g portions.
A set of uninoculaﬁed 10:§‘sampies was prepared as controls,
Each of the remaining 10-g samples was inoculated with 0f1
ml of a prepared cell suspension to give 10’ tol10‘ cfu/g of
ground beef. The inoculgm.was mixea thoroughly into each
sample, using a sterile spatula. All samples were placed in
separate bags for storage. The inoculated and uninoculated
samples were divided into 3 grdups for storaée at 4, -16x2°,
and -40°C (biological storagé freeéer, Forma Scientific) for
up to 7 days. Samples stored at 4°C.were sampled on 0, 1, 2;

3 and 7 days of'storage; Samples stored at -16 and -40°C

" were sampled on 0, 3 and 7 days of stoiage.

o
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_The inoculated and uninoculated ground beef samples
from each of the three storage temperatures were blended

with 90 ml of 0.85 percent saline in a Colworth-Stomacher

B A
[

Lab-Blender 400. Serial dilutions of each sample were
prepared and appropriate dilutions were inoculated in
duplicate onto the following selective and nonselective
media: TSA, VRBA, TSA/VRBA, as described for the previous
experiment, and onto TBA for E. coli and K. oxytoca
organisms, andeacCockey inositol Carbenicillin (MCIC) agar
(Bagley & Seidler, 1978a) for K. pneumoniae and K. oxytoca.
MCIC consists of 40 g MacConkey agar base, 10 g inositol, in
1000 ml distilled water. After autoclaving and cooling'to
45°C, 0.5 g carbenicillin ("Pyopen", Ayerst Léboratories,
Montreal, Canada) was added to the medium. Its specificity
is based on the. ability of virtﬁally all Klebsiella cultures
to ferment inositcl and their high resistance to the
antibiotic, carbenicillin. Plates were surface spread and
incubated at 35°C for 18 to 24 h. Klebsiella cultures on
.this medium are a pink colour. Colonies were selected from
the varioﬁs plates and checked for phenotypic variants as
describea earlier for the broth cultures. The pH of the meat
was also recordcd on each day. All analyses were done in

triplicate.
/
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Eff~ct of pH on Survival of Test Cultures Stored in Ground
Beef and Brdths |

For inoculation of the ground beef, 25 ml of.NB in a
125 ml Erlenmeyef flask was inoculated witﬁ 0.25 ml of an 18
to 24 h culture and incubated at 35°C for 6 h. Approximately.
1.25 kg of fresh, commercially prepared ground beef (3Q
percent fat) was divided into three 200-g portiéns, and two
250-g portions..An'11-g sampie was kept uninoculated from
each portion as a control, and one of each of the three
200-g portions was adjusted to pH 5.5, 6.0 and 6.5 using 1IN
'NH,OH. Each portion was subdivided into 60-g portions, each
of which was inoculated with 0.6 ml of prepared culture. The
inoculum was mixed thoroughly into each portion using é food
mixer. The 60-g portions were further subdivided into 11-g
samples and piaced in separate stomacher bags for storage.
Inoculated and uninocui&ted samples were stored at 4°C for
‘up to 3 days.

One of the 250-g portions waé vécuum packaged,-(degree
of vacuum, 0.90 atm.) using a Multivac AG500: the other was
stored in an aerobic package, and both heid at 10°C for 24 h
before further treatment. After 24 h, 11-g samples were
taken as uninoculated controls, and the rest of the 250-g
portion was inoculated with 0.6 ml of inoculum as described.
above. Each portion was subdivided into 11-g samples for
storage in stomacher bags at 4°C for up tol3ydéxs. Samples
were taken for analysis initially (day 0) and éffer 1, 2 and

3 days of storage.

B
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Each day, inoculated and uninoculated samples were
blended with 99 ml of 0.85 percent saline in a Colworth
Stomacher Lab-Blender 400. Serial dilutions of each sample
were prepared uéing 99 ml dilution blanks and apprcu iate
dilutions were inoculated in duplicate onto the follwing
media: TSA/VRBA and VRBA, for E. coli cultures; ana TSA/VRBA
and MCIC for K. pneumoniae‘and K. oxytoca cultures. Plates
were incubated at 35°C for 18-24 h. The pH of all sampleS'
was r: orded on each day.

For broth inoculation, 10 ml of NB was inoculated with
0.1 ml of an 18-24 h cultugé and incubated at 35°C for 6 h.
Tubes containing‘10 ml of TSB or NB wvere adjusteé to pH 5.5,
;6.0 and 6.5 with 1N NaOH. All tubes were inoculated with 0.1
ml of the prepared culture and stored at 4°C for up to 3
days. Samples were taken initially (déy 0) and after 1, 2
and 3 days of storage. Samples were serially diluted in 99
ml dilution blanks and appropriéte dildtiqns were 1lnoculated
in dupliéate onto media as described above for the beef
samples. The pH,df all samples was. recorded on each day. All

analyses were done in triplicate.



V. RESULTS

Minitek and IMViC Results

The biochemical characteristics of the f: test
cultures were determined using the BBL Minitek enteric
identification system. The results for the biochemical data
are show~ in Table 2. The biochemical characteristics of the
test cultures were monitored throughout the study. No
changeé in biochemical characteristics of the stock cultures.
_werg_recorded.

The IMViC (Indole pfoduction, Methyl red,
Voges—ProskaQer and»Citrate as the sole source of carbon)
reactions were also determined for each of the test 7
cultures. The results are shown in Table 3. The atypical
IMViC reaction for K. bneumoniae ATCC 13883 has also been

reported by other researchers (Bagley & Seidler, 1977).

Coliform and Indole Tests

The results'for~the coliform énd indole teéts are shown
in Table 4. All c&ltures produced gas in EC broth at 35°C
within 48 h. Only E. coli ATCC 11775 and K. pneumoniae #2
were faecal coliforms, capable of produciﬁg gas in EC broth
at 44.5°C within 48 h. K. pneumoniae ATCC 13883, K. oxytoca
ATCC 13182 and K. oxytoca #1765_varied'in the maximum
temperature'at.which»cultures could-grqw and produce_éas'in .
lactose (EC)‘medium;lThey produced gas at 38,:42 and 435C,

respectively. E. coli ATCC 11775 produced indole from

\ \
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TABLE 2. Biochemical Reactions of the Test Cultures Based on
the Minitek Enteric Identification. System

Bioépemical Test Cultures'
Discs :

1 2 3 4 5

ﬁitfate'Reductase‘ : + + T+ + | +
Phenylalanine - - - - o
H;s" | - - - - -
Indole : b, + - - + +
Voges-Proskauer’ - - + + +
:Citrate- , ; - + + + +
ONPG o | + + + . -
Urea - + + + +
Lysine - + + + +
AréiQine, - - - - -
Ornithine - f + - - - -
Dextrose without Nitrate A + +
Malonate - - - + _
Adonitol - + + + 4
. Arabinose . + + - " +
Inositol ' _ . _ - T+ + + +
Raffinose . + + + +
Sérbitol + * + + +
Lactose . + + + + +
Rhamnose » + RS + ‘ + +
Sucrose ‘ . - 4 + + +

'"Key: 1 = coli ATCC 11775; 2 = K. pneumoniae ATCC 13883;

K. oxytoca ATCC 13182;

q

3 = K. pAeumoniae #2; 4

‘5 = K. oxytoca #1765



TABLE 3. IMVIiC Reactions of the Test Cultures’

Organisms
E. coli
ATCC 11775

K. pneumoniae
ATCC 13883

K. pneumoniae
- #2

K. oxytoca
ATCC 13182

K. oxytoca
#1765

53

Indole Methyl red Voges-Proskauer Citrate

o

;
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to 44.3°C. K. oxytoca ATCC 13182 ahd mea:
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straln #1765 also produced inﬂﬁle up to 44.:t°C.

Determination of Growth Curves

The growth rate constant and generation time at 35°C

were calculated using the following eguations:

loeg,onz: - log,en,
Growth rate constant = k =
) 0.301 xt
Generation time = 1/k. ¥/
S
where: n, = number of cé¢lls at time t,
n. = number of cells at a later time,
. : g
t = length of time from n, to n, (minutes). )

-

E£. coli ATCC 11775 had a generatlon time of'28 min, K.
pneumonfae\ATCC 13883 and K. “oxytoca ATCC 13182, 25 min and
the two meat isolates, K. pneumoniae #2 and K. oxytoca #1765
had gengration times of 17 and 20 min, respectlvely. All
cultures reached late log, early stationary phase §n 6 h,
when grown.-in NB and had a cell density of 1x?0’ to 2x10°
cfu/mi, with the exception of K. . pneumoniae ATCC ,13883 which

had a cell den51ty of 6x10* cfu/ml.

Y

a - fj“‘ L
Surv1val of Test Cultures Stored in D1ffe~gn *ﬂrbtﬂ&

This experiment was a pilot study to degkfmlne the -

eSS

effect of time and temperature of storage omuxurv1val of the A

test cultures. E. coli ATCC 11775 K. pnsumongae ATCC 13883

and meat strain #2 an@ Oxytoca #1765 were stored in

~J

%3

@
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broths of differing nuzrient composi:ién (TSB, 'CYTSB, NB
and Cooked Meat Med:ium: at different sicrage temperatures
('C, 4 and -'¢°C) for up tc 7 davs. Surwviveal cf the

Orgarisms was measurec Dy [lating or+ ~onselective TSA,

(4] : "

selective (VRBA) anc "repair” med:

o8}
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the log number of survivors cf each crganisn under each

(]
' ]
44
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ccnditicen cf stcrage are shown In

[OF

Stcrage temperature &nd suspenainc mecium haC a marke
effect on survival cf the test_cul:u;gsh At C anc £°¢C,
there was no marked decrease in cells. Nei:ther was there &
marked diffefence between stcrage at L anc £°C. At -1€°C,
howé&er, there was marked”death cf the cells by as much as =
log cycles. The test cultures general.y survived better 1in
TSB arid Cooked Meét medium than in 10%TSB aﬁd,NB. T s was.
especially the case at‘-16°C. 4 |

Of the test tures, E. coli 11775 gener;lly survived
better than Klepbsiella at 1Q and 4°C. The exception was Ki
pneumoniae #2 which survived better in Cooked Meat medium

S o : _
than E. coli 11775. "The meat strains K. pneumoniae #2 and K.
oxytoca #1765 survived better in Cookéd Meat medium at -16°C
than the ATCC strains, E. coli 11775 and K. pneumon i ae
LD ,
'13883. K. )eumon iae ATCC 13883 was most sensitive to th

’

storage conditions. Length- of storage had a variable effect
LA . .
~6h survival of the differc« organisms at all storage
temperatures. However, in general, the cultures remained

stationary from the 3rd to the 7th day of storage.



.

TRBLE 5. Survival of £. ccli ATCC 17775 Stored 1~ Differert
Suspencding Media at various Temperatures

Survival cf Cells 'lcc cfiu ol
Susg. Plating In:itle ‘ e st C -efC
Mec:z Med:@e NC Dev '* Day. © Day I Dav Dav. 2 Day ~
FES
a ) .

L5 VRBA €.22 .28 £.:0 g.4:c BL.ZE $.80 4.7
TS3B TV B.el 8.7 £.5¢ 8.2 £€.3%¢ TL.EE TLle
TSB'  VRBA S.é S.0s 5004 ¢l sl TLeET o Tl

T .22 ¢.04 =.%: ¢.2t S.sE .tz sz
NB VRBA £.23 £.37 £.2% 6 B.TE SR SCEE
TV €.:¢ T BLES .25 S c.57 &.7¢C
CM VRBE E.7¢ 8.8 E.63 2.5¢ t£.3¢ .76 Tl
T ELT2 £.87 CLGE E.BZ t.4% £.22 -"E. 14
it
o
23

\

TRBLE €. Survival of K. pneumcniae ATCC 13883 Stored in
Different Suspending Media at Various Temperatures

Susp. Plating Initial 10eC aeC -16°C
Media Medie No. Day 3 Daey 7 Day 3 Day 7 - Dey 3 Day 7
0% VRBA  B.11. 7.3 7.95 7.48 7.33  3.95 4.79
TSB T,/V B.26 8.22 . 8.19 8.16 8.20 6.73 5.44
TSB VRBA 8.92 8.75 8.86 8.86 8.76 6.82 6.85

- T/V 8.97 8.92 8.88 8.8% 8.97 7.84 7.36
NB VRBA 7.77 7.64 7,75 7.45 7.58 5.12 4.94
'T/V 8.09 8.12 8.12 8.08 8.03 5.81 5.83
CM VRBA 8. .31 7.83 8.39 8.42 7.11 6.53
T/V . 8. .59 8.00 8.88 8.35 7.81 7.26
Key: TSB = Tr #r &xSoy broth .
NB = Nut §ent broth '
CM = Cooked Meat medium
VRBA = Violet Red Bile agar
T/V = Tryptic Soy agar oyétlaxered with

Violet Red B11e qggf TSR*URBA)

.u;b -3
.

- \\‘. L -
T NP A
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TARBLE 8. Survival of K. oxytoca #1765 Stored in Different
Suspending Media at Various Temperatures '

Susp. Plaxing Initial

Media
10%
TSEB
- TSB

NB

CM

. Key:

Media

VRBA -
T/V

VREBA
T/V

VRBA
T/V

VRBA
T/V

No.

B.16
8.37

77 A

B.
9. 11

10°C
Day 3 Day 7
8.06 8.20
8.46 9.16
8.94. 8.96
9.09 9.66
7.98 8.10
8.14 8.52
8.28 8.52
8.53 8.81

See bottom of Table 6, page 57.

.09
.16

.91

.09

.96
.07

.69
.86

4°C

Day 3 Day 7
8.15 8
8.20 8
8.92 8
8.96 9
- 8.05 "7
8.23 8
8.39 7
8.43 7

-16°C
Day 3 Day 7
7.00 7.51
8.01 7.82
8.59 8.57
9.01 8.94
5.49 4.92
5.79 5.56
8.69 8.40
8.92 8.61
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Plating media alsc affected the apparent survival of
the test cultures. Higher counts were obtaiﬁed on the
"repair” mecium (TSA. VRBA) than 5n tﬂe Selec:iye med:ium
(VRBA!. This was espec:ially ncticeable ét -16°C.

The déta were analyzed to test fcr differences between
+he variables using the BMDP Repeated Measures analysis ofi
variance (Program P2V, Dixon & Brown, !'98°i. The summary of -
results for the analysis is shown in Table 9. Highly
significant interaction effects (P<0.05) were observed
between Sstorage temperature, time and broths. Significant
individual effécts of ;emperaturé, brotﬁ and time on the
test cultures were expeéted, however, second and third level
interactions were not expected. These highly significant
interactions made the data difficult to interpfef. As a
result, the data were partitioned to test for effécfs 6f0
temperature, suspending medium and length of stogaééléﬁ the
individual organisms in an attempt ta determine what factors
were contributing to the significant interactions that were
observed. The summary of the analysis of variance for each
organism is shown in Table 10.'V

] These data indicate a marked difference in reaction to
the stérége/conditions‘between the test cultures. K. oxytoca
#1765 was not significantly affected by storage‘conditions
"and time of storage. E. coli 11775 was significantly
affected (P<0.05) By.stbrage temperature and time. There was -
a signifiégnt interaction effect between time and

température of storage of E., coli 11775 which could be

)



TABLE 9. Analysis of Variance for Effect of Storage
Conditions on Survival of Test Cultures

Source of Variation

Organism ~(0)
Storage broths (L)
Temperature (T)

oL
oT
LT

Days
DO

DL
DT

DOL
DOT
DLT

TABLE 10. Summary of

Storage Conditions and\Jl ime of Storage on Survival of
Separate Test Cultures

Source of Variation

Storage broth (L)
Temperature (T)

Days (D)

DL
DT

’

'‘Key: 1

w
]

Probability (P)

<0.0001
<0.0001
<0.0001

0.0538
0.0046
<0.0001

<0.0007
0.0003

<0.0001
<0.0001

0.1507
0.0011

<0.0001

ses of Variance for Effect of

0.0742

0.0081

0.0005

0.5732

0.0005

E. coli ATCC 11775, 2

K. pneumoniae #2,

Test Cultures'

3

Probaﬁilityf(P)

0.0056
0.0009

<0.0001

0.3258
<0.0001

0.0518
0.0734

0.0327

0.3991
0.0250

K. oxytoca #1765

o O

an}

.0839
.2309

.0565

60

3144 .

. 1915

K. pneumoniae ATCC 13883,
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attributed to the orgénism surviving well on all media at 10
and 4°C, as well as on TSB and Cooked Meat medium at -16°C,
but dying in 10%TSB and NB at -16°C. Similarly, time and
temperature of storage had a significant intéraétion effect
(P<0.05) for K. pneumoniae 13883 and #2. This effect could.
also be attributeé to the poor survival of these organisms
at -16°C in 10%TSB and NB. This 1is illustréted in Figure 1
for K. pneumoniae 13883 when grown on VRBA.

Death at -16°C, especially cultures stored in 10%TSB
and NB, was much greater for the firét three days than the
'last four days of storage. For mo§£ of the.test cultures in
10¥TSB and NB a 2 to 4 log decrease was frequently observed
during the first 3 days of storage and minimal changes
during the| following 4 days of storage. Similarly, for E.
coli 11775 and K. pneumoniae 13883 in TSB and Cooked Meat
medium, there was a 1 to 2 log decrease after 3 days
storage. Table 11 summarizes the descending order in which
different_brotﬁs supported survival of the test cultures.
This was de;eggined by comparing the logrggféérences in cell
numbers at each day of storage with the initial day O
populétion for each broth. TSB was always among the better
broths for survival of the cells, while 10%TSB was generally
one of the poorer bgpths. However, the reléfivé positionggf
NB ana Cooked Meat ﬁedium changed markedly with temperature
‘of storage. This was particularly noticeable with Cdéked,’

Meat medium which was generally the poorest medium at 10 and
. g

-

4°C, but the best at -16°C.
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pneumoniae ATCC 13883 Stored in

FIGURE 1.

Survival of K.

Different Broths at 10, 4 and --16°C, and Enumerated on VRBA
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TABLE 11. Summary of the Rank Order of.the Protective Effect
Attributed to Suspending Medium During Storage of Cells at -

Viarious Temperatures

in Broths'

Storage Rank Order of Survival
Temperature '
1 2 3 4
E. coli ATCC 11775
10°C NB TSB CM 10%TSB "~
4°C NB TSB - 10%TSB CM '
-16°C CM TSB 10%TSB NB
K. pneumoniae ATCC 13883
10°C NB TSB  10%TSB CM
4°C . TSB NB CM 10%TSB
-16°C CM TSB NB 10%TSB
K. pneumoniae #2
10°C  NB TSB “10%TSB CM
4°C TSB NB . 10%TSB CM
-16°C CM TSB 10%TSB NB
_ K. oxytoca #1765
10°C TSB 1'0%TSB NB CM
4°C TSB 10%TSB NB CM
-16°C CM TSB 10%TSB NB

' Rank order (highest to lowest) of survival- of test
cultures in broths: »

Tryptic Soyfﬁﬁgih
Nutrient broth
Cooked Meat medium

TSB
NB
CM
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At the same time that ﬁhé&ﬁgrvival studies were done, -
isolates were .picked from the piéting media to deteét
phenotypic changes in the cells. Colonies were picked from
TSA, TSA/VRBA and VRBA plates based on morphological
differences sﬁch as colony size and the extent of bile
precipitation on TSA/VRBA and VRBA plaﬁes; or, if no
morphologically different colonies were observed, 3 colonies
weré picked at random from the plates. Colonies were also
picked}‘rém TBA plates by replica plating, and based on the
loss of indole producing charactefistic‘on this medium. Of
the‘four organisms used, E. coli ATCC 11775 and K.
-pnéumoniae #2 are faecal coliforms, K. pneumoniae ATCC 13883
and K. oxytoca #17§5 are non-faecal céliforms. The maximum
temperature ét which'k. pneumoniae 13883 and K. oxytoca
#1765 produced gas from lactose was 38° ana 43°C,
 respectively. ’i ‘ 3

Temporary and permanent vafiants Qére obtained for‘the
four organisms from various combinations of the suspending
broths and the plating media at the three storage
femperatures. These variants were negative for gas .
production from lactose at 44.5°C or at the maximum
temperature. K. oxytoca #1765 also produced variants that
were negative for indole production frém tryptophan at 43°C.
A summary of the temporary and permanent vafiants-detected

for each organism under the storage conditions is shown in

Table 12.
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TABLE 12. Percent of Tempbr'ar'y and Permanent Variants
Detected when Test Cultures were Stored in Different Broths
~at Various Temperatures . ‘

Percent of Variants Detected'

Lactose (gas) Indole

Organism Temporary £ rr nent Temporary Permanent
E. coli ‘

ATCC 11775 , 4.7 - - ' -

K. pneumoniae ) '

ATCC 13883 33.0 1.7 NT NT

K. pneumoniae :

#2 9.5 : - . NT NT
K. oxytoca 4 ‘ ’
#1765 20.0 20.0 70.0 45.5

'Variants were-detected at the elevated temperature
of 44.5°C or at the maximum temperature for the organism.

lactose fermented with gas production.

1

Key: Lactose (gas)

e

no varianygs detected

o (

NT = not tested for thap characteristic
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A total of 214 colonies of E. coli ATCC 11775 was
selected. Of the 214 colonies, 103(4.7 percent) tempdrary
variants were detected on the 3rd day of storage. The
variants were obtained at all storage temperatures, from a
variety of thelsuspending broths and from both TSA and
TSA/VRBA plates. No variants were detected oﬁ the 7th'dayjof
storage. After subculturing in NB for 3 consecutive days,
alllvariants regained their original biochemical‘ |
' chara;teristics. . b

- A total of 181 colonies ofﬁK. pneumgniae ATCC'13883 kas
selected. Variants were detected among isolates from béfﬁx
the 3rd and 7th days of storage. Of the 181 colonies, 60 (33
percent) temporary variants were detected at all of the |
storage temperatures used. They Qere isoiated from all of
the suspending broths and frém'TSA, QRBA and.TSA/VRBA‘V
plating media. Four of the variants géye qguestionable
reactions in TSI, producing ah orange colour throughout the
medium, inétead of the yel&éwchlour’that indicates acid
production frbm the fermentable carbohydrates. After
subculturing in NB for 3 céﬁsééﬁtive aays, only 3 (1;7.
percent) permanent vaciants'wépe detected. These 3 variants
were detected 6n the 3rd day of stofage and were negative
.fqr_gas from léctose at 38°C. One variant was obtained from
the culture stored in Cooked Meat medium at 4°C and plated
on VRBA: the other 2 were”obtainedlfrom cultures stored in
10%TSB and Cooked Meat medium at -16°C, and piated on

TSA/VRBA and VRBA, respéctiver.
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A total of 147 colonies of K. pneumoniae #2 was
selected. Of/%he 147 éolonies, 2 (1.4 percent) variants were
detected from cultures stored iﬁ TO%TSB and NB at —16°C-§n
the 3rd day of storage, and plated onto TSA/VRBA: On the 7th
day of storage, 12 (8.2 percent) variéhts were detetted from
cultures stored in each of the liquid media and plated onto-
TSA/VRBA. All the variants were negative for gas from
lactose at 44.5°C, except one, which gave an alkaline
reaétion‘on Tsi agar slants. After subcultur;nq in NB for 3
consecu%ive days,.all variants regained theiﬁloriginal
biochemical characteristics.
A total of 156 colonies of K. oxytoca #1765 was
,selected.'Tempo:ary and permanent variants weré detected on’
,both“the 3fd anq 7th days of storage. Of the 156 colonies,

109 temporary variants (70 percent) were detected that were

negative for the production of indole from tryptophanAat

43°C; 3T (20 perééﬁ.i&ﬁere detected tﬁatlwere negative for
the productig? of é;; from laEtose fermentatibn at 43°C,
These varianfs were obtainea from various combinations of
the suspending broths and the plating media at the’ three
Storage‘temperatureé. After subculturing‘in NB for three
consecutive days, 71 variants (45.5 percent) rqmainéd
negat.v for the production of indoie from ﬁryptophan and 31
varie~ : 20 percent) remained‘negative for gas production
“m lactqsé fé;;entation ét.43°C. Among the temporary and

permant variants detected, some were negative ‘for both’

characteristics.

]

:?‘!'3:, . .
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decrease 1n the populatlon of the test cultures 'Ks a
result, surv1val of cells on. each day of storage at 4° C was

tested up to day 3. This exper;ment 1ncludes observatlons
for samples stored at’ 4 °C d”‘the 1n1tlal day and on days 1,
2, 3 and 7 of storage. At —16 ‘and -40°C observatlons were
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compared to storage at -16° an@A 40 t..TheeMIebSleIIa
g

jﬁh as 1 log'.cycle

et

&
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TABLE 4. Survival’ of Test Cultures Stored in Gnpund Beef .zt
-16 and -40<C. for"' 7 Days = i SR
o i ‘ “ . o

B S R
PR ) ":\fi'. ,*‘.Q N ’1 P
; - ‘ Plazing .in¥tlai’ = —ﬂ%°ijj ek —40°C A
,Orﬁan‘sm - Media ", Count  Day 3 :Day 7. Day 3 Day 7
E. coli VRBA  7.31 - 6.@1 €.77 7.8
" ATCC 11775 T/V 7.64 v 7,34 7.20 2 7.29
K. pneumoniae . VRBA ' 6.44 6.71 6.68
ATCC 13883 T/V 7.02  4&7.04  7.06
“ K. oxytoca L 6.87 - 6.80 6.5%
#1765 Sy 6.97 7.01 6. 84 &
: N v-\":‘iru‘ 3 . . ) Uy jé
Key: VRBA - Violet Red’ ‘Bile agar. - '
‘ T/V .= Tryptic Soy agar overlayered w1th* >
S Vlolet Red-Bile agar (TSA/?@BA)
“The concentration of the test organlsms used to 1noculate ’ﬁ;&:£
the ground beef was sufficiently high to outgrow the natural
-meat flora. As a result, virtually pure cultures were A
obtalned The numbers’ of colony formingrunits recorded in
the Tables, therefore,'represent the. test . cultures.
- s
- W - %



by the Tth dav c¢f storage. For £. coli, th& Jdecrease was
1855 tnarn ioc cycle py day 7. In contras.. iess than ! -2g
cyvzle <f the propulaticnodiec when stcred :"dfié and -40°C
2f tne crganisms tested at <€ and -5tec E. col i ~TCC TT5

N | - .
survived becter at -40 thar at - €°Cimwhile K. pneumoniae
ATCC "ZBEZ anc meet strain K. oxytoca #{765}survived better
at -~ e,

The date were statistically anaiysed tc test fer

RV

irercef oe the wariablés. A Repeatecd
S R o

the data for storage of the

2°C gave sign:i:fican:t.v high interaction

betweenr storage brcths; temperature anc

28

experiment. As a result, the

A

the previous

_the*ﬁ%use of tbese efi@ctslby plotting-the log of

~

cell numbers agalnst stcrage tlme. It was observed that the
rate of decrease by tbe 3rd day of storage was 51m11ar for

all the cultures. However, by the 7th«day, there was a

greater decrease w1th the KlebSlella cultures (just over 1

-1og“cycle) than with E. coli 11775_ R
The data ‘were partltloned so that statlstlcal tests

o

45

could be done. on the 3 individual”organiSms stored at 4, -16

Y

fandhﬁ40°C (Table 15). Interactfob effects betweeh the time

. and temperature of storage fontggvpneumonlae ATCC 13883 and

y

‘,,.'K oxytoca #1765 were observed

In addltlon, storage tlme

had a, 51gn1f1cant effect (p<0. 05) on all three organlsms,p
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TABLE 15. Summary of Analyses of Variance for Effect of Time
and Temperature of Storage on Survival of Test Cultures

"E. coli K. pneumoniae K. oxytoca
ATCC 11775 ATCC 3883 v #1765
Probability (P)
Temperature 0.0720 0.08589 0.0025
Replicate (R) (.2737 0.3513 5 0.4676
Days - (D) 0.000" 0.0002 0.0045 .
DT c.0877 0.0267 .0023
6706 0.834¢ 0.1160
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oxytoca #1765. The interaction effects between time and .
temperature of storage were more closely examlned by

”
plotting the data (Flgure 2), g%ése effects could be

attributed to the poorer sirvival of the Klebsiella

R

organisms at 4°C compared to E. coli. At 4°C by the 2nd day .
v [ . ";,- .
of storage, the rate of decrease was similar for all 3 - ¢

crganisms. However,‘from the 2nd to the 7th day.of storage,
there was a marked decrease 1n the survival of K. pneumonlae
ATCC 13883 and . oxytoca #1763, umhls 'was not the case at

(

-16 and -40°C. .

- The dailﬁireoording of the pH values of the meat showed
no appreciable dlfference from day‘to day. The initial pH of
the groungsbeef was between 5.6 and 5.7. Betﬁeen day 1 and
" day 3,’the‘pH of the inoculated ground beef ranged between
5.5:and 5. 7 The lowest oH-readlngs were observed on the 3rd
day of storage, beln% 0.05 to 0.20 pH unlts lower than the
1n1t1a1 readaug The highest pH was generally rTecorded on
day\? in the meats’ stored at 4° C, and-lt was usually greater

R T -3
2 . than or equal to 6.0. '

«w’o

N ’-',g
’ changes in the cells under these comditions of storage. Only

2

E& o Isolates were also picked to determlne phenotyplc
!

3two.of‘the test organ1sms were studledJ E. coli ATQC 11775
‘and'K. pneumonjae ATCC 13883. These'studies were limited by 7
the fact that the:test organisms were no longer in purei :
cnlture,rand in the‘case‘of TBA, the medlum was overgrown | J%?
w1th other organlsms from the meat flora by—the 7tﬁ day cof

“

. storage at 4°C. ﬂ.;f
i SROTE . R g



FIGURE 2.
13883 and K.
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Survival of E. coli ATCC 11775, K.

-16

pneumoniae ATCC.

oxytoca #1765 in Ground Beef Stqred at 4,

and -40°C, and Enumerated on VRBA Medium

7.5 “’
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Key: —— E. coli 11775 | X = storage at
""" K. pneumonige 13883 O = storage at —16°C.
eesenne g, oxytoca 1765 SV = storage at -40°C
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‘at -16 and -40°C. They were isolated jgrom TSA, VRBA and

74

No permanent variants were obtained for E. coli 11775..
Unlike the isolates of the broth study, all of the variapts

detected were normal for gagﬂproduction from lactose, but
they were hegative fbr_indofgﬁeroduction from tryptophan at
44.5°C. Temporary variants were detected atl3 and 7 days of
storage. Of the the 55 colonies selected to test for
biochemical vari;nts, 42 (76 percent) were found to be
temporary variants for indole proauction from tryptophan. Of

these, 9 variants were detected at 4°C, 17 at -16°C and 16

‘at -40°C. They were isolated from TSA, VRBA and TSA/VRBA

plates. After subculturing in NB for 3 consecutive days, all

variants regained their ability to produce indole from
: b

_tryptophan at 44&5°C.

A total of 73 colonies of K. pneumon iae ATCC 13883 was
sélected. Variants qu'gasibfoduction from»léctosevat the
maximum temperature of 385c; w;;e opgéined’on;tﬁe 3rd and
7th déys of storage. During this time, 14 (]9.petéeht) ﬁff '
the isolates were found to be permanent vafiants: Two:df; ‘
these were obtéined from éultures stored at 4°C énd'G\ééqh[_ h"

P v

TSA/VRBA plates. All of'tﬁé?égfianté'témainéd'négative|for’giv
N o R FUNENE ‘ -4 o O ’

gas production from lactose at,38°C, after subculturing for..

3 consecutive days in NB..
, i

Y. - ' N .
LT . s
b L R

o % B Lo e

&
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Survival of the Test Cultures Stored in Broths and Ground
Beef Adjosted to Different pH Levels

From the previous experiments, it appeared that -
survival of~the test cultures wes challenged by storage in
certain broths, and by storage at 4°C in ground beef. This
experiment was designed to determine factors that might
influence survivalbof the testlcultutes under toese
conditions, 1in porticular pH of the storage medium and
presence of the indigenous meat microflora. |

Tubes of NB and TSB were adjusted to pH 5.5, 6.0, and
6.5 and inoculated with the test/oultutes.'They were stored
at 4°C for 3 days. The results are‘shown in Tables 16 to 20.

Survival of the test cultures was generally similar at all.

.

pH levels. Platlng medlum 1nflu¢nced the numgfr of survivors
A N"\k‘k ‘a{:. I * '
observed in the broths. In most-cz?s;g;E&Q?orepalr medium
SERIEs
(TSA/VRBA) supported the growtﬁ o 13w*
/ﬂ_;_b e

selective medium (VRBA or MCIC) How§xga~;‘-

e
3 .

\2%?&nd trends for

survival on both medla were generally &ha@bame. Nonetheless,

MK

not usually greater than a factor of ;k

‘the dlfferences indicated that. 1njury hédioccurred Durlng

the 3 days of storage " broths, at the 3\ H levels, a

sllgpt decrease in count was .recorded for -‘al est cultufes.

-

The data were analysed using the BMDP Repeated Measures

‘v o

deslgn to test for stat1st1cally 51gn1f1cant dlfferences

between*the varlables, ‘The results for the analysis of

varlance J}e summarlzed in Table 21. There were h1ghgy

‘;g 47 ’ A N
slgqgflcanta}evels (P<0,0 jgof 1nteraot10n between the

St e ee e
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TABLE 16. Survival of E. coli ATCC' 11775 Stored in NB and
TSB Adjusted to Different pH Levels, at ggC for 3 Days
_ Survival of-CelIsﬂ(log cfu/ml) \\—‘
Suspending media: NB ‘ ‘ TSB
Plating Storage time - Storage time

pH Media Day 0 Day 1 Day 2 Day 3 Day O Day 1 Day 2 Day 3

5.5 VRBA 8.30 8.17 8.05 8.05 8.36 8.28 8.12 B8.13
T/V  8.35 8.42 8.36 8.36 8.40 B8.45 B8.29 B.26

6.0 VRBA 8.33 8.16 B8.55 7.94 8.34 8.22 7.98 7.95,
T/V  8.24 8.47 B8.34 8.3¢ 8.48 8.41,8.24 .8.2]
6.5 VRBA 8.35 8.25 8.02 7.86 8.33 8.24 7.95 7.70
'8.42 8.44 B8.24 8.09

T/V  8.60 B8.44 8.35 .8.37

TABLE 17. Survival of K. pneumoniae ATCC 13883 Stored in NB
and TSB Adjusted to Different pH Levels, at 4°C for 3 Days

Suspending media: NB o ' TSB
Plating . .Storage time B Storage time
-pH Media Day O .Day 1 Day 2 Day 3 Day 0 Day 1 Day 2 Day 3
o . -

5.5 Mcic 7.88 7.55 7.59
T/V  8.28y 8.14 8.10
(i .

.23 7.95 7.56 7.68 7.52
.99 8.19 8.18 8(J4 8.16

N

6.0 MCIC 7.63 7.43 '7.54 7.11

| 7.97 7.45 7.31 7.18
T/V  8.24 8.10 7.98 7.73 8.30 B.11

8.13 8.01

6.5 MCIC 7.32 7.58 7.10 6.79 8.04-'7.48 7.46 6.91
T/V  8.38 8.13 7.74 7.41 8.29 8.15 8.03 7.71

Key:  VRBA = Violet Red Bile agar
MCIC = MacConkey Inositol Carbenicillin agar
T/V = Tryptic Soy agar overlayered with

Violet Red Bile agar (TSA/VRBA)

Sy
¢ 2

i
L 4
VoA
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TABLE 18. Survival of K. pneumoniae #2 Stored in NB and TSB
Adjusted to Different pH Levels, at 4oC fvr 3 Days

~ Survival of Cells (log cfu/ml)
Suspending media: NB , : TSB
Plating Storage time Storage time

pH Media Day 0 Day 1 Day 2 Day 3 Day 0 Day ! Day 2 Day 3

5.5 MCIC 8.32 8.21 8.12 8.05 8.40 8.37 8.31 B8.27
LTV .40 8.34 8.28 B8.15 8.42 8.51 8.39 B.36
6.0 MCIC 8.34 8.23 8.03 8.02 8.35 8.41 B8.28 8.Zo
"T/V 8.43 8.35 B.14 8.16 B8.43 8.52 8.37 B.33
6.5 MCIC 8.34 B8.20 8.06 7.96 8.37 8.45 8.33 8.25
T/V 8.39°8.29 8.20 8.14 8.44 B8.26 8.34 8.38

i

TABLE 19. Survival of K. oxytoca ATCC 13182 Stored in NB and
TSB Adjusted to Different pH Levels, at 4°C for 3 Days

Suspending media: NB . TSB

Yy

Plating Storage ‘time ' -~ © Storage time
pH Media Day 0 Day 1 Day 2 Day 3 'Day 0 Day 1 Day 2 Day 3

5.5 MCIC 8.20

8.11 8.00 7.98, 8.19 8.14 8.07 8.11

T/V  8.32 8.32 B8.30 8.20 8.35 8.32 8.24 8.24
6.0 MCIC 8.28 8.07 7.90 7.89 .8.20 B8.18
T/V  8.33 8.35 B8.18 ,8.14 8.30 B.38
6.5 MCIC 8.24 8.08 7.95 7.82- 8.18 8.18
8.35 8.23 8.12 +8.37 B8.38

T/V 8.38
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TABLE 20. Survival of K. oxytoca #1765 Stored in NB and TSB

Adjusted  to Different pH Levels, at 4°C FQP 3 Days

pH

£,
& g

Key:

Survival of Cells (log cfu/ml)

Suspending media: NB TSB
Plating Storage time Storage time _
Media Day 0 Day 1 Day 2 Day 3 Day 0 Day 1 Day 2 Day 3
MCIC 8.04 8.10 7.81 7.66 8.00 8.07 8.01 7.99
T/V 8.18 8.08 7.99 7.81 g8.12 8.11 8.11 8.06
MCIC 7.96 7.86 7.71 7.56 8.04 8.06 B8.00 7.87
T,/V 8.12 8.04 7.94 7.77 g8.14 8.11 B8.06 8.01
MCIC 7. 7.95 7.73 7.46 7.98 8.00 7.91 7.72
T/V g8.11 7.95 7.84 7.77 g.12 8.1t 8.01 7.90
See bottom of Table 17, page 76.
: %
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TABLE 21. Analyses of Variance for Effect of pH and Broth on
survival of Test Cultures Stored at 4°C for 3 Days

. Probability. (P)
Selective Repair
Medium - , Mediym ¥
Source of Variation (VRBA or MCIC) ~ (TSA/VRBA)
Organism (0O) ' <0.0001 <0.0001
Treatment (T) <0.0001" - <0.0001 .
Replicate (R) , ~ <0.0001 0.0007
OT 1 0.0011 ©0.0007
OR <0.0001 0.0031
TR 0.2074 0.9982
Days (D) - ©<0.0001 <0.0001
DO <0.0001  <0.0001
DT . <0.0001 . <0.0001
DR. 0.1823 7 0.0158
DOT 0.0001 . - -<0.0001
DOR - 0270044 . - -0.0015

DTR : - - 0.2552 .0.0687
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variables; as a result, the data were partitioned into

. A4
analyses for each of the test organisms, and th results are
shown .in Table 22. Treatments, consisting of the two broth

media, each adjusted to 3 pH levels, had a significant

effect (P<0.05) on the survi- 11 organisms except E.
coli ATCC 11775, and K. oxy1l 13182 -when it was
plated on the "repair” medium. . .rage time (days) had a

. significant effect on the survival of all test organisms.
Some significant interaction effects were %eeefded, howeeer
they were not further analysed because the reductions in the
counts dering the'storage time wefe less .than -1 log cycle,

which makes them of little practlcal 515}Tf ance.

'\;fh The dally recording of the pH values showgd changes no

i, efore inoc fatlon with the test cultures, the ground

.
-

dlfferent treatments. A sample of

ground beef was digided into 5 portlons; three were adjusted

to pH 5.5, 6.0, and 6.5; the other two were stored at 10°C

for 24 h, one undér anaerobic conditins (vacuum packaged),

v <

the other under aerobic conditions. "This was done to allow

the growth of the natural meat microflora. All samples'were

then ihbsylated.with'the teSt'cultures‘and stored at 4°C’ for

3 days. The mean pH of the, vacuum pgckaged" beef was 5.7

(range 5.6. 5. 7) and ofx3_A“'aerob1c , beef was 5 8 (range,J

S

5.7 - 5.8). The daga}forvsurvival of‘ehe test cultures in

meat under theseéconditions'are;ehown‘in Tables 23 to 27.

N . . R e LL‘I s

; . Pt

- . LS oay\-g .
’ E ~’ b - "‘
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TABLE 22. Summar
Broth Effect on

Source of
Variation

(VRBA or MCIC)

Treatment (T) 0.1832  0.0229
Replicate (R) 0.5555  0.0004
Days (D) <0.000% <0.00071
~pr 0.0126  0.0016
DR 0.7547 0.0118
TC&/VRBA) '
Treatment (T) 0.3753 0.0001
Replicate #R)  0.2067° 0.0005
Days (D)  0.0001 <0.0001
DT 0.1048 <0.0001
DR 0.0505 ¢y 0.0693
Key: 1 = E. col | ATCC 11775;
3 = K. pneumoniae #2; 4
5 = K. oxytoca #1765

guof the Analyses of Variance for pH and ‘

rvival oF Separate Test Cultures

Test Cultures

3

Probability (P)

0.
0.

<0.
0.

0

[N o - OO

0008 0
1228 0.
0001‘ <0
3929 0
.3839 0.
.0104
L0261

L]
.0003' <0.
.3584 Q.
.0851 . 0.

pneumon iae ATCC

0.
-0

.0130
0031 -

.0001
.0709

0571

7447
.0086 -

0001

0428
1592

81
k4

.0005

OO

<0.0001

O O,

.1374

.0183

.0678

0.0018. .

0.0468

- <0.0001

0.0171

0.0846

A

P

13883;

. oxytoca ATCC 13182;



TABLE 23.

Survival of E.

\

\

coli ATCC 11775 Stored

in Ground

Beef Adjusted to Different pH Levels, at 4oC for 3 Days

Plating“
pH Media’
5.5 VRBA

TSA/VRBA
6.0 VRBaA

TSA /VRBA
6.5 VRBA

TSA/VRBA
Vacuum VRBA
Packaged TSA 'VRBA
Aerobic VRBA

' TSA 'VRBA
TASLE Zg. Sumvival of
Ground Beef Ldjusted t
Days

Plating
o= Mecia
3.8 VDT

' T3i VRBA
£.¢ MCIC

TSA‘VRS@
£.3 » MCIC

TSA VRBA
Vacuum MCIC
Packaged TSA 'VREBA
Aerchic MCIC

TSA VRBA

'See. focotnete at bottom of Table

VRBA
MCIC
T//\r”--

Rey:

Violet Red

mon n

Violet Red

\
“

Surv1val of Cells

82

(log cfu/g)

Storage Time

Day 0 Day 1 Day 2 Day
7.15 6.96 6.87 6.54
7.16 .19 .7.05 6.95
7.16 7.00 6.56 6.57
7.19 7.19 6.99 6.91
7.1¢ Ti.02 6.88 6.77
7.3% 7.21 7.14 7.10
7.1 6.67 6.60 6.33
7.61 7.18 6.99 6.85
7.07 700 T.08 €.”8
T.2¢ T.18 L. Toag TL.03

pneumoniae ~/CC 13855 Stored -
Different pH Levels, at I°C for 3

Stcrage Time

Bay € Day Dav Day
§.7C .18 S.8° g.=22
g.82 6.63 .22 5.8¢
€.7¢ 6.4 S.S3 .87
€.52 ¢.el .28 &.C3
£.78 .15 .83 5.8C
€83 6.6 6,33 6.1
§.62 .33 .07 £.58¢
6.80 c.8¢ .5 6.45
- - - A = ax
6.5% 6.33 6.08 5.83
.52 6.76 6.27 6.46

' .
14, page 69.

Bile agar -

Bile agar (TSA/VRBA)

MacConkey Inositol Carbenicillin agar
Tryptic Soy agar overlayered with

3

)
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TABLE

pPH
5.5

Vacuum
Packagec

Aerchic -

2e.

om
n

Vacuunm

Packagec

Aerobic

Sum ival
Beef Adjusted tco Differen

Platin
Medial

MCIC
TSA/VRBA

MCIC
TSA/VRBA

MCIC
TSA,'VRBA

MCIC
TSA 'VRBA

MCIC

TSA 'VRBA
of XK.
Plating

Med:a

MCIC
TSA, VRBA

MCIC
TSA 'VRBA

MC:IC

. TSA.VRBA

MC:IC
TSAVRBA

MCIC

- TSA /VRBA

"'See footncte at bottom ¢<f

)
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TABLE 25. Surbival of K. pneuﬁbniae #2 Stored in Ground Beef
Adjusted to Different pH Levels, at 4°C for 3 Days

Survival of Cells (log cfu/g)’

Day O

7
5

7.

B N o A

~) O 3O o o

<10

Table

OO0 (Vol¢ o

.10
7.15

25

.21

ot
| o

o m
N 4 (n 10

~
O .

14,

Key: See bottom of Table 24, page B82.

Storage Time
Day 2

Day 1

13182 Stored

6.74
67

6.
6.

S

1
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TABLE 27. Survival of K. oxytoca #1
Adjusted tc Different pH Levels, art 3°C

Survival cf Cells (liog cfu ¢

Plating Storage Time \
jols! Mec:la _ Dav O day dav 2 day 3
5.8 MCIC t.54 €.77 ¢.5% .40
TSA VRBA t.87 6.72 6.67 €.e°
t.o MC:C t.68 ¢.” % 6.066 t.32
TSA VRBA t.E5 £.5) .56 6. «
6.5 MCIC o.6¢ .83 6.83 6. 60
, - TSA VRBA 6.8¢ €.82 6.98 6.81
Vacueum - MCIC £.45 6.34 ' 6.25 6.09
Packagcedl TSA VRBA £.68 5.59 .36 6.27
Aerobic MCIC ¢.5% 6.20 6.08 6.089
TSA VRBA 6.7% .63 6.29 6.23

"See foctncte at berttom of Table 14, page 685.

Kev: See becttor c¢f Table 24,  page 82.

/
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From the‘data, it was observed that death of E. coli
11775 and K. pneumoniae 13883 occurred during storage. The
extent of death of K. pneumoniaé meat strain. #2 was less d
marked, bu. both of the K. oxytoca strains survived well. No
marked differences in survival were observéd as a reéult of
the different pH levels. The pretreatments of vacuum
packaging and aerobic storage had variable effects on
suréival.ox the test organisms. In general, howe&er, the
test cul-ures survived slightly better in the "aerobic”
meats than in the rvaCuumkbackaged" meats. Within the 3 days
of storage, loss of viability was min%mal.

The data were statistically analysed using the BMDP
Repeated Measures desigﬁ to‘test fér significant effect of
the variables on survival of the organisms. From the summary
of the analysis of variance shown in Table 28, it may be
seen that 1igh levels of interaction RP<0.05),were again
observed for data from the repair medium, but not from.the
selective media. The data were partitioned to measure the
effects of the gtorage treatments for each of the test

‘cultures. The summary of these analyses is shown in Table
29. In some cases, treatments gave a significant effect on
survival of the organisms, storage time wgs always
significant, except for K. oxytoca ATCC 13182 grown on the
selective medium. There were some significant interaction
effects, notably with K. pneumoniae ATCC 13883 and K.
Ooxytoca #1765. In the case of K. pneumoniae 13883, these

<~ interaction effects could be attributed to better survival
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TABLE 28. Analysis of Variance for Effect of pH on Survival
~of Test Cultures Stored in Ground Beef at 4°C for 3 Days

Probatility (P)

Selective Repair
Source of Variation Media Media
. ‘ | 5
Organism (0O) <0.0001 -<0.0001
Treatment (T) . 0.0019 0.2317
Replicate (R) : 0.2022 0.8936
oT 0.0C54 0.2665
OR . - 0.0259 0.2849
TR | 0.2784 0.3402
Days (D) <0.0001 <0.0001
. DO <0.0001 <0.0001
DT 0.6681 0.0020
DR 0.0325 c.0018
DOT | © 0.0840 <0.0001
DOR. 0.4807 0.0002

DTR 0.8862"° 0.0014
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TABLE 29. Summéry of Analyses of Variance for Effect of
Storage Of Test Cultures in Ground Beef

Source of )
Variation 1

(VRBA or MCIC)

-

Test Cultures

-
3

Pro.aibility (P)

Treatment (T) 0.3417 0.11i8 .'385 ).2756  0.0088
Replicate (R) 0.7696 0.057?9 0.4169 (.5389 0.0187
‘Days- (D)—<0.0001 <0.0001 '0.0037 0.42.1 <0.00C:
pT 0.4547 0.0237 0.4031 0.5669 0.037%

DR 0.8016 0.0838 0.6958 0.0491 -0.0061

(TSA/VRBA)

Treatment (T) 0.9909 0.0189 0.0850 0.0022 0.0042
Replicate (R) 0.5214 0.1285 0.0706 0.0306 0.2570
Days (D) <0.0001 <0.0001 <0.0001 0.0404 <0.0001
DT 0.2030 0.0002 0.1776 0.0072 0.0175

DR 0.8722 0.0025 D.0292 0.0463 0.0094

Rey: 1 = E., coli ATCC“11775; 2 = K. pneumoniae ATCC 13883;

3 =_K.‘pbeumoniae #2;

5 = K. oxytoca #1765,

- . 4 = K, oxytoca ATCC 13182;
v
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of the orggnism in meats in which the natural microflora had
been allouéd to develop, as opposéd to those in which the pH
had been ad]usted The reduction in tﬁp test cultures durlng

storage had no practxcal s1gn1f1cance ‘for the K. oxytoca
strains, but for E. Colr and K. pneumoniae the extent of
reduction could be of practxcal significance for detect1on
of these bacteria in meats.

The daily recording of the Sﬁ values of the meat showed

neo aﬁpreciabie differgnce from day to day. The pH fluctuated

by $0.2 pH units.



V1. DISCUSSION AND CONCLUSIONS
It was observéd byCStiles and Ng (1981)‘that K.
pneumoniae (sensu lato) was isolated as one of the dominant

Enterobacterlaceae in meats at packing plants, but that it

\3as Yess f?equently found in meats at retail level. Based on
this observatﬁon,'it wag suggested that K. pnebmoqﬁae (sensu
Aato) might not survive wéll in meats, and if that is the
cése, there is the possibility that it might be used as a
more meaningful indicator organism for sanitation of meats
‘than E. coli.

This study was undertaken to examine the survival of K.
pnéumoniae.and K. oxytoca in liquid bacteriological media
and in ground beef, po determine possible reasons for their
low recovery from retail meats. There were two possibilities
for the decrease iﬁ K. pneumoniae: either that storage of
meats at low temperatures results in a'significant loss of —
viability, or that the fallure to ‘detect K. pneumon | ae
(sensu lato) results from phenotyp1c changes, brought about
by the storage conditions, such as refrigeration,bfreezing

‘and thawing, and prolonged storage at low témperaturgs.

‘ Several factors are known to affect the survival of -
bacterial cells during low temperature storage. These
include the temperature af vhich the cells are held, the
nature of the suspending medium and the length of storage.

"The first part of this study dealt with the survival of K.
pneumoniae and K. oxytoca stored at various temperatures in

broths of differing nutrient composition. Storage

o2 | T
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temperatures that simulate conditions found in food handling
weré'selected for use in the study.

Storage at 10 and 4°C was seleéted to represent péor
and acceptable refrigeration, respectively. Health
departments recomhend 4°C as the storage temperature fo; the
display of meats and other foods. Frozin storage at -16+2°,
and -40°C was selected to represent unstable and stable
freezing témperatures for foods.

Experiments with the test cultures in suspending media
were>d9ne as a pilot study to determine whether survival of
the cells or phenotypic change was most likely to account
for the apparent disappéarance“of K. pneumoniae stored in
meats. From this study it appeared that K. pneumoniae (sensu
lato) dies rapidly under certain conditions, especially at
-16°C. There was some ch#nge in phenotype for the '
characteristics tested, including abiiity to produce gas
from lactose and indole from tryptophan at elevatéd or
'maximum incubation témperatures..These changes occurred as a
result of all treatments, for all of_the test cultures.
However, in contrast to the findihgs of Bueschkens (1982),
mﬁst of the variants were temporary rather than permanent in
nature. Variants generally-recbvetéd their original
phenotype after three subculturés éuggesting injury or
'tempo;ary inhibition of the enzyme system rather than a
genetic change. | A-. .

The éffect Qf the storage t;eatﬁénts on survivél of the

test cultures was not uniform. Not only the specific test

.
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organism, but also suspending mgdium and temperéfure at
which they were stored had a varying effect on survival of
the cej’s. However, death as great as 4 log cycles (99.99 |
percenf) of cells as a result of some treatments indicated
that death of K. pneumoniae was a significaht-posgfbility in
‘the disappearance of these organisms dufing cold storagey
especially during frozen storage at -16°C.

fhe suspending media were all common b;Eterioiogical
broths except 10%TSB, which had been used by Bueschkens
(1982)'to study the effect of cryoprotective agents. In thié
study, the four broths were seiected because of their
different ingredients. TSB is a general purpose grbwth
medium for fastidious organisms and contains peptones and
carbohydrétes that shouldﬁbe cryoprotective (RayA& Speck,
1973).'In contrast, nutrient broth contains fewer .
ingredients and protective agents. Cooked Meat medium was
incdrpqrated in the expériment for its relationship to meat
.and ﬁhe possibility ﬁhat it might indicate a difference
between the bﬁcteriological media and meat. -

Marked differences between mediaiwere apparent, and
‘these differences were influenced by temperature of storage.
Cooked Méat.medium supported the lowest survival of cells at
10 and 4°C, but the greatest survival at -16°C. This was
observed for all 4 ﬁest cultures (see Tabie 71). TSB
generally supported the survival of the test organisms, and

it was always better than 10%TSB. Suspending medium

obviousiy had a marked effect on survival of these test
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cultures auring.storage, even if the effect;on survival of
the'different test organisms varied.

Because of the similaritigs in the survival of the test

" cultures at 10 and 45C, no fﬁrther stu"%s ;ere done at‘
10°C. However, the marked death of organisms stored -at
-16°C, warranted further stuay of yiabilitypduring frozen
storége. As'a result, the more stable freezing temperature
of -40°C was also included 'in thg ground beef experiment. In

‘addition, another reference organism, Kf bxytoca ATCC strain
13182, was included'beﬁause the meat strain.of K. oxytoca

> was not 51gn1f1cantly affected by the storage: treatments.

I'n the meat studles, the test cultures were inoculated
into ground beef at counts of 10’ to 10* cfu/g. This meant
that tﬁere would be little or no interference from the
residual gnterobacteriaceaé, or E. col( and K. pneumoniae
o}ganisms. In contrast to the b;oth studies, survival was
'pooﬁ ag 4gC and good‘at both freezer témpefatpres (-16 and
-40°C). Aq@in markéd differences were observed zetweén the

test orgdﬁisms. Each of the Klebsiella test cultures

deé}eaaod in viability when stored in the suspending broths

b s

”&“4W§\and at a slightly faster rate than was observed for

coii reference strain. The death of the cells was
)Zﬂ
storage. De~th of this number of cells could account for the
recorded disappearance of K. pneumoniae betweenlpacking
plant and retail levels of meat handlzng (Stiles & Ng,

-1§E1) and further supports the possibility of u51ng K
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pneumoniée as an indicator organgsm.for unsanitary haﬁdlfhg
of meats.

- Changes - abilit} of E. coli.to produce indole from
tryptophan and K.‘pneUmonIJe to produce gas from lactose at
‘elevated and maximum in;ubation temperatures occurred at all
storage temperatures. Indole negativé variants regained
their original biochemical characteristics .iter three
-subcultures, whereaé some lactose variants were permanent
changes. Although there were no permanent variants that were
negative for the production of gas from lactose fermentation
or indole from tryptophan a't the elevated temperature of
44.5°C, the detection of temporary variants is significant
in the food indu$£ry. It means thét in a routine examinaticn
of food fér faecal coliforms, using the faecal coliform test
criteria, some of these organisms that have temporarlxy lost
the ablllty to ferment lactose aerogenlcally at 44.5°C w‘ll
not be detected. As a result,fa potentially hazardous food
may be accepteé.' '

The fact that Klebsiella variants were detected that
'were.negativé for gas proéﬁction from lactose at their
maxlmum tempe@?&ure could mean that these organ1sms were
prevxously .aerogenic at 44.5°C. Constant exposure to an
extraenteral environment could. have resulted in a gradual
decreasé in the maximum temperature at which they produce
gas from lactose;-This speculation has significance for the
futurg‘acceptapce of Klebsiella as a faecal indicator,. but’

¢

it indicates that both viability of the cells at 4°C and -
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phenotypic change could account for the cisappearar.c of K.
pneumoniae from meats. From the data in this study, however,
it appears that loss of viability might be a more
significant factor than phenotypic changes.

A meat system, such as fresh ground beef, is dynanic
and the environment in the meat changes as a result of the
growth of thé indigenous meat microflora. Not only the
number of psy;hrotropﬁic bacteria that crow durina .
‘refrigeration (4°C) to 7 days, but also their metabolic
products,'could affect the survival of the test cultures. 7
therefore seemed appropriate to aetermine the effect of pH
a: microﬁial load of the ground beef on the survival of the
tc .. cultures at 4°C. As a result the final experiment was
‘esigned to de.erminé the effect of pH, the meat env’ronme 't
and the meat microflora on survival of the test cultures at
4°C. / -

The experiment was rlanned as a multifactorial,
repeated measures design to determine the effect of test
cultures, broth vcrsus meat aé the suspegding medium, pd and
microbial load of.the meat over time of gtorage (déys). The
statist ‘cal analysis of the data was complicated by the fact
that highly significant interaction effects (P<0.05)
occurfed, This seemed to be largely contributed by the fact
théﬁ different test organisms responded differently to the
storage conditions. From thg analyses on the data that were
partitioned for broth and meat as the suspending media, for

each of the test organisms, it was apparent that aithoqu
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there was often a significant }reatmeng effect, the
differences in survival between levels of pH were of no
practical.significance.'The broth studies confirmed that the
test ofgéﬁisms‘survived well in the broths at 4°C, and that

: 2 :
changes inng, equivalent to changes in pH that might be
ahticipated in meat systems, did not affect the survival of
the organisms to ahy practical extent in the broths.

In meats, the pH wa; adjusted with ammonium hydroxide,
~to simuiaté the growth by-prcducts of the aerobic meat
microflora. The increased pH,levéls of pH 6.0 and 6.5LAdid
not affect the survival of the test cultures any more than’
the nacurq% meat pH of 5.5 t¢ “.6. However, there were
variable dffects attributed to the meats that Jeré subjected
to the 24 h vacuum packaged énd aerobic treatments before
inoculation with the test cultures. These effects appeared
to be influenced by the strain of the test organisms rather
than by the treatment per'se. Altﬁough_highly significant
(P<0.05) effects were observed with the vacuum'packageé and
aerobi pretreatments; they had no pfactical influence on
survival of the test organisms.

The conclusions that can be drawn from this study are
“ that the test organisms survived well at refrigeration
temperatufes.(IO and 45C) when stored in liquid medié,.but
they died at freezing temperatures (-16°C). In contrast,
whgn transferred to a meat environment, they survived bettir

at freezing,températures (-16 and -40°C) than at

refrigeration temperatures.
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It has been argued that E. coli survives well in ;aw
meats and therefore it is not a good iﬁdicator of unsanitary
copditions (Goéﬁfért, 1976). The death of E. coli at
refrigg:ation temperatures, as seen in this study, suggests
Lhat, éontrary'to the arguments of Goepfert (1976), E. coli
may still be-a valuable indicator oréanism in raw meats. The
iéw survival.of'K. pneumoniae (sensu lato) as compared to E.
coli has important iﬁplications»for the concurrent use of
Klebsiella and’E.'coli as indicators of unsanitary handling
and possibly faecal contamination in meats. The greater
survival of K. oxytoca at freeiing temperatures than E. coli
11775 or K. pneumoniae 13883 indiéates that K. oxytoca could
be more important‘than c. céli when used as indicators to
determine the sanitary cohditioﬁs of frozen meats. The
survival of indicator ofganisms in frozen meats is very
important, sihce it has beén'rgported that food pathogens,
for example, Salmonella, survive well in these products
(Georgala & Hurst, 1963).

The presence of a lactic acid microflora is-khown to
‘inhibit the growth of enteric micrqorgan;sms present in
ground meat (Dubois et al., 1979). Vacuum packaging of meats
allows the lactic acid_bacteria to predominate wiile
suppressing the growth of Gram nggative organisms (Foegeding.
et al., 1983). The object of the pretreatment éf,vacuum
packaging the meat was to observe whether a lactic\acid

flora would influence survival of the test ofganisms during

the early periods of subsequent aerobic storage. There was
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in general, no marked difference between the . -vival of the
Klebsie]la-cultures étored in the "vacuum packaged” meat and
those stored in the "aerobic" meat. However, E. Col{ showed
considerable loss of viqbility when stored in "vacuum
packaged” meat compared to "aerobic" meat.

After 24 h Qacuum packaging, the pH range of 5.6 to 5.7
was still within the normal pH raﬁge of fresh meat. It was |
apparent from these observations, that an aerobic flora was
st_. present in the éround béef aft;r 24 h storage under |
vacuum packaged conditions, probably because of absorbed
oxygen .in; the meat.'Apparently] a storage period of greater
than 24 h is necessary for growth of a lactic acid flofa.
Collins-Thompson et al. (1982) reported that a culture of
bacteria stored in broth at 15°C under anaerobic conditions
increased by almost 3 log cycles within 24 h. This suggests’
that, ground beef stored in a vacuum packageAat 10°C, -
assuming a low initial lactic acia flora /(10° cellé/g),
would have contained less than 10 cells/q after 24 h‘as a
result of the_lower‘storage temperafure. Subsequent aerobic'
storage of the meat samples at 4°C supported the growth of
an aerobic microflofa, which may_have suppresseé‘any small
effect of a beginning lactic acid flora. As a result, the
effect of the lactic acid flora on the test cultures may
have been lost. A

This study iﬁdicated that the disappearance of K.
pneumoniae and K. oxytoca in retail meats (Stiles & Ng,

1981) is not primarily the result of phenotypic changes.
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Neither is the death of the organisms in meats at low |
temperatureé influenced by pH or the microbial load of the
meats. Death of the cells in this study, can be attributed
iny to the effect 6f low storage temperatures. Temperature
brobably éamages the cell in some way, interfering with
viability. Speculation is that damage is at the site of the
éell mehbrane, disrupting permeability and allowing the
leakage of.solutes, toxic substances and cell constituents
into 'and out of the cell (Calcott, 1978; Ray & Speck, 1973).
Death“of K. pneumoniae (sensu lato) in meats has important
implications for the use of these organisms as indicators of

unsanitarv nanw’ling in meats.
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