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ABSTRACT
A study of the microbial ecology, with emphasis on
ecological determinants and their influence on catabolic
processes of a man-made food ecosystem (minced lamb) was
made. Surveys of mince from traditional (butchers shops)
and modern (supermarkets) outlets revealed substantial
differences in the composition of the microbial
associations as well as the catabolism of the available
substrates during storage at chill temperature. Gramnegative (Pseudomonas, Enterobacteriaceae), Gram-positive
(Brochothrix thermosphacta, lactic acid bacteria) and, in
some cases only, yeasts were the major taxa. Pseudomonas
fragi was the climax species under aerobic conditions. A
survey in factories provided evidence that the extent of
initial contamination of meat with P. fluorescens may be
associated with aquatic environments in meat preparation
areas. Studies of glucose and oxygen affinities revealed a
minor contribution of these to the above succession of
pseudomonads in stored meat. Simulation of the ecosystem the nutritional, temperature and gaseous atmosphere
dimensions, and a study of the catabolic reactions with
axenic and xenic cultures of spoilage microbes and Listeria
monocytogenes, demonstrated patterns similar to those that
had been observed in the surveys. In toto, D-glucose, Llactate were catabolised in a sequential mode, with a
transient pool of D-gluconate and pyruvate respectively.

The latter were observed with axenic cultures of P. fragi
only. Glucose-6-phosphate was oxidised and
creatine/creatinine catabolised by P. fragi in an advanced
stationary phase with a concomitant production of ammonia
under aerobic conditions only. L-lactic acid, and D-lactic
produced by leuconostocs, were oxidised to acetic acid by
the dominant Gram-positive flora under an atmosphere
enriched with carbon dioxide. Acetic acid was catabolised
by pseudomonads under aerobic conditions. Growth of L.
monocytogenes was dependent on the glucose. The results of
the study3fcliscussed in a broad view by encompassing
principles from other branches of biology.
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INTRODUCTION
Of all the red meats used in the United Kingdom, lamb has
received least attention in the context of microbial
spoilage. This may be explained in part by the dominance of
primal joints in the traditional U.K. meat market. Over the
past few years there has been a marked growth in the
manufacture of lamb products especially of minced lamb for
home and catering use. The former topic was explored in
considerable detail by Dillon (1988). The latter has not
been examined in any detail. In the present study the
microbiology of minced lamb from different types of
retailers was examined with the objectives of (i) defining
the composition of the initial flora, and (ii) monitoring
the development of the microbial associations that cause
spoilage at chill temperatures under different gaseous
environments. The microbiological studies were linked with
examination of the physico-chemical changes such that
spoilage was defined in chemical terms.
Attention was also given to the interaction between
major groups of organisms with the objective of identifying
the means whereby one group of organisms became a climax
species of a spoilage association. In this phase of the
study a meat juice prepared from minced lamb was used as a
model for the growth of (a)xenic cultures.

2

Similarities between the physico-chemical changes
observed in the mince and the juice support an integrated
view of the microbiology of minced lamb based on the
precepts of food microbial ecology. These are considered in
the Literature Review and discussed in this Thesis.
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CHAPTER 1. LITERATURE REVIEW

I. Introduction
One could say that science is man's intellectual endeavour
to interpret natural processes and, then if possible, to
intervene or to apply these to other aspects of his
civilization. For example the production, processing and
preservation of food are obviously of pivotal importance
for mankind. Food microbiology as a branch of biology must
and indeed does play a substantial role in food production
world-wide. Today, food microbiologists are confronted, on
the one hand, with the creation and development of
sophisticated food ecosystems for the consumer's
convenience and, on the other hand, with the prevention of
microbiological hazards and assurance of product safety as
well as the prevention of loss of world food production.
These opposing goals are dictated by the new life styles of
the populations of industrialized countries, and the
poverty and the malnutrition which confronts populations of
the underdeveloped ones. There is a common approach, namely
ecological, to these problems. How could one summarize the
tasks of a food, especially a meat microbiologist, along
the entire food production chain -"from farm to fork"? The
answer might be: (i) to minimise initial contamination and,
if feasible, to exclude pathogenic microorganisms from the
animal ante-mortem, (ii) to reduce the initial
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contamination and to render meat products safe for
consumption (e.g. pasteurization of ham), (iii) to attain
an efficient process specific for a particular product,
e.g. fermented sausages,
growth,

(iv) to delay or inhibit microbial

(v) to establish systems by which post-processing

contamination can be avoided, and (vi) to ensure safe
product handling.
These efforts of the meat scientist can be summarized
(Mossel 1989) in the maxim "longitudinally integrated
safety assurance" LIZA or, as it is often called "hazard
analysis critical control point" -HACCP- evaluation.
To implement these successfully, the food
microbiologist must adopt the principles of microbial
ecology, especially those concerning determinants which
create a particular niche in and hence the selection of a
specific microbial association on/in meat and meat
products. Furthermore, he needs to appreciate fully the
underlying features in the development of food
associations, recognizing the potential for microbial
successions and the degradative changes accompanying these.
The decomposition (colloquially called spoilage) of manmade food ecosystems by microorganisms is of course a part
of the natural process by which the cycle of essential
resources and nutrients takes place (Mossel and Ingram
1955, Board 1968, 1969, 1983, Board and Gould 1991, Gould
1992, Sinha 1991, Mills 1991, Roberts 1990, Mossel and
Struijk 1992, Mims et al . 1993).
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It will be evident in this review that an effort has
been made to couple, when appropriate, general ecological
concepts and principles with the commonly descriptive
literature on food microbiology. Following this
interdisciplinary and holistic approach, emphasis is placed
not on a catalogue of the incidence and occurrence of
microorganisms on fresh or chilled meat and meat products,
but on the link between the growth, diversity and dominance
of microbial populations and their ecophysiological
attributes (Mossel 1971). Moreover, such an approach
encompasses also the amendment of both by modifications of
the ecological determinants and possible interactions with
and consequent inhibition of pathogenic microorganisms
present in an association. Physico-chemical changes are
also considered as indicators of microbial growth.

II. Ecological determinants and the genesis of a microbial
association
The concept of ecological determinants and their role in
the genesis of a microbial association were first
introduced to food microbiology by Mossel and Ingram (1955)
in their classic paper on the physiology of the microbial
spoilage of foods. This paper has proved to be the staddle
stone of the ecological approach to modern food
microbiology (Board 1983, Board et al . 1992). In meat and
meat products five categories of ecological determinants
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influence the development of the initial and transient
microbial associations and determines the rate of
attainment of a climax population by the ephemeral spoilage
microorganisms (those which fill the niche available by
adopting R-[ruderal]-ecological strategy as a result of
enrichment disturbance of an ecosystem [Boddy and Wimpenny
1992]). These are (1), the intrinsic factors associated
with the physico-chemical attributes and structure of meat
(eg. pH, water activity, buffering power, the presence of
naturally occurring or added antimicrobial components, Eh
and redox poising capacity and nutrient composition); (2),
processing factors that may influence markedly the
structure of the primary community; (3), the extrinsic
parameters which commonly have selective influences of the
greatest relevance under commercial conditions, such as
temperature, relative humidity and the composition of the
gaseous atmosphere obtaining during distribution and
storage; (4), implicit factors (intrinsic biotic
parameters) that play an important role in the genesis of
spoilage associations -these may include antagonism,
synergism, and syntrophism covering both spoilage and food
poisoning microorganisms, and (5) the emergent effects due
to those factors that interact to produce effects greater
than would be expected from their action in isolation
(Mossel 1983, Gould 1992, Odum 1993).
In essence all of the above determinants constitute
the dimensions of a particular ecological niche -an n-
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dimensional hypervolume (Begon, Harper and Townsend 1990),
a concept introduced by Hutchinson (1957) . Indeed the
ecosystem approach is pertinent in an analysis of changes
occurring in meat or meat products. In practice, therefore,
meat technologists attempt to modify some or all of the
dimensions noted above in order to either extend the shelf
life of meat or to create new products with acceptable
shelf lives.
Although the microbiology of meat has been examined
throughout this century (Newton et al. 1937), detailed
studies of the bacteriology of meat can be considered to
have begun with the advent of supermarkets in the early
1950*s. Storage of meat exposed to a normal atmosphere on
chilled shelves was found to lead to spoilage by
Pseudomonas spp. At the outset much attention was given to
the taxonomy of these organisms. Subsequently the chemistry
of their contributions to off-odours attracted attention
(Ayres 1960).

III. Taxonomic studies on pseudomonads
The Gram-negative aerobic eubacteria which are associated
with meat ecosystems are listed in Table 1.1. Among these
Pseudomonas are important because of their dominance in the
aerobic climax associations at chill temperatures. Ayres
(1960) in his review emphasised the need for taxonomic
revision of Pseudomonas spp. At that time the
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classification, nomenclature and identification of species
of this genus, the trinity that Cowan (1968) referred to as
taxonomy, were wholely unsatisfactory. This resulted in
many poorly defined species of the genus in the reports of
most investigators (Stanier 1980), especially those of food
microbiologists (e.g. Ayres 1960).
In the classic studies by Stanier et al. (1966), the
classification of species appeared to have been resolved by
comprehensive testing of phenotypic attributes. In practice
Stanier and his collaborators tested a large number of
isolates for their ability to use a wide range of organic
substrates as sole carbon and energy sources for aerobic
growth. They identified five major groups of pseudomonads.
This grouping appeared to have been confirmed subseguently
by Palleroni et al. (1973). They showed that each group was
effectively a relatively closely circumscribed rRNA-DNA
hybridization group. Subsequent studies (Willems et al.
1992) have shown, however, that only one of the groups, the
fluorescent one, of Stanier and his colleagues is
Pseudomonas sensu strictu. All the pseudomonads isolated
from meat belong to this genus.
Davidson et al. (1973) appear to have been the first
to apply Stanier's approach to isolates from meat and meat
products. They failed to identify the majority of their
isolates with any of the species defined by Stanier and his
co-workers. In retrospect this was not an unexpected
observation for the simple reason that Stanier and his
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associates did not include isolates from meat -or other
chilled proteinaceous foods for that matter-in their
culture collection.
Subsequent studies by Molin and Ternstrom (1982), Shaw
and Latty (1982) and Banks and Board (1983) endorsed this
observation and various biovars of Pseudomonas fragi became
widely accepted as the principal aerobic Gram negative
bacteria in the microbial associations of meat and certain
meat products at chill temperature. This was not a new
species sensu strictu. It had been isolated from meat and
named by Eichholz (1902) and was shown by Hussong, Long and
Hammer (193 7) to be an important spoilage organism in the
dairy industry. Further studies by Molin and Ternstom
(1986) and Molin et al.(1986) of meat defined a new
species, P. lundensis. Pseudomonas fluorescens and the two
species noted above constitute a significant part of the
spoilage microflora on chilled meat stored in an aerobic
atmosphere. In practice members of the P. fragi complex and
P. lundensis were the dominant organisms in the vast
majority of the meat samples examined by these authors.
This observation is in keeping with the ecological
principles noted in the preceding section, namely,
selective pressures reduce species diversity of the initial
population in a disturbed ecosystem.
Succession of pseudomonads during storage has been
noted (Barnes and Shrimpton 1958, and Halleck, Ball and
Stier 1958). Shaw and Latty (1984) found that the taxonomic
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composition of the pseudomonad populations in chill-stored
meats was determined largely by the relative incidence of
each taxon in the initial contamination. This implies that
the absence of change in proportions with storage is due to
the taxa having similar growth rates. The validity of such
a concept was considered in this study (Chapter 4).
Prieto et al. (1992a), who studied species of
Pseudomonas from lamb carcasses, confirmed that P. fragi
was the main member of the triumvirate -P. fragi, P.
fluorescens, and P. lundensis. They noted that the
proportions of P. fragi-P. lundensis tended to decrease as
spoilage progressed. In practice the literature does not
offer explanations for the apparent succession of
pseudomonads species in meat ecosystems. This topic was
examined in the present study (Chapters 4 and 5).
Other species of Gram-negative aerobic bacteria (Table
1.1) have been isolated from lamb carcasses (Prieto et al.
1992b) and spoiled meat, milk and cheese (Gennari et al.
1992, Eribo and Jay 1985) but are of a minor importance
because of the small numbers which participate in the
spoilage associations and their low spoilage potential.

IV. Pseudomonads and the gaseous environment
The partial pressures of carbon dioxide and oxygen
constitute two of the cardinal dimensions (Hutchinson 1957)
of an ecological niche. Consequently, the composition of
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the gaseous atmosphere in which meat and meat products are
processed, packed, transported, stored or displayed is of
pivotal importance in the development of microbial
associations.
It is important, however, to consider the function of
a gaseous atmosphere in relation to temperature and the
importance of the time of application to a food in order to
create a food storage system. The synergistic and
inhibitory functions of the above have been widely accepted
and, in general, vacuum packaging, modified atmosphere, and
controlled atmosphere packaging are commonly used in the
meat industry. Ingram's (1962) influential paper,
"Microbiological principles in prepacking meats", laid the
foundation for the understanding of such man-created food
ecosystems. He stated that the observed inhibition is due
to the synergism noted above and its influence on the
development of a microbial association, namely, the
selection of a facultatively anaerobic flora with a low
spoilage potential. The effect of cold on the growth of
micro-organisms, particularly its selective action (Ingram
1951), as well as the physiological adaptations of
psychrotrophic microbes (Gounot 1986) will not be
considered in the Review. In this section, the effect of
carbon dioxide on bacterial growth, particularly on
Pseudomonas spp., will be examined.
The majority of studies on the physiological effects
of carbon dioxide on living organisms have been concerned
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with plants and its anaesthetic properties (see Dixon and
Kell 1989). The mode of action of carbon dioxide in
relation to its application as a food preservative was
reviewed by Moran (1938), Gill and Molin (1991), Jones
(1989), Dixon and Kell (1989) and Daniels et al•(1985).
Among the prevailing hypotheses on its mode of action are
those relating to perturbation of the functions of the
cytoplasmic membrane, induction or repression of enzyme
synthesis, modulation of enzymic reactions, influence on
substrate uptake and change of the intracellular pH.
The fundamental investigations on the phenotypic
expression of pseudomonad inhibition by carbon dioxide are
those of Haines (1933), a pioneer microbial ecologist of
this century (Mossel and Struijk 1992). One can say, with
little fear of contradiction, that the studies considered
below are extensions of Haines' experiments and they merely
endorse his conclusions. Haines showed the strict
interdependence of low temperature and carbon dioxide
concentration. He showed also that the cultural carrying
capacity, namely sizes of the final population, was equal
numerically under aerobic or carbon dioxide enriched
conditions, the only difference being in generation times.
He observed also that inhibition was not due to a decrease
in the pH of a medium and postulated that the mode of
action was due to modulation of the dehydrogenating enzymes
of the cell.
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King and Nagel (1967), who studied the inhibition of
P. aeruginosa grown in an atmosphere containing 50% CC>2 /air
(v/v) at 24±1 °c, found that a decrease in growth rate was
the major effect. They found also that there was a linear
relationship between generation times and CO2
concentration. They studied the influence of CO2 on the
catabolism of different substrates and observed that CO2
influenced differently the catabolism of acetate, glucose,
malate, citrate, succinate and fumarate.
Subsequently, the same authors (King and Nagel 1975)
working again with P. aeruginosa, concluded that, under the
above mentioned conditions, carbon dioxide had a mass
action effect upon the rates of certain decarboxylation
reactions. In addition, there was no evidence of an
abnormal accumulation of metabolic intermediates.
Gill and Tan (1979) investigated the effect of carbon
dioxide on P. fluorescens at several temperatures, using a
glucose minimal medium with or without the addition of
casamino acids and yeast extract. They showed that the
maximum effectiveness of carbon dioxide at low
concentration (2 50 mm Hg) occurred in complex media. They
observed, however, a stimulatory effect of CO2 at low
temperatures when the micro-organism grew in the minimal
medium lacking casamino acids and yeast extracts.
In another study (Gill and Tan 1980), the effect of
CO2 on fluorescent and non-fluorescent pseudomonads as well
as on other food spoilage micro-organisms was investigated.
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There was a difference in the magnitude of inhibition
between the pseudomonads independent of whether they were
grown on a meat surface or in a liquid medium. It was found
that non-fluorescent pseudomonads were less affected by CO2
than fluorescent ones, and a decrease in temperature did
not change the extent of inhibition of the non-fluorescent
pseudomonads by CO 2 .
Tan and Gill (1982) , in their discussion on the
physiological basis of CO 2 inhibition of P. fluorescens,
suggested that the inhibitory action of CO2 operates at the
level of substrate uptake. It is worth mentioning that
these authors did not present data about transport kinetic
constants in the presence or absence of carbon dioxide
(values of K«p, a measure of the affinity of a membrane
protein for a solute, and Vmax which describe the maximum
velocity with which the solute transport process operates).
Enfors and Molin (1981a) found that the maximum
specific growth rate (Mmax) °f p

grown in air and in

air containing CO2 (0.5 atm) was maximum at 30 °C and
decreased progressively as the temperature declined and
that CO2 alone had a pronounced inhibitory effect at all
temperatures. The authors attributed the former response to
the enhanced solubility of CO2 at low temperatures thereby
supporting Haines'

(1933) concept of synergistic effects

between CO2 and low temperature. Enfors and Molin also
observed that the growth rate was relatively unaffected by
pH of a medium in the range 5.7-6.7. In a subsequent
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discussion about the effects of different gases on the
activity of microorganisms, Enfors and Molin (1981b)
referred to the disturbance of the function of the integral
membrane proteins due to the dissolution of CO2 in the cell
membrane as a possible mode of action.
Silliker (1981) put forward an alternative
explanation. He proposed an analogy between the carbon
dioxide effect and the inhibitory effects of other well
known food preservatives e.g. acetic acid. An interesting
feature of his observation was the demonstration of a
residual effect of C02 on microbial growth in meat
ecosystems (Silliker et al. 1977). This is a phenomenon in
which C02 inhibition of the microbial flora persists after
its removal from the inhibitory gas. The author offered two
explanations: first, the possibility of a protracted lag
phase of the inhibited microorganisms, and second the
absorption of C02 through reaction with free amino groups
of proteins and its release to the environment at a low
rate at chill storage temperatures.
Baker, Qureshi and Hotchkiss (1986) studied the
inhibition of P. fragi grown in Trypticase Soy Broth (TSB)
and ground chicken meat in 100% air or 80% C02 -balanced
air (w/w) at 2, 7, and 13 °C. Inhibition was most
pronounced in the meat cultures. They found that in all
cases with meat the growth was less in C02-containing than
that in aerobic samples at the same temperature. This
observation is in accord with that of Gill and Tan (1979)
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who have noted that CO 2 inhibition of bacteria is enhanced
by complex media.
Finally, Wolfe (1980) put forward another view on the
mode of action of CO2 , namely that the ability of CO2 to
penetrate the bacterial membrane changes the intracellular
pH. He inferred this from studies with other living
organisms -Xenopus embryo- rather than with direct
investigations using micro-organisms.
It is evident from the above that there is inadequate
information on CO2 toxicity, particularly that relating to
pseudomonads associated with meat spoilage, and that the
mode of action of carbon dioxide needs further elucidation
at the molecular level. As will be evident subsequently,
such lack of knowledge has not hindered the adoption of
carbon dioxide as a means of extending the shelf life of
meat.
The inhibition of pseudomonads, although providing the
advantages of a protracted shelf life which is suited to
the needs of the consumer and the supermarkets, is
detrimental to two important functions of micro-organisms
in a food ecosystem. Firstly, their function as natural
indicators of spoilage, and secondly, and more importantly,
the antagonistic effect on other micro-organisms.
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V. Pseudomonas and the nutritional dimension
Meat is recognised as a rich substrate for growth of living
organisms (Passmore and Eastwood 1986). Nutritive
properties and composition are presented in Tables 1.3 and
1.4.
In a meat ecosystem, however, the content of D-glucose
and L-lactic acid are cardinal ecological determinants.
Their concentrations after the transformation of animal
muscles post-mortem to meat is directly dependant on the
physiological status of an animal ante-mortem as well as
possible treatments (e.g. electrical stimulation, Asglar
and Henrickson 1982) thereafter. In addition to its role as
a nutrient, the amount of lactic acid in a meat determines
the pH value. This in itself constitutes another important
intrinsic determinant (Lawrie 1985). Indeed, Aries, Cheney
and Mossel (1982) emphasised its importance in metabiotic
phenomena, namely, the implications of a "secondary
alkalinization" on an ecosystem by bacteria able to
catabolise lactate. Other aspects of lactic acid are
mentioned in other sections of this Review (Physico
chemical changes and safety in meat ecosystems).
Gill (1976) initiated the discussion of the cardinal
role of glucose as a critical nutrient in the microbial
ecology of meat. He showed that glucose concentration
determined the time taken for incipient spoilage (Fig. 1.1)
and that it was catabolized preferentially by pseudomonads
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growing on meat surfaces or in meat juice under aerobic
conditions. This confirmed the role of carbohydrate in
catabolite repression (Jacoby 1964), especially of amino
acids. In other words, glucose inhibits enzyme synthesis
for these substrates when cells are grown in the presence
of this carbohydrate.
There are now many publications referring to the order
of catabolism of the available carbon and energy sources in
meat (Gill and Newton 1977, Newton and Gill 1978, Farber
and Idziak 1982, Nychas 1984, Nychas and Arkoudelos 1990).
The vast majority of these support the view that initially
glucose is the preferred substrate. A contrary argument,
namely that lactate is of equal importance in meat
ecosystems and that it is utilized simultaneously by
pseudomonads (Molin 1985) has been advanced. The present
study (Chapter 4) deals extensively with the
sequential/simultaneous catabolism of these substrates and
provides an interpretation of the observation by Molin
(1985) .
The possible involvement of creatine in meat spoilage
has attracted limited attention. In laboratory media it is
not catabolized by P. fluorescens but it is by P. fragi and
P. lundensis (Banks and Board 1983, Shaw and Latty 1982,
Molin and Ternstrom 1986). Figure 1.2 outlines possible
pathways for creatine and creatinine catabolism by
pseudomonads. The present study set out to establish
whether or not creatine was associated with growth of P.
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fragi in and subsequent spoilage of meat (Chapter 4) . In a
microbial succession a species capable to use an additional
substrate (e.g. creatine) would probably constitute a major
part of a climax population.
The idiosyncratic catabolism of glucose by Pseudomonas
spp. needs to be stressed. It has been reviewed in detail
by Lessie and Fhibbs (1984) and Nychas, Dillon and Board
(1988). Glycolysis in Pseudomonas spp. may be initiated
extracellularly by direct oxidation of glucose to gluconate
(oxidative pathway) or intracellularly by the
phosphorylative pathway (Fig. 1.3).
The existence of alternate, peripheral pathways of
glucose catabolism is of particular importance. Glucose is
transformed via the above mentioned pathways to a key
intermediate, 6-phosphogluconate, of the Entner-Doudoroff
pathway (Entner and Doudoroff 1952, Conway 19192). In
natural ecosystems, the rapid oxidation of glucose may well
sequester this carbon and energy source in a form,
gluconate, which is not so readily catabolized by other
microorganisms. Thus, it may well be that gluconate
constitutes an extracellular storage product, and glucose
is reduced to growth-limiting levels early in the
colonization of meat by pseudomonads. Hence these organisms
may well gain a competitive advantage over those that are
unable to use this substrate. Although the initial amount
of glucose, the temperature, and the p(>2 and pt0 2 of an
ecosystem markedly influence the catabolic pathways of
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glucose (Colin, Mitchell and Dawes 1982, Lynch, MacLeod and
Franklin 1975a,b, and Whiting, Midgley and Dawes 1976),
their overall importance in meat microbiology has

not been

determined.
It has been found also that mutants with impaired 2keto-gluconate metabolism (oxidative pathway) exhibit
prolonged generation times during growth with glucose or
gluconate (Lynch et al. 1975a). The ecological implication
of this is obvious. Pseudomonas spp. with a defective
oxidative pathway would be outnumbered by those in which it
operated normally. This feature was noted in the present
study (Chapter 4).
To recapitulate, glucose is a cardinal nutrient in a
meat ecosystem and it is catabolized initially during
microbial growth. When this ecological determinant or its
oxidative products are reduced in concentrations to non
substrate levels, lactic acid is catabolised. It needs to
be stressed that when this second major carbon and energy
source is exhausted the microbial association is at its
climax stage, mainly a consociation (Clements 1936) of P.
fragi under aerobic conditions. This species continues to
grow, although to a limited extent at the expense of
available amino acids and related compounds and establishes
the phenotypic characteristics at the stage of a product's
overt spoilage.
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VI. Lactic acid bacteria in meat ecosystems
Studies on lactic acid bacteria associated with fresh meat
ecosystems has lagged behind those of fermentative
ecosystems e.g. salami. Indeed, the creation of meat
ecosystems with new packaging technologies was the most
important impetus to studies of lactic acid bacteria
associated with fresh meat storage (Ingram 1975, London
1976, Kitchell and Shaw 1975). In addition, one could say
that these imposed determinants, operating like selective
media, lead to a new hierarchy in the population of the
meat ecosystems (Ingram 197 5). Indeed Pseudomonas -"the
aerobic level" of the ecosystem, relinquished its dominant
position to a Gram-positive flora, namely, lactic acid
bacteria and Brochothrix thermosphacta (Nychas et al.
1988) .
Studies with lactic acid bacteria can be assigned to
four categories. Firstly, those dealing with the taxonomy
of the lactic acid bacteria which assume dominance during
storage; secondly, investigations of their interaction with
other micro-organisms in an ecosystem; thirdly,
physiological and genetical studies with emphasis on
detailed characterization of the molecular properties of
bacteriocins and finally, studies on the implications of
their interactions with man especially in terms of health
and dietery role when used in nutrition (Gilliland 1990,
Aguirre and Collins 1993).
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Taxonomic studies revealed that "atypical
streptobacteria and betabacteria" developed in meat
ecosystems (Hitchener, Egan and Roger 1982, Shaw and
Harding 1984). Subsequent studies led to the description of
new species and the creation of the genera Carnobacterium
(Collins et al. 1987) and Weissella (Collins et a l. 1993)
to accommodate atypical lactic acid bacteria associated
with meat storage ecosystems (Table 1.2).
With the second theme, the ecological competition of
lactic acid bacteria and their antimicrobial activity to
other members of the microbial association has been
established. Antimicrobial factors produced by lactic acid
bacteria have been reviewed by Piard and Desmazeaud (1991,
1992). The search for natural antimicrobial systems (Banks,
Board and Sparks 1986, Chung and Murdock 1991) has led food
microbiologists to investigate these organisms as possible
natural antimicrobial systems for biopreservation (Lewus,
Kaiser and Montville 1991, Stiles and Hastings 1991).
Lactic acid bacteria have a certain propinquity with
another important taxon, Brochothrix thermosphacta (Sneath
and Jones 1976, Wilkinson and Jones 1977). This species is
noted repeatedly in the literature on lamb ecosystems
(Barlow and Kitchell 1966, Newton, Harrison and Smith 1977
and, Shaw, Harding and Taylor 1980). Studies have reavealed
two distinctive properties of this organism: a temperature
and medium dependent catalase activity (Davidson and
Hartree 1968) and pleomorphic growth (Davidson, Mobbs and
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Stubbs 1968). Other characters in the context of meat
microbiology

have

been reviewed by Gardner (1981) . Two

features are of importance. The inhibition of B.
thermosphacta by lactic acid bacteria and the possible
production of bacteriocins by B. thermosphacta (Stiles
1991). Collins-Thompson, Wood and Beveridge (1983) showed
that inhibition of B. thermosphacta by Lactobacillus brevis
was due to a lesion in the "peripheral" cell wall. The
causative agent was not identified. Roth and Clark (1975)
showed that anaerobic conditions were a necessity for
inhibition of B. thermosphacta by lactobacilli. This
property is commercially important as the spoilage
potential of lactobacilli is less than that of B.
thermosphacta (Egan, Ford and Shay 1980).

VII. Changes in meat-storaae ecosystems
Figure 1.4 depicts three views of such changes. The classic
view of the bacterial sigmoid growth curve in batch culture
view

-A -(Monod 1949), an ecological with an energy flow model
for a developing and a climax ecosystem -B -(Odum 1993)
and, a biochemical one -a schematic block diagram of the
metabolism of a heterotrophic aerobic cell -C -(Atkinson
1977). How are all these views associated with the physico
chemical changes of a meat ecosystem? During development,
the growth block (Fig 1.4C) is active in consuming a large
proportion of the existing energy. Indeed, carbohydrates,
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namely D-glucose and D-glucose-6-phosphate meet this
demand. As growth is not unrestricted due to the definitive
amounts of substrates a climax, steady state is achieved
(the microbiologist*stationary phase of growth). At that
stage net growth ceases but oscillations may be observed in
the case of populations that have overshot the carrying
capacity of the system. Indeed this phase is important for
the underlying changes which may occur. Under the
adaptation and induction phenomena discussed by Kluyver
(1956), at this stage "specialists" of the total population
derive the maintenance energy via further oxidations as can
be judged by enumeration of cell viability in artificial
laboratory media.
Ingram (1971) introduced the principles for
understanding the changes occurring in foods due to
microbial growth and activity. First and foremost, due to
ecological heterogeneity, microbial changes are not always
homogeneously distributed in a food ecosystem. Hence only a
small part might be involved in critical changes. Secondly,
alterations detectable by orthodox chemical methods can
only be produced by a microbial association approaching its
climax stage. In this case, the causative species are
easily identified. On the other hand, some of the microbial
toxins and many of the odoriferous metabolites, which are
important in small quantities only, may well be produced by
a minor fraction of the microbial association ( Ingram
1971). This means that the causative species are difficult
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to isolate by direct plating. Ingram and Dainty (1971)
suggest that spoilage of meat ecosystems at chill
temperature is superficial and is caused by "extrinsic"
micro-organisms. The origin of these external micro
organisms are the environments in which animals are raised
and in which meat is processed (Ingram and Dainty 1971).
It is now generally accepted that the organisms -the
members of the climax association- which cause appreciable
changes in meat stored at chill temperature are
pseudomonads, Enterobacteriaceae, B . thermosphacta, lactic
acid bacteria and yeast. Their contribution to the spoilage
process is a function of their initial population size and
that achieved after selection by the ecological
determinants.
Attempts have been made (Newton et al. 1937) over the
past 70 years to correlate the quality of meat with
physico-chemical changes caused by microbial associations.
The following methods have been proposed: extract release
volume (ERV) (Jay 1964), titritable acidity (Shelef and Jay
1970), pH value, and the amount of glucose in meat (Gill
197 6). Attempts have been also made to correlate microbial
growth with the accumulation of metabolic end products. The
detection and identification of volatile substances and
concentration of ammonia have been investigated also
(Ingram and Dainty 1971, Dainty et al. 1983, Dainty and
Mackey 1992). Table 1.5 gives a summary of methods that
have been used for assessing meat quality (Jay 1992).
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Sutherland et al. (1976), working with vacuum packaged
beef stored at 0-2 °C, attributed an acidic odour to acetic
acid accumulation. Nychas and Arkoudelos (1990) found that
lactate, gluconate, acetic acid, ethanol and diacetyl were
present in many samples of minced beef in all the
atmospheres which they studied. They also observed a
transient peak in gluconate concentration at an early stage
of storage and concluded that spoilage patterns depend
mainly on the "unique environment" of meat. Nassos, King
and Stafford (19 83, 1985) showed that the concentration of
lactic acid was inversely correlated with the sensory
properties of minced meat stored under anaerobic
conditions. They found a positive correlation between
lactic acid bacteria and production of lactate.
Stutz et al. (1991) observed that the "component
balance" is essential in the production of spoilage odours,
in other words, the balance and the overall profile of the
volatile compounds produced. It was also proposed that as
indicators, four volatile compounds -acetone, methyl ethyl
ketone, dimethyl sulphide and dimethyl disulphide- could be
selected for the detection of spoilage of ground beef
stored in different oxygen concentrations at 10 °C. Jackson
et al. (1992) found that a large number of volatile
compounds originated from the packaging material.
An interesting observation is the catabolism by
pseudomonads growing on the surface of vacuum packaged beef
of volatiles produced by lactic acid bacteria (Madden and
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Bolton pers. comm.)* The authors found that lactate and
ethanol produced by the lactic acid bacteria were
catabolised subsequently by pseudomonads sandwiched between
the film and the meat surface and they concluded that these
compounds cannot be correlated with a product*s shelf life.
Nychas, Robinson and Board (1991) observed a seasonal
and packaging effect during a survey of ground beef from
retail shops. High quality minced beef had a low pH value,
low titrimetric acidity, high concentration of total sugars
and a high extract release volume.
The production and changes of D-lactate stereo-isomer
is worthy of note. De Pablo et a l. (1989) proposed that Dlactate may be used as an indicator of the microbial
quality of vacuum-packed pork and meat products. They
concluded that, since D-lactic acid is not present in fresh
meats in detectable amounts, the production of this stereo
isomer by micro-organisms is an objective indicator of
shelf life. They observed that this stereo-isomer was
produced both during the growth and the stationary phases
of micro-organisms. It was also observed that there was no
appreciable change during storage of the content of Lisomer which represented about 90% of the total lactic acid
in the system. Moreover, they found that acetoin/diacetyl
was not a consistent indicator of the storage time of
products.
In a further study with pork stored in a high-02 MA,
Ordonez et al. (1991) confirmed the results of de Paplo et
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al . (1989) and observed also that there were no consistent
changes in the content of L-lactate. They concluded that
the L-isomer is produced during glycolysis in muscle and,
in the later phases of storage, by B. thermosphacta as it
becomes dominant. Moreover, D-lactate concentration
increased with increases in the lactobacilli counts and the
concentration of acetic acid increased progressively during
storage.
Borch and Agerhem (1992) inoculated separately beef
strip loins with a homofermentative Lactobacillus sp. and a
Leuconostoc sp. -both strains isolated from vacuum-packed
beef- and followed the chemical changes during anaerobic
storage at chill temperature. With the samples inoculated
with Lactobacillus sp., glucose and L-lactate
concentrations decreased but there was an increase in both
acetic acid and D-lactic acid.
In the samples inoculated with the strain of
Leuconostoc, the glucose concentration fell markedly with
the formation of D-lactate and ethanol -there were no
demonstrable changes in the concentration of the L-stereoisomer. They concluded that the end products produced by
lactic acid bacteria are influenced by environmental
factors and postulated that a switch from homolactic to
heterolactic fermentation is induced by depleted levels of
glucose.
The possible role of acetic acid as an indicator of
microbial growth was also noted in poultry meat packed in a
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modified atmosphere (Kakouri and Nychas 1994). The authors
have given emphasis to the possible shift of metabolism of
the lactic acid bacteria under conditions of glucose
limitation, and consequently, the phenomenal production of
acetic acid.
The above studies, as an expression of an ecosystem,
integrate and endorse the view noted at the beginning,
namely, that marked changes occurred when the population
has reached the climax stage and carbohydrates are
exhausted. Indeed, the massive production of acetate by the
climax population takes place when the "primary" substrate
-glucose, has been catabolised and the population has
reached the levels of the carrying capacity of the system.
Oxidative dissimilation of lactate (Fig. 1.3) -an end
product of a developing succession- under limitation of
glucose as well as the role of oxygen is well documented in
the literature dealing with the physiology of lactic acid
bacteria.

(Frey and Hubert 1993, Condon 1987, Handler 1983)

This topic is considered further later in the Thesis
(Chapter 4).

VIII. Meat Packaging ecosystem

A. General considerations
Nowadays, the consumers1 lifestyle is markedly different
from that of the 1960s (Paine 1991) . The last 30 years have
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seen a rapid growth of supermarkets and once-a-week
shopping. This has major implications for the food industry
and fathered the development of new technologies. This
interaction between the consumer and the food industry
expresses itself in various ways. One of these is the
development and exploitation of new packaging methods.
The main purpose of meat packaging technology is the
extension of shelf life. In parallel, retention of meat
quality characteristics and nutritional value without the
need for food additives and preservatives are important.
All the above objectives must conform to a main
prerequisite: the packed food must "enjoy” a hygienic
"life". From the quality standpoint, meat colour is
important and selection of the gaseous atmosphere has a
critical bearing on this attribute. A consumer's decision
about meat quality at the time of purchase is based
primarily on the colour of the product. To avoid
discolouration of red meat in man-made ecosystems, a high
pC>2 is included so that the oxygenated bright red colour oxymyoglobin (Fig. 1.6) is retained, a method called "high
oxygen modified atmosphere" (Gill and Molin 1991, Seideman
and Durland 1984). There is however a relationship between
oxygen and carbon dioxide in a meat system, meat quality
and shelf life in general. Both gases select different
microbial associations from the initial contaminants
(oxygen an aerobic and carbon dioxide, a facultatively
anaerobic flora) and both influence the meat colour in
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different ways. A high pC>2 retains an acceptable colour but
causes oxidation of fat and product rancidity is enhanced
(Seideman and Durland 1984). On the other hand, carbon
dioxide is deleterious to colour due to denaturation of
proteins and surface bleaching.
As a meat ecosystem is intended to be stored for
protracted periods, the potential incubation period for the
species of the microbial associations is prolonged.
Although pathogenic genera do not constitute a part of the
spoilage association per se, their occurrence is possible
due to their presence in the raw meat or transfer during
unhygienic processing of a product. In other words, they
may constitute a numerically minor and "passive" part of an
association.
The safety of packaged meat is governed mainly by two
basic but indirect influences: (i), by suppression of the
spoilage flora with a further effect, a reduction in its
potential to suppress the growth of pathogens (Ingram 1959,
1964) ; (ii), by delaying or suppressing the normal and well
documented course of spoilage (Gill 1986) . Another possible
direct impact is, however, stimulation of germination and
toxin production by Clostridium botulinum as demonstrated
by Lambert, Smith and Dodds (1991a). Even so the direct
impact from the stimulation of pathogenic species, however,
is of minor importance. It is generally recognised that the
new ecosystems do not add any more direct microbial hazards
and that their safety aspects are equivalent to food stored
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in an aerobic ecosystem under refrigeration (Palumbo 1986,
Silliker and Wolfe 1980).
Interaction between populations consisting of the same
or different species is a common feature in natural
ecosystems. Intraspecific and interspecific competition
should be a major theme when it is intended to create/amend
an established ecosystem. Combination of methods for
preservation of food ecosystems (e.g. irradiation and
modified atmosphere packaging, inoculation with lactic acid
bacteria producing bacteriocins) intrinsically exploit this
implicit antagonistic property of an ecosystem.
Nevertheless amelioration of ecological determinants by
members of the spoilage flora leading to the growth of
pathogenic species is possible (Marshall et a l . 1992), a
phenomenon known as syntrophism (Mossel 1983).
It is impossible to estimate or to predict accurately
(model) the safety of a food ecosystem. Studies of these
topics have demonstrated that the "history effects" and the
complexity of an ecosystem enable the emanation of general
principles only about the prediction of safety. The most
important factors for any prediction are the initial
hygienic status and the strictness or otherwise of
adherence to the selected ecological determinants, mainly
temperature (Buchanan 1993, Fu, Taoukis and Labuza 1991,
Labuza, Fu and Taoukis 1992).
The safety of packaged meat under different modified,
controlled or vacuum atmospheres, and chill foods in
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general, is based mainly on temperature, as well as the
characteristics of the initial contamination. Temperature
abuse results in microbial hazards (toxinogenesis or growth
of pathogenic species to infective doses) without
detectable organoleptic degradation due to inhibition of
the "prophylactic" action of spoilage flora. On the other
hand, with unpacked meat, spoilage precedes the creation of
microbial hazards and thus alerts the consumer of its
hygienic status (Smulders and Johnson 1990).
Baker, Qureshi and Hotchkiss (1986) , Hintlian and
Hotchkiss (1986) and Hotchkiss (1988) attempted to
correlate the phenotypic expressions of spoilage and
pathogenic flora by a ratio of spoilage to pathogenesistoxinogenesis. Details will be given in a following
section.
It is evident from the above that the modification of
storage atmospheres is not a panacea for safety. In
addition, the hurdle effect (Leistner and Rodel 1976)
caused by modification of the atmosphere in meat
ecosystems, simultaneously negates others factors affecting
microbial safety (e.g. natural antagonism).

B. Applications and conclusions
Literature dealing with the technology and its applications
to meat was reviewed recently by Hood and Mead (1993),
Stiles (1991), Gill and Molin (1991), Taylor (1985). In
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this section an attempt is made to draw conclusions of
technological importance from studies with applied food
systems (Table 1.6).
One could summarise the objectives of the many studies
done to date as follows. First, microbiological and sensory
properties of different meat ecosystems during their
protracted storage were studied. Second, the influence of
ecological determinants (temperature and gaseous
environment, alone and in combination) on the microbial
associations were investigated. Third, comparison of
different packaging technologies (mainly MAP vs. VP) and
their efficacy were evaluated. Fourth, attempts to
correlate a microbial association with physico-chemical and
organoleptic characteristics of the ecosystem and the
extension of its shelf life have been made. From these
studies certain conclusions can be drawn.
Firstly, the composition of the initial flora has a
pivotal role. A large initial flora is not commensurate
with the application of new packaging technologies. Success
is inextricably linked with the hygienic status of the raw
product, the lower the initial counts the better the
prospects of a long shelf life being achieved (Table 1.6).
For semi- or processed foods the initial flora corresponds
to the flora as it is selected by processing factors as
well as post-processing contamination of the product.
Subsequently members of the microbial association may well
be enriched during processing. Secondly, the time of
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application of the technology is important. The earlier the
selection of

an association by extrinsic factors

begins, the better the results that can be anticipated. The
technology has the attribute of maintaining not restoring
the microbial and sensory quality of an ecosystem. Ageing
or conditioning of meat before packaging has a considerable
influence, as it essentially delays the time of the
creation/alteration of an ecosystem. Thirdly, the vital
role of strict temperature control and its selective action
on the ecosystem is of paramount importance. In addition,
with temperature abuse, it is impossible for the other
determinants of the ecosystem to operate effectively.
Fourthly, the selection of an appropriate gas mixture
suitable for a particular ecosystem is essential. Apart
from other ecological factors, the colour of meat, as
mentioned previously, is an essential part of the decision
dictating the choice of gases. Fifthly, the proper
insulation and integrity of the ecosystem is a
prerequisite. Here it is essential that the permeabilities
of the different packaging materials to the gases used is
selected critically so that the added gases or indeed those
produced de novo in an ecosystem are retained. Changes in
these attributes have direct consequences for the packaged
food. Finally, combination processes (e.g. MAP-Irradiation)
or the packaging technologies alone change the spoilage
pattern of the ecosystem ( Ingram 1959).
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C. Growth of pathogens in meat
Growth of pathogens in packed meat has been reviewed by
Brackett (1992), Lambert et a l. (1991b), Farber (1991),
Brody (1989), Genigeorgis (1985), and Silliker and Wolfe
(1980). In the following discussion just a few pertinent
topics will be considered. In essence, the studies
mentioned below have as experimental variables of an
ecosystem one, two or more components (biotic and/or
abiotic) either alone or in combination and they followed
the emergent interactions among the populations. Apart from
the gas atmosphere and temperature, the other major
components are the sequestration of micronutrients
(nutritional dimension) and the amendment of the pH status
of an ecosystem. The emergent property principle needs to
be stressed (Salt 1979, Odum 1993). According to this, as
components are combined (e.g. Pseudomonas and Listeria) new
properties emerge resulting from their interaction.
Certainly, "it is a property that cannot be predicted from
the study of components that are isolated or decoupled from
the whole unit" (Odum 1993).
Hintlian and Hotchkiss (1987) made three experiments
in order to determine the effect of MA's on the relative
manifestation of the above features. They stored cooked
beef and co-inoculated it with (i) Pseudomonas fragi and
Clostridium perfringens,

(ii) P. fragi, Salmonella

typhimurium, and Staphylococcus aureus, or (iii) P. fragi,
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C . perfringens, S. typhimurium and Staph, aureus at
different temperatures. The authors introduced a safety
index, the correlation of the oxygen present in an
ecosystem with the ratio between growth of pseudomonads and
pathogens. They found that an atmosphere containing 75%
CO2 / 15% N 2 , and 10% O 2 was the most effective for growth
control of both the pseudomonad and pathogens. It is
interesting to note that these authors observed extensive
growth of C. perfringens -situation (ii) above- at 12.8 °C.
They explained this in terms of an amelioration of the
ecological determinant (oxygen concentration) by
consumption of this gas by the pseudomonad. Moreover, they
stressed the role of temperature in the safety aspects of
the ecosystem.
Gill and Reiche (1989) investigated the growth of
Yersinia enterocolitica, Aeromonas hydrophila and Listeria
monocytogenes in the presence of the natural spoilage
flora, lactobacilli and enterobacteria in roughly equal
proportions on beef packaged under vacuum or carbon dioxide
and stored at -2, 0, 2, 5, or 10°C. They found that Y.
enterocolitica and A. hydrophila grew at all temperatures
in vacuum packs but that L. monocytogenes was unable to
grow at -2 °C. Moreover, except for L. monocytogenes, the
pathogens had growth rates comparable to or faster than
those of the spoilage flora. When compared to the lag
periods in the growth of the natural flora, those for Y.
enterocolitica at 0, 2, and 5°C and for A. hydrophila at
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10°C were not significantly different. Listeria
monocytogenes grew at slower rates than those of the
natural flora. With C02 in the environment, the pathogens
grew only at 10°C. Yersinia enterocolitica was an
exception: it grew at 5°C but with a considerably extended
lag phase and a slow growth rate. The total inhibition of
all the pathogens was achieved at >2°C in the presence of
C02 .
Kleinlein and Untermann (1990) found that Yersinia
enterocolitica was inhibited by the natural flora on minced
beef. They also observed that with a high initial level of
background flora (105/cm2), modifying the atmosphere had an
insignificant effect on the growth of the pathogen compared
to its growth in an aerobic environment at 1, 4, or 10°C.
Hart, Mead and Norris (1991) studied the effects of
the gaseous atmosphere and temperature on the growth of L.
monocytogenes on chicken breast meat. They observed the
absence of growth at 1 °C with atmospheres enriched with
C02 and inhibition of that at 6 °C.
Manu-Tawiah et al . (1993) showed that gas-modified,
atmosphere-packaging of fresh pork chops hindered the
growth of L. monocytogenes, as well as that of the
autochthonous flora. They concluded that organoleptic
changes may not alert a consumer of the hygienic status of
the product under the imposed conditions.
Adaptation of microorganisms to an environment is of
cardinal importance. Buchanan and Klawitter (1991)
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investigated the effect of adaptation of L. monocytogenes
to temperature before its inoculation into food ecosystems.
They observed that L. monocytogenes adapted to a cool
environment would initiate growth in a refrigerated food
more quickly than those cells adapted to a temperature
higher than that of the food ecosystem. They also noted the
effect of the nutritional and processing factors in the
food ecosystem. With raw-ground they observed an inhibitory
effect which was absent in cooked beef.
Graw and Vanderlinde (1992) found a 53% incidence of
listeriae in a survey of vacuum-packaged processed meats.
They investigated also the growth of L. monocytogenes in
the presence of the natural flora (lactic acid bacteria and
Brochothrix thermosphacta) on vacuum packaged corned-beef
and ham contaminated naturally or deliberately with the
pathogen. A combined effect of temperature, pH, salt, aw ,
and residual nitrite on the growth of L . monocytogenes was
noted. The authors concluded that these ecological
determinants influenced markedly the growth pattern of the
pathogen on chilled meats.
The presence of a Gram-positive flora namely lactic
acid bacteria and Brochothrix thermosphacta is linked with
(i), studies which are intended to modify the pH of the
system by addition of organic acids, and to test the
ability of a pathogen to grow therein, and (ii), studies
with L. monocytogenes and its inhibition by bacteriocinproducing strains of lactic acid bacteria.
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The effect of organic acids (lactic, acetic and
citric) on the growth of spoilage bacteria and foodborne
pathogens (Greer and Dilts 1992, Adams and Hall 1988),
especially on that of L . monocytogenes (Farber et al. 1989,
Young and Foegeding 1993, Ostling and Lindgren 1993) have
been studied either in culture media or model systems.
There are two alternative theories on the mode of action of
these acids: anion accumulation intracellularly or
uncoupling (Russell 1992). Adaptation against acidification
needs to mentioned. Gould (1988) referred to homoeostasis
to explain the inhibitory effects. Micro-organisms that can
maintain a DpH under the imposed conditions resist the
environment (Russell 1991). The growth of L. monocytogenes
in a polyxenic system was investigated in the present study
(Chapter 4).

IX. The objective of the Thesis
As is evident from the Literature Review, the present study
attempts to identify the major features of a microbial
association created by application of new packaging
technologies. The approach was to adopt ecological
methodology in two surveys in order to define the
ecosystems produced in commerce and then to compare the
results with those obtained under traditional commercial
practices. An "emergent" objective that followed the
surveys was to identify the ecophysiological attributes
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that occur in the succession of members of microbial
associations. The latter dealt with the nutritional
dimension of the ecosystem, and the rate at which the
different members of an association transport essential
nutrients (glucose).
The second main objective was to identify those
physico-chemical changes that could be used not only as
indicators of the quality of fresh meat but also as that of
a particular microbial association. Again the approach to
the problem was an ecological one. By inoculating isolates
from climax associations of natural ecosystems -(a)xenic
cultures- in a meat juice the main trends observed in the
surveys were identified with the presence of a particular
xenic culture. Although the main object was not a study on
the physiology of meat micro-organisms, the conclusions
drawn confirm, extend and modify several observations in
this area. Finally, a psychrotrophic pathogen- Listeria
monocytogenes, was

ctJded to a

xenic culture to

identify possible interactions with the other organisms and
physico-chemical changes that effect its growth.
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Fig. 1.1

Manifestation of spoilage of meat
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A. Development of a population on a meat surface with "normal" glucosecontent
under aerobic conditions at chill temperature and manifestation of offodours and slime
(Adapted from Ayres 1960 with modifications).
B. The manifestation of malodorous substances occurs at a population size
less than that of A. a situation identified with meat of a high ultimate pH (>6.0)
and deficient in glucose and glycolytic intermediates (Newton and Gill 1981).
C. Meat stored in an atmosphere enriched with carbon dioxide.
The population is dominated by a facultatively anaerobic flora
( B rochothrix therm osphacta and lactic acid bacteria cf. pseudomonads in A and B)
with a gradual souring (Dainty and Mackey 1992). The population size
is less than that developing under aerobic conditions (A and B).
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Fig. 1.2

Metabolic pathways for creatinine and creatine
catabolism by pseudomonads

creatine
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Creatine and creatinine are among the substrates catabolised at the interface
of the exponential and stationary phases of growth.
Pseudomonas fra g i is one of the species which can do so under aerobic conditions.
The degradation of these substrates is accompanied by a phenomenal production
of ammonia resulting in an increse in pH value towards the neutral range of the scale.
(Adapted from Shimizu et aJ. 1906).
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Fig. 1.3. Alternative peripheral pathways for glucose
catabolism in pseudomonads

A. Direct oxidative pathway
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1. The direct oxidative pathway: oxidations take place extracellularly in the periplasm
by menbrane associated pyridine nucleotide-independent, glucose and gluconate dehydrogenases.
These oxidations may be linked with pyrroloquinoline quinone (PQQ) -dependent glucose dehydrogenase,
and provide a bioenergetic advantage in the environment by harnessing the energy of electron transfer.
Mutams deficient in glucose-dehydrogenase cannot operate this pathway.
2. The phosphorylative pathway take place intracellularly by ATP-dependent phosphorylation. Depending
upon the physiological conditions one or the other predominates.
3. Glucose-6-phosphate cannot be tranferred to the cell and is oxidized extracellularly
to 6-jhosphogluconate (gluconate-6-phosphate). The latter oxidation takes place in stationary phase
under aerobic conditions. This oxidation may also provide a bioenergetic advantage.
Carbohydrates and intermediates are of the D-configuration.
Transfort proteins (
), and membrane-bound dehydrogenases ( ■ ■ ) Figure is adapted from Hunt and Phibbs (1901) and Whiting. Midgley and Dawes (1976) with modifications.

Fig. 1.4 Development of a population, energy flow in an ecosystem
and essential biochemical activities
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Fig. 1.5. Oxidation of lactate to acetic acid by lactic acid bacteria

46

Other possible enzymatic reactions
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Abbreviations: ATP, adenosine triphosphate; ADP, adenosine diphosphate; Pi, orthophosphate
A , an electron acceptor; CoA, coenzyme A; NAD(H), nicotinamide adenine dinucleotide (reduced form);
TPP, thiamine pyrophosphate; FAD, flavin adenine dinucleotide; LDH, lactate dehydrogenase.
The conversion of lactate to pyruvate can be catalysed by lactate dehydrogenase
(either NAD dependent or not ) and lactate oxidase.
The NAD-dependent LDH is induced under aerobic condition (Condon 1987).
The conversion of pyruvate to acetate is catalysed by three different enzyme systems
1. An oxygen sensitive pyruvate-form ate lyase
2. A pyruvate dehydrogenase complex, and
3. A pyruvate oxidase.
This step require an electron acceptor and is inhibited by ATP, acetyl CoA and NADH.
By conversion of lactate to acetate the amount of ATP formed through substrate level
phosphorylation is doubled thereby providing additional energy for the development of populations.
The acetate kinase is repressed by glucose.
The regeneration of reduced NADH can be achieved by NADH oxidases and/or peroxidase. These
enzymes are repressed by glucose.
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Fig.

1.6 The primary colour forms of myoglobin and their
interconversion
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TABLE 1.1 Gram-negative species present in spoilage associations of
fresh red meat ecosystems

Taxa

Distinctive properties
and References

A. Aerobic
Pseudomonas fragi
Pseudomonas lundensls

Rods, polar flagella,
oxidase positive,
oxidative catabolism of glucose.
For comments on taxonomy see text.

Pseudomonas fluorescens

Alcaligenes

Rods, peritrichous or subpolar
flagella (Stanier et a l . 1987)

Moraxella

Rods, n o n f l a g e l l a t e .
For taxonomy of this taxon and
P s y c h r o b a c t e r , Acinetobacter
see Rossau et al. (1991).

P syc hrobacter immobllis

Rods, nonflagellate,
oxidase positive,
Shaw and Latty (1988).

Psychr obact er phenylpyruvica

Gennari et al. (1992)
Prieto et al. (1992b)

A cin etobacter lwoffii

Rods, nonflagellate,
oxidase negative.
Gennari et a l . (1992)

Aci netobacter johnsonil

Shaw and Latty

(1988)

B. Facultative anaerobic
En-fcerobacteriaceae
Serratia liquefaclens

Lee et a l . (1985)

Hafnia alvei

Lee et a l . (1985)

Pantoea agglomerans
(Enterob acter agglomerans)

Dainty and Mackey

(1992)

TABLE 1.2 Gram-positive species present in spoilage associations of
fresh meat ecosystems

taxon

References

A. Lactic acid bacteria
Lactobacillus sake

Shaw and Harding (1984)
Makela et a l . (1992)

Lactobacillus curvatus

Montel et a l . (1991)

Lactobacillus bavaricus

Shaw and Harding

Carnobacterium di vergens*

Collins et a l . (1987)

Carnobacterium piscicola

2

Collins et al.

(1984)

(1987)

Leuconostoc carnosum

Shaw and Harding

(1989)

Leuconostoc gelidum

Shaw and Harding

(1989)

Leuconostoc amelibiosum

Makela et a l . (1992)

Leuconostoc mesenteroides subsp.
mesenteroides

Shaw and Harding

Weissella paramesenteroides'

Collins et a l . (1993)

Weissella hellenica

Collins et a l . (1993)

Lactococcus raffinolactis

Schleifer et al.

(1985)

Brochothrix thermosphacta

Sneat’
n and Jones

(1976)

Clostridium estertheticum

Collins et a l . (1992)

(1989)

B. Other taxa

^ Formerly Lactobacillus divergens

(Holzapfel and Gerber 1983,

et a l . 1987).
2

Lactobacillus carnis

(Shaw and Harding 1985) ♦

^ Formerly Leuconostoc p a r a m e s e n t e r o i d e s .

de Bruyn
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TABLE 1.3 Chemical composition of typical mammal ian muscle after
rigor mortis
and before commencment of decomposition post-morten/

Components

Wet% weight

1.

Water

75.0

2.

Protein

19.0

(a) Myofibrillar

11.5

(b) Sarcoplasmic

5.5

(c) Connective tissue
and organelle

2.0

3.

Lipid

2.5

4.

Carbohydrate

1.2

lactic acid

0.90

glucose-6-phosphate

0.15

glycogen

0.10
0.05

glucose, traces of other
glycollytic intermediates

5.

2.3

Miscellaneous soluble
non-protein substances
(a) Nitrogenous
creatine

1.65
0.55

inosine
0.30
monophosphate
ATP,

(b)

6.

AMP

0.10

amino acids

0.35

carnosine,
anserine

0.35

Inorganic

0.65

Vitamins3

f adapted from Lawrie (1985),

a see Table 1.4.

TABLE 1.4 Chemical composition and nutritional properties of lamb
chop meat-^
Com ponents
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%

1558
377

kJ
kcal

Carbohydrate

0

g

Protein

15

g

Fat

35

g

7

mg

1.2

mg

trace

pg

0

mg

Thiamin

0.09

mg

Riboflavin

0.16

mg

Nicotinic
acid equiv.

7.1

mg

Vitamin B12

1

^g

Moisture
Energy

Calcium
Iron
Retinol
equiv.
Ascorbic acid

f adapted from Passmore and Eastwood

(1986).

TABLE 1.5 Methods investigated for evaluation of decomposition in
meat ecosystems3
a. Methods based on chemical properties
Measurement of H 2 S production
Measurement of mercaptans produced
Determination of noncoagulate nitrogen
Determination of di- and trimethylamines
Determination of tyrosine complexes
Determination of indole and skatol
Determination of amino acids
Determination of volatile reducing substances
Determination of amino nitrogen
Determination of biochemical oxygen demand
Determination of nitrate reduction
Measurement of total nitrogen
Measurement of catalase
Determination of creatinine content
Determination of dye-reducing capacity
Measurement of hypoxanthine
ATP measurement
Radiometric measurement of CO 2
Ethanol production
Measurement of lactic acid
Change in colour
b. Methods based on physical properties
Measurement of pH changes
Measurement of refractive index of muscle juices
Determination of alteration in electrical conductivity
Measurement of surface tension
Measurement of UV illumination
Detection of surface charges
Determination of cryoscopic properties
Impedance changes
Microcalorimetry
c. Methods based on enumeration of a microbial population
Determination
Determination
Determination
Determination
Determination

of
of
of
of
of

total aerobes
total anaerobes
ratio of total aerobes to anaerobes
one or more of above at different temperatures
Gram-negative endotoxins

d. Methods based on physico-chemical properties
Determination
Determination
Determination
Determination

of
of
of
of

extract-release volume (ERV)
water-holding capacity (WHC)
viscosity
meat swelling capacity

, based on Jay (1992).
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TABLE

1.6 A s u m m a r y of some investigations with diff erent meat storage ecosystems

Packaging technologya
commodity

Climax species

Reference

1. Beef, Pork and Lamb
Noj- reported

A chromobacter-P seudomonas

Packed with
various films

Pseudomonas fluorescens

loins
VP and MAP

Halleck, Ball and
Stier (1958)

lactobacilli

lactobacilli

Christopher et
al. (1980)

loins and
carcasses
AE, VP

Not reported

Tatum, Smith and
Carpenter (1977)

chops
VP

report on the total
population only

Reagan et a l .
(1971)

chops and steaks
AE and VP

AE, Pseudomonas spp.
VP, Lactobacillus cellobiosus

Henry et a l .
(1983)

Carcasses
co2 , n 2

Brochothrix thermosphacta

and lactic acid bacteria

Grau, Eustace and
Bill (1985)

Carcasses
C02 , storage
and shipment

report on the total
population only

Smith et a l .
(1974)

loins
VP

Lactobacilli,
Enterobacteriaceae and

Gill and Penney
(1985)

2. Lamb

Brochothrix thermosphacta

loins
VP and MAP

no report on microbial
population

Smith et a l .
(1983)

joints
VP

Brochothrix thermosphacta

Shaw, Harding and
Taylor (1980)

chops
various gaseous
atmospheres

Brochothrix thermosphacta

Newton, Harrison
and Smith (1977)

a study on associated yeasts

Dillon, Davenport
and Board (1991)

Carcass surface,
minced lamb
lamb products
3. Beef
sliced roast
VP and C02 CAP

lactic acid bacteria

Candida, Cryptococcus and
Rhodotorula were reported
Lactobacillus spp.
Brochothrix thermosphacta

Enterobacteriaceae

Penney, Hagyard
and Bell (1993)
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Table 1.6 (continued)
Packaging technology'
commodity

Climax species

Reference

no report on species of
the population

Seideman et al.
(1979a)

M. semltendinosus

lactic acid bacteria,

p H , 6.6 and 5.8
various gase3

Brochothrix thermosphacta

Erichsen and
Molin (1981)

steaks

MAP, VP

Enterobacteriaceae and
Pseudomonas spp.

mince
VP and
/with addition C02

no report on species level

Madden and Moss
(1987)

sternocephalic
steer muscles
n2

Microbacterium spp. and
Lactobacillus spp.

Weidemann (1965)

loin steaks
MAP

Leuconostoc spp.
Brochothrix thermosphacta
Pseudomonas spp.

Nortje and Shaw
(1989)

loin steaks
MAP
(75% 0 2+25% C02 )

Lactobacillus sp.
Leuconostoc sp.

Hanna et al.
(1981)

roasts
MAP

no report on the
population

Seideman et
a l .(1979b)

roasts
MAP

lactobacilli
Pseudomonas spp.

Christopher
et a l .(1979a)

steaks
0-20% C02

Pseudomonas-Achromobacter

Clark and Lentz
(1972)

Brochothrix thermosphacta

Davidson (1970)

lean
MAP
mince
AE, MAP with
or without
sulphites

report on the effect on

lactobacilli
lactobacilli
Enterobacteriaceae
Pseudomonas spp., yeasts

rump muscle

report on the effects on

CO (0-10% in N2 )

Pseudomonas and
Moraxella-Acinetobacter group

loins of normal
pH (5.5-5.7)
and high pH>6.0

Nychas (1984)

Brochothrix thermosphacta

lactobacilli
Enterobacteriaceae

Clark, Lentz and
Roth (1976)

Gill and Penney
(1986)
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Table 1.6 (continued)
Packaging technology3
commodity

Climax species

steaks
with pH>6 or pH<6
VP and MAP

VP, Enterobacteriaceae

( 100% co2 )

MAP, lactic acid bacteria

chuck joints
VP

Brochothrix thermosphacta,
Pseudomonas spp.

lactic acid bacteria
Brochothrix thermosphacta,
Pseudomonas spp.,
Aeromonas spp.,
Serratia liquefaciens,
Hafnia spp.

Reference
Rousset and
Renerre (1991)

Dainty et al.
(1979)

4. Pork
Longissimus dorsi

Aeromonads,

MAP

Brochothrix thermosphacta,

McMullen and
Stiles (1993)

Enterobacteriaceae
listeriae
lactic acid bacteria
mince
VP, MAP

loins
MAP (C02 )

Brochothrix thermosphacta,

Enterobacteriaceae,
lactic acid bacteria
lactic acid bacteria
Brochothrix thermosphacta
Pseudomonas,

Nychas and
Arkoudelos (1990)

Greer, Dilts and
Jeremiah (1993)

Enterobacteriaceae
cuts of

Brochothrix thermosphacta

longissimus dorsi

enterobacteria

Gill and Harrison
(1989)

loins
MAP (C02 , N2 or air)

Lactobacillus plantarum

Enfors, Molin and

cuts of

Brochothrix thermosphacta
Kurthia zopfii
Aerobacter-Hafnia spp.
Lactobacillus spp.
Pseudomonas-Achromobacter

Gardner, Carson
and Patton (1967)

roasts
MAP

unreported

Seideman
et a l .(1979c)

boneless roasts
MAP

Lactobacillus spp.
Leuconostoc spp.

Christopher
et a l .(1979b)

VP, co2

longissimus dorsi

prepacked with
various films

Ternstrom (1979)

, VP, vacuum packaging; MAP, modified atmosphere packaging; AE, aerobic
environment; HE, hypobaric environment; CAP, controlled atmosphere packaging.
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CHAPTER 2. MATERIALS AND METHODS

I. Surveys of Meat Ecosystems

A. Sampling Plan and Procedure-Sample Collection

1. Minced lamb packaged commercially in modified
atmospheres
Samples of home-produced minced lamb packaged under a high02 Modified Atmosphere (MA), consisting of 6 to 12 sample
units (individual packs ca. 500 g product), were bought
from five large supermarkets (codes: A, B, C, D and E) at
two different seasons

(T^

and

T2,

spring and summer) in the

Bath area.
The analysis was done on two particular days. The
first was on the day that the samples were bought and the
second (with samples from supermarkets A,B,C) on the expiry
day shown on the label of the package. When the label of
the package (supermarket D and E) referred to expiry and
display, the analysis was done on the former day. Half of
the sample units, were examined immediately and, after
chill storage (4 °C), the remainder at the end of shelf
life, independently of the time having elapsed from the day
of packaging. This time was different, ranging from 2 to 5
days, for the sources A, B, C, D and E.
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Although the initial plan was to examine twelve sample
units (six on each sampling day) from each source, this
proved impossible because of the shortage of samples
available at some supermarkets. The number of sample units
per sample, supermarket and season is shown in Table 3.12.
Immediately on arrival at the laboratory, sample units were
stored at chill temperature (4 °C) and drawn separately,
and in a random sequence for sampling. Analytical units for
enumeration and deproteinisation (vide infra) from, and
determination of the pH of, each sample unit were taken and
made simultaneously. Immediately after plating on the media
used in this study, titrimetric acidity (TA) and extract
release volume (ERV) were determined and the preparation of
samples for the remainder of the analyses was done in the
order of existing random sequence.
Because the film sealing the top of the pack was
destroyed for the sampling purpose, the sample units were
put into a plastic bag and replaced in the refrigerator
until physico-chemical analysis was completed (ca. 6 h
later).

2. Minced lamb from local retail butchers' shops stored
under aerobic conditions
A sample, about 2-3 Kg of minced lamb, was bought at local
shops. Immediately on arrival at the laboratory, the meat
was separated into eight sample units, packed in
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polystyrene trays, previously disinfected with 70% (v/v)
ethanol, and wrapped in flexible transparent film. Six
units were kept at 4±2 °C. The remaining two were placed in
an incubator at 20 °C. One sample unit was analysed
immediately and the remainder at daily intervals -one for
each day for both the refrigerated and incubated units.
Thus the former were examined on six consecutive days and
the latter on two only.
In one experiment an appropriate amount of minced lamb
was divided, one was used as the control and the other
mixed by mincing three times with chopped onions (ca. 20%
(w/w)). Control and treated minced lamb were further
divided into units (ca. 500 g) for sampling on six
successive days during storage at chill temperature 4±2 °C.
They were analyzed in a random sequence (vide supra).

3. Frozen minced lamb
A sample composed of two sample units (plastic bags
containing ca. 500 g frozen minced lamb) was bought on two
occasions from supermarket A. A previously purchased sample
unit from the same source was analysed as the above on its
expiry date. On arrival at the laboratory, the sample units
were stored at -2 0 °C or thawed overnight in a
refrigerator. They were analysed after thawing, and then
again 2 and 4 d after the first sampling. This analysis
plan was in accord with the instruction shown on the label
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of the packs for maximum storage at chill temperature after
thawing. After the sample units were thawed, they were
opened and the amount required for the enumeration of
micro-organisms was weighed and placed in a stomacher bag.
The stomacher bags were stored at chilled temperatures or
at 20 °C. The remaining sample units, divided into adequate
amounts in stomacher bags, were also placed at chill
temperatures or 20 °C. These were used in the physico
chemical analysis.
Two days after overnight thawing, one sample was
refrozen by transferring the bag from a refrigerator to a
deep-freezer at -20 °C. After one week storage and
overnight thawing, the sampling units were analyzed as
noted above, but only during storage at chill temperatures
(4±2 °C). In this case, resuscitation of the micro
organisms was done. In all instances overnight thawing was
done in the original container and the maximum thawing time
was 18 h (Anon 1978).

B. The Enumeration of Microbial Population

1. Preparation and dilution of the analytical units
When the samples were drawn from the refrigerator, the
packs were coded (1,2,3 etc.) and, in the case of the
sample units packed under a high- 0 2 modified atmosphere,
the uppermost film was cut with a sterile knife. The
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analytical unit consisting of 25 g minced lamb was weighed
aseptically into a tared stomacher bag (Seward medical
stomacher 400 bags, London, U.K.). The sample was taken in
a manner such as to obtain equally representative
quantities from all strata from the surface to bottom of
the product. For this purpose a sterile scalpel was
inserted perpendicularly until it touched the bottom of the
tray, and always, parallelepipedal parts of sample were
taken. Then, 225 ml of sterile 1/4 strength Ringer's
solution (Lab m, lOOz) were added and the analytical unit
was homogenized with a stomacher (Lab Blender 400, Seward,
London, U.K.) for 60 s at room temperatures. A portion of
the homogenate was poured into a sterile screw cap
universal vial (20-30 ml capacity). All subsequent decimal
dilutions were prepared in 1/4-strength Ringer's solution
from this 10”1 dilution.

2. Culture media-procedure and conditions
The following media were used to enumerate particular
groups of micro-organisms. Apart from Enterobacteriaceae,
where a pour-plate method was used, all the other groups
were enumerated by the spreading method as spread plates
are preferable to pour plates when examining meat (Anon
1986). Three replicates of at least three appropriate
dilutions were set up for each medium (Anon 1978) . With
spread plates, the surface of the medium was dried in a
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flow-cabinet before spreading the samples. The composition
of the media is given in the Appendix.
a. Total Viable Count (T.V.c.)-Aerobic Plate Count (APC)
Samples (0.1 ml) of serial dilutions of homogenates of
minced lamb were spread on Plate Count Agar (Oxoid, CM325)
and incubated at 20 °C for 4 d (Anon 1978) .
b. Brochothrix thermosphacta
Samples (0.1 ml) of serial dilutions of minced lamb
homogenates were spread on streptomycin sulphate-thallous
acetate cycloheximide (actidione) agar (Gardner 1966),
prepared from STAA Agar Base (Oxoid, CM881) with STAA
selective supplement (Oxoid, SR151), and incubated at 20 °C
for 3 d (Peterz 1992).
c. Pseudomonads
Samples (0.1 ml) of serial dilutions of minced lamb
homogenates were spread on cetrimide-fusidin-cephaloridine
agar (Mead and Adams 1977) , prepared from Pseudomonas Agar
Base (LAB M, 108) with X108 C.F.C. supplement (LAB M) and
incubated at 15 °C for 48 h.
d. Glucose fermenting psychrotrophic Enterobacteriaceae
One ml samples of serial dilutions of meat homogenates were
inoculated into 10 ml of molten (45 °C) Violet Red Bile
Glucose Agar (LAB M, 88). After gelling a 10 ml overlay of
molten medium was added. Incubation was at 30 °C for 24 h.
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The large colonies with a purple halo were counted (Mossel,
Mengerink, and Scholts 1962, Mossel et al. 1979).
e. Gram-positive Bacteria
Samples (0.1 ml) of serial dilutions of minced lamb
homogenates were spread on de Man, Rogosa and Sharpe's
(1960) medium prepared from M.R.S. Agar (Oxoid, CM361) and
incubated aerobically at 25 °C for 5 d.
f. Yeasts
Samples (0.1 ml) of serial dilutions of minced lamb
homogenates were spread on Rose Bengal Chloramphenicol Agar
(RBCA) prepared from RBCA Base (LAB M, 36) with X009
Chloramphenicol supplement (LAB M) and incubated at 25 °C
for 5 d. To avoid damage by photodynamic effect the plates
were wrapped in aluminium foil (Jarvis 1973, Banks and
Board 1987, Banks et al. 1985).

3. Examination of the enumerative systems
All plates were examined visually for typicalcolony

types

and morphological characteristics associatedwith each
growth medium. In addition, selectivity of each medium was
checked by Gram-staining and microscopical examination of
randomly selected colonies. The growth of B. thermosphacta
on MRS was checked by picking and streaking out colonies on
STAA medium. The Petri dishes were incubated at 20 °C.
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Confirmation of the STAA colonies was done by catalase test
and Gram strain

(Gardner

1981).

4. Counting of the Plates and Calculation
For the calculation the mean average of the counts of the
three replicates from one statistically reliable dilution
was used. The summation of the counts of the dilution was
not less than 100 c.f.u. and not higher than 1000 c.f.u.
When two dilutions gave countable Petri dishes, the
calculation was based on the dilution with the higher
summation (Meynel and Meynel 1970). In the case where very
high counts were present the estimation of the counts were
made by dividing the Petri dish into appropriate sectors.

5. Resuscitation
The "solid-repair" method of Ray (1979) was applied to the
enumeration of micro-organisms from frozen minced lamb
(vide supra). A phosphate buffer (pH 6.8, Stoll and
Blanchard 199 0) was used as diluent and Tryptone Soy Agar
(TSA, Lab m) as repair medium. To facilitate repair the
plates were incubated for 1 h at 25 °C before being
overlaid with 10-12 ml of the selective plating medium.
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C. Identification of major species of the population

1. Identification of Pseudomonas spp.
Isolation of pure cultures. Isolates of Gram-negative
aerobic bacteria were obtained from the samples of minced
lamb packaged under high- 0 2 MA stored at chill temperatures
(4 °C) and from two samples of minced lamb obtained from
local butchers. From the latter ten colonies per sampling
day were isolated during spoilage tests (stored aerobically
at 4 °C up to 6 d). In both cases, colonies were picked
randomly from the lowest countable dilution on C.F.C.
medium, purified by streaking on Nutrient Agar (Lab m, 8)
(NA), and maintained on slopes of NA at ca. 4 °C.
Screening procedure and preliminary tests. The isolates
were screened for Gram reaction (Harrigan and McCance
1976) , oxidase reaction (Kovacs 1956), and for aerobic and
anaerobic catabolism of glucose by acid production in
Scholefield's (1964) modification of the Hugh and Leifson
medium (Harrigan and McCance 197 6). Morphological and
cultural characters were also recorded.
Oxidative-Fermentative catabolism of glucose. The
composition of Scholefield's medium is given in the
Appendix. A tube was inoculated by stabbing and incubated
at 25 °C for 2 d. A very distinct colour change from bluegreen to orange-red resulted from acid production.
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Fermentative organisms produced an acid reaction throughout
the medium and, depending on the isolate, gas. Pseudomonas
produced an acid reaction at the surface which gradually
extended downwards -an acid reaction may appear only after
an alkaline reaction was present for several days.
Organisms unable to catabolise glucose (e.g. Alcaligenes)
produced an alkaline reaction.
Oxidase test, wet filter paper method. The test based on
the presence in bacteria of certain oxidases that will
catalyse the transport of electrons between electron donors
in the bacteria and a redox dye. A reagent solution was
composed of N ,N ,N ,N ,-Tetramethy1-p-phenylene-diamine
dihydrochloride (1 g; Sigma, T-3134) and, to protect from
auto-oxidation, ascorbic acid (0.1 g) dissolved in 100 ml
water. The solution was stored in the dark at 4 °C. To
perform the test, a piece of filter paper on a microscopic
slide was moistened with a few drops of the solution and,
using a sterile wooden stick, smeared with bacteria from an
isolated colony grown on NA at 25 °C. A purple coloration
produced within 5-10 s was taken as positive.
Isolates of Gram-negative, oxidase positive rods with
oxidative metabolism of glucose were tested for production
of acid from maltose and assimilation of sole carbon
sources. The organic compounds tested as substrates were:
D-arabinose, arabitol, DL-carnitine, creatine,
deoxycholate, D-galactonate, D-glucuronate, 4-
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hydroxybenzoate, hydroxy-L-proline, inosine, meso-inositol,
malonate, D-mannitol, mucate, D-quinate, D-saccharate, Dxyloze. This selection of phenotypic characteristics was
proposed by Molin et al . (1986b) following their studies of
Pseudomonas spp. from refrigerated meat.
Production of acid from maltose. A modification -given in
the Appendix (Molin and Ternstrom 1986a) -of the Hugh and
Leifson's (1953) medium with maltose was used,. The test
was performed in parallel with that of assimilation of sole
carbon sources.
Assimilation of sole carbon sources. Adaptations of the
methods of Molin and Ternstrom (1982,1986) were used. The
composition of the basal medium is given in the Appendix.
It was supplemented aseptically with 0.1%

final

concentration (w/v) of the substances listed above. All
substances were sterilized by filtering through a membrane
(pore size 0.45 fim) . To avoid caramelization, the agar was
sterilised separately from the mineral base, and mixed with
it after removal from the autoclave (Stanier et al. 1966).
To avoid the formation of precipitate of insoluble
complexes between phosphates and certain cations upon
sterilization of this mineral base with high phosphate
concentration, calcium and iron were sterilized separately
in concentrated solution and added to the sterilized and
cooled medium (Stanier et al . 1987). After combining the
melted agar, the mineral solutions and the organic
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substrate, the medium was poured in Petri dishes and dried
in a laminar flow cabinet.
To perform the tests Pseudomonas cultures maintained
on NA slopes at 4 °C were streaked on NA agar in Petri
dishes and incubated overnight at 25 °C. A single colony
was then transferred to 10 ml Nutrient Broth (NB, LAB m)
for incubation overnight at 25 °C. NB culture was
transferred aseptically into a 15 ml tubes and centrifuged
for 15 min at 3000 g. After discarding the supernatant, the
cell pellet was washed twice with 10 ml of physiological
saline (0.85% NaCl, w/v). The final cell pellet was
resuspended in ca. 1.0 ml of saline. Samples (2/Lt1) of
•
bacterial
suspension (>10 fi cells per ml) were placed on the
various assimilation media with a multipoint inoculator
(Denley, A 400, England) as described by Watt (1979). Three
replicates for each test series were done, including at the
beginning a blank plate without added organic compound, and
a standard with added glucose at the end. The number of
inoculations per plate ranged from twelve to twenty.
Incubation was at 25 °C and the plates were read after 7 d
against a black background.

2. Lactic acid bacteria identification
Isolation of strains, growth and maintenance. Isolates for
identification of lactic acid bacteria originated from the
subsampes of the second survey which were analysed on the
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expiry date. This restriction was imposed in order to
concentrate to the climax strains of the microbial
association of minced lamb stored under a high-oxygen
modified atmosphere at chill temperatures.
Three hundred isolates, sixty per supermarket -10 to
15 per sample unit depending on the size of the subsample,
were obtained totally. Colonies were picked randomly from
the lowest significant countable dilution on MRS, or from
both MRS and PCA (small colonies) media and purified by
streaking on Whittenbury1s agar medium with glucose
(Whittenbury 1963), whose composition is given in the
Appendix. Colonies from PCA medium were picked when the
performance of the MRS medium was unsatisfactory
(supermarket C). In this instance 10 and 5 colonies
obtained from MRS and PCA media respectively. The Petri
dishes were inverted and incubated under reduced
02/increased C02 conditions (produced by burning a candle
to extinction in an air-tight container) at 25 °C for 3 d
to 5 d. At the end of this time the plates were examined
and a single colony was transferred to a bijou vial
containing ca. 3 ml Whittenbury's (1963) broth medium with
glucose. After incubation (25 °C, 48 h) a ca. 3 ml sterile
glycerol were added as cryoprotectant, mixed and stored at
-20 °C until used in the following preliminary procedure.
Preliminary tests for grouping of the isolates. Gram-stain
reaction, morphological characters, catalase test,
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environmental limitations [temperature ranges, growth on
acetate agar (Rogosa, Mitchell and Wiseman 1951) and final
pH], gas production from glucose, arginine deamination were
done as preliminary screening/grouping of the isolates
before further identification with fermentation tests
(Briggs 1953).
Resuscitation of the isolates. The first step of the
screening and identification procedure was Resuscitation of
the isolates. To do this 0.2 ml of the stock isolated
culture stored at -20 °C (vide supra) were transferred to a
tubed basal broth (ca. 5.0 ml) consisting of MRS broth (De
Man, Rogosa and Sharpe 1960) with acetate and citrate
omitted. The selection of this basal medium as culture
medium to the identification scheme was based on the
Wilkinson and Jones' (1977) comments. This modified MRS
medium was used either solid or liquid and is subsequently
referred to as BM agar and BM broth respectively. The
bacteria used for the inoculation of all tests were 24 h
and 48 h cultures grown at 25 °C on BM broth and agar
respectively. After resuscitation isolates were streaked on
BM agar and NA and incubated for 48 h at 25 °C under
reduced O 2 /increased CO2 atmosphere (vide supra). The
growth on BM agar and NA plates was examined by comparing
the two media side by side. Catalase test was performed on
bacterial growth on both media by adding a drop of H 2 O 2
(10%, w/w).
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Subsequently, bacterial growth from one marked single
colony on BM agar was used (i), to inoculate 5.0 ml of
tubed BM broth; (ii), to prepare a smear for Gram-stain
reaction and evaluation of structure microscopically; and
(iii), to produce bacterial growth for the fermentation
tests by a further streaking, after 2 d , on BM agar.
Cultured isolates grown in the tubed BM broth were used for
the following tests:
Gas production from glucose. Special cultural medium used
to demonstrate gas production. As a result of the high
solubility of C02 in water and the stoichoimetric
production from glucose, the bacteria were grown in a
carbohydrate-rich, well-buffered semi-solid medium with an
agar seal to trap the C02 produced (Stanier, Doudoroff and
Adelberg 1971). The utilisation of a heavy inoculum is an
essential feature of the test (Sharpe 1979) .
To perform the test, 1.0 ml of the actively growing
cultures were inoculated into Gibson milk medium whose
composition and preparation are given in the Appendix
(Gibson and Abd-el-Malek 1945). The tubed medium had been
melted previously and held at 45 °C before inoculation.
After solidification, it was layered with non-nutrient 2
per cent agar (water agar), to a depth of approximately 2.0
cm. Gas production was noted by cracks or disturbance of
the agar, small bubbles, pockets or the seal forced up the
tube. Very often sufficient gas was produced to force the
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plug of agar out of the tube. Gas production was
demonstrated in the first 48 h of incubation (10 d at 25
°C) .
Environmental limitations
Growth at different temperatures. BM broth was
inoculated with 0.02 ml of a actively growing cultures and
incubated in controlled water baths maintained at 15 and 45
°C. The free surface of the incubated culture was below the
surface of the water in the incubator. Growth was recorded
daily for up to 3 d.
Growth on acetate agar. A second environmental
limitation tested was growth on acetate agar, pH 5.4
(Rogosa, Mitchell and Wiseman 1951) -(see Appendix). To
perform the test a loopful of a vigorously grown culture
was streaked on the surface of acetate agar (5 isolates per
plate) and incubated anaerobically (vide supra) at 25 °C
for 7 d. Absence of growth or faint growth in the primary
streak only was recorded as negative.
Final pH. Test tubes used for the inoculation after
incubation (2d, 25 °C) were transferred into a
refrigerator and after 10 d the final pH was measured and
recorded. This character was correlated with the groups of
the isolates obtained.
Arginine deamination. The test was based on the medium of
Niven et al. (1942). The original composition was modified
according to Hitchener, Egan and Rogers (1982) except that
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only the low concentration of glucose (0.05%, w/v) as was
described in the original method was used.
Production of ammonia was detected with Nessler's
reagent [an alkaline solution of potassium
tetraiodomercurate (II)]. The liberated ammonia reacts with
the reagent fairly rapidly but not instantaneously to form
an orange-brown product, which remains in colloidal
solution, but flocculates on long standing. Preparation of
the medium is given in the Appendix. To perform the test,
tubed arginine medium (ca. 5 ml) was inoculated with 0.02
ml of a vigorously growing culture and incubated for 48 h
at 25 °C. After incubation, 0.1 ml of the culture was
transferred into a microplate well and 0.1 ml of the
Nessler's reagent added, and the result recorded.
Production of acid from different substrates. The final
stage of the identification scheme was based on the pattern
given by applying a selected battery of fermentation tests.
According to pattern/profile obtained from these, groups of
isolates were identified to species level.
As basal medium a modified MRS broth medium (see
Appendix), from which glucose, meat extract, acetate and
citrate were omitted, was used. Filter sterilized aqueous
solution of the appropriate carbohydrates were made up at
10 times the final concentration and added to the
sterilized medium to give a final concentration of 0.5%
(w/v). The indicator was 2% aqueous bromocresol purple (1.5
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ml.I-1), [pH range 5.2 (yellow) to 6.8 (blue)].
Fermentation tests were performed byaminiaturized method
with microplates (Jayne-Williams 1975, 1976). The final
incubation mixture in each well was composed of 150 /x1
sterile substrate at 1.3 times normal concentration and 50
/xl of water suspension of organisms. The latter was
prepared immediately before inoculation by harvesting a
colony of an isolate grown on BM agar. Addition of
substrates in plates was performed in advance and, after
the completion of the inoculation, one drop of sterile
paraffin added to each well with a Pasteur pipette. The
inoculated microplates were incubated at 25 °C and examined
and the results recorded after 2 and 5 d.
The substrates used in fermentation tests were: A.
Monosaccharides: pentoses; L-arabinose, D-xylose, D-ribose;
hexoses, D-glucose, D-fructose, D-galactose. B.
Disaccharides: sucrose, maltose, trehalose, and Dmelibiose. C. Trisaccharide: raffinose. D. Polysaccharide:
inulin. E. Hexahydric alcohols: mannitol, D-sorbitol. F.
Glucosides: arbutin, salicin.
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D. Determination of the Physico-chemical variables
The following methods were applied both during the
survey of samples stored in MA and aerobically during
spoilage test. Exceptions, if any, are indicated. Water
used for preparation of solutions, dilutions and as reagent
blank in the assays was of reagent grade, obtained from a
laboratory apparatus (Milli-Q, Reagent Grade Water Systems,
France).

1. pH
pH of minced lamb was determined by a pH meter (Philips, PW
9409, England) with a pH glass combination electrode. The
instrument was calibrated with buffer solutions pH value
7.00±0.02 and pH value 6.00±0.02 (BDH) at 20 °C. The glass
electrode was applied directly to the meat, after adjusting
the pH meter to the temperature of a sample. Three readings
was taken after stabilization and the mean average
calculated (British Standard 4401 Part 9, 1986 ISO 29171974). In parallel, the pH value was determined with a
surface pH probe (Horiba-Cardy Compact pH Meter C-l,
Japan), calibrated with the same buffer solutions as noted
above.
With samples stored aerobically, the determination of
pH value for an area corresponding to that of glass
electrode was done at various distances down from the
surface of the mince. In other words the glass electrode
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was applied successively from the surface to the bottom and
a range of pH value obtained.

2. Titrimetric acidity (TA)
An aqueous extract0^lamb was prepared by homogenising minced
lamb (10 g) with 100 ml distilled water (<4 °C) for 2 min
at full speed in a MSE blender (MSE, England). To maintain
the temperature of the extract below 5 °C during
homogenization, the homogenizing beaker was put into ice
contained in an outer vessel. The homogenate was filtered
through cheesecloth to remove connective tissue, and
duplicate samples (20 ml portions each containing ca. 2.0 g
of minced lamb) titrated with 0.02 N HC1. The standard
hydrochloric acid solution was prepared by diluting 1:10 a
0.2 N standard HC1 solution (BDH, Convol). The quantity of
0.02 N HC1 required to reduce the pH of the homogenate to
pH 5.00 was recorded. The pH value of the extract under
titration was unstable and the first stable value at pH
5.00 was recorded. To avoid this problem, titration was
done continuously at an accelerated rate (Shelef and Jay
1970).

3. Extract Release Volume (ERV)
ERV was determined by weighing 25 g portion from each
sample of mince sample and homogenizing each for 2 min at
full speed on a MSE blender with 100 ml of distilled water
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(<4 °C) added just prior to blending. The homogenate was
poured directly into a funnel fitted with a sheet of
Whatman No 1 filter paper (18.5 cm) folded thrice so as to
make eight sections. The homogenate was not allowed to seep
between the folds. The filtrate was collected in a 100 ml
graduated cylinder by allowing it to course down the
inside. The collection was timed for 15 min from the point
of adding the homogenate to the funnel. The 15-min volume
was treated as the ERV (Jay 1964). After mixing, a part of
the ERV was stored in a refrigerator for the determination
of soluble proteins on the next day (Nychas 1984).
Otherwise, it was stored in a deep-freezer (-20 °C) for 24
h and then transferred to liquid nitrogen for long term
storage.

4. Soluble Proteins
A modification of the original method of Lowry et al.
(1951) was used for the determination of soluble proteins
(Kresze 1983).
a. Preparation of solutions
1. Sodium deoxycholate (10 mg/ml)
Sodium deoxycholate, NaC2 4 H 3 9 0 4 (1 g) was dissolved in
water to give 100 ml.
2. Trichloroacetic acid (240 mg/ml)
TCA (24 g) were dissolved in water to give 100 ml.
3. Sodium hydroxide (0.8 mol/1)
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NaOH (32 g) was dissolved in water to give 1000 ml.
4. Reagent A
Disodium tartate Na 2 C4 H 4 0 6 •2H2 0, (0.2 g) and 10 g Na2 C03
were dissolved in 69 ml NaOH (3) and diluted to 100 ml with
water.
5. Reagent B
Disodium tartate (2 g) and 1 g CuS04•5H20 were dissolved
with 12.5 ml NaOH (3) and diluted to 100 ml with water. The
solution was protected from light.
6

. Reagent mixture

NaOH (25 volumes), Reagent A (18 volumes), and Reagent B (2
volumes) were mixed immediately before use.
5. Folin-Ciocalteu reagent
One volume of commercial Folin-Ciocalteu reagent (2 N,
Sigma, F-9252) was diluted with 2 volumes of water just
before use.
6

. Bovine serum albumin standard

Bovine Serum Albumin (BSA) (Protein standard, Sigma
diagnostics, P 7656, USA) was used as standard for the
preparation of a calibration curve.
For the determination duplicate samples (0.5 ml) of ERV
filtrate, diluted

1:10

were used.
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b Measurement

Into 1.5 ml Eppendorf tubes
were pipetted
ERV (5 to 60 /xg of protein)

sample
0.50

ml

blank

-

water

-

0.50 ml

Sodium deoxycholate

0.01 ml

0.01 ml

These were mixed and incubated for 15 min
Trichloroacetic acid
These were mixed centrifuged

0.20 ml

0.20 ml

(10min, 13 000 g) and the

supernatant removed carefully.
Reagent mixture

0.45 ml

0.45 ml

These were vortexed to dissolve precipitate.
Folin-Ciocalteu reagent

0.30 ml

0.30 ml

These were mixed immediately and vigorously.
Folin-Ciocalteu reagent

0.30 ml

0.30 ml

These were mixed vigorously and incubated in the dark for
30 to 60 min. The absorbance was read against a blank at
750 nm.
c. Calculation
C = a x 0.1 (g soluble protein per 100 g minced lamb)
where, a: the amount of proteins (/xg) corresponding to 0.5
ml sample calculated from the standard curve.
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5. Sampling and preparation of sample for metabolites
determination
An analytical unit of minced lamb was weighed (10 g)
simultaneously from the same area and manner as that for
enumeration in a tared

100

ml beaker, and immediately was

added 60 ml ice-cold perchloric acid

(1

M, acidic

deproteinization) to cover the analytical unit, then the
beaker was covered with a aluminium foil and stored at 4 °C
until preparation. At preparation the contents were
transferred quantitatively in a homogenizer beaker with
water, and homogenized for 10 min in a MSE blender at high
speed. Homogenization took place in the cold by placing the
homogenizer beaker into an ice-bath surrounding the vessel.
The homogenate was transferred quantitatively with
distilled water into a

100

ml volumetric flask and

filled

up to the mark with water. Care was taken so that the fatty
layer was above the mark with the aqueous layer at the
mark. After shaking the mixture, the contents were
transferred to two centrifuge

tube (capacity 50 ml each)

and centrifuged at 3000 g for 15 min. After cooling in a
refrigerator and filtration of the supernatant through a
Whatman No 1 filter paper, 50 ml of the clear, filtered and
defatted supernatant were transferred to a

100

and neutralized with KOH (5 M) to the final pH

ml beaker
8

. After

neutralization, the contents were transferred to a

100

volumetric flask, filled up to the mark with distilled

ml

80

water and placed into anice-bath for

20

min when the excess

of HCIO4 precipitated as KCIO4 . The clear supernatant after
filtration was stored at 4 °C and used as the sample
solution in the assays (Henniger and Bergmeyer 1983).
If the analysis was done after a few days the above
procedure was done in two stages. The basic
(homogenization-extraction-deproteinization and
centrifugation) was done on the same day as the
microbiological analysis, and followed by storage of
centrifuged-deproteinized solutions in a deep freezer

(-20

°C). When the analyses were done, the preparation of
samples was completed with filtration, neutralization and
their final dilution. Sample concentration in the final
sample solution was 50 g.l-1. Dilution factor (f)= 1:20.

6

. Total carbohydrates (anthrone value, Ingram and Dainty

1971).
a. Preparation of solutions
1. Anthrone solution
Anthrone (0.1 g) and thiourea (2.0 g) were dissolved in
H 2 SO4 (6 6 %, v/v) by warming the mixture to 80-90 °C. After
cooling the solution was made up to a final volume

(200

ml). The solution was stored in a refrigerator, maximum
storage 2 weeks (Roe 1955).
2. Glucose standard solution (0.5 g/1)
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b. Measurement
Five ml anthrone reagent was added to 0.5 ml sample
solution in test tubes. These were heated in a boiling
water bath for 15 min. After cooling in a water bath at
ambient temperature, the tubes were stored in the dark and,
after 20-30 min following removal from the boiling water
bath, the absorbance of each sample and standard was read
at 620 nm, setting the spectrophotometer with the blank
reagent. Duplicate tubes for each unknown were analyzed as
well as duplicate tubes of glucose standard solution
(Sutherland et al. 1976).
c. Calculation
The amount of total carbohydrate present was calculated
thus:
a sample

C=

--------

x CSTANDARD x ^ (total carbohydrates, mg%

minced lamb),

A STANDARD

where: Ag^pLg, the mean average values of absorbances of
sample. AsTANDARD' the mean average value of standard,
CSTANDARD/ concentration of standard glucose solution
(mg/dl) and f, dilution factor =

2 0

.

7. Ammonia
Ammonia was estimated by the method of Chaney and Marbach
(1962) based on the catalysed indophenol reaction.
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a. Preparation of solutions
1. Solution 1
Phenol (10.0 g/1) and sodium nitroprusside (0.050 g/1) were
dissolved in water and made up to the volume

(1

1

).

2. Solution 2
Sodium hydroxide (5.0 g/1) and 0.42 g/1 sodium hypochlorite
in the form of commercial bleach, were added to water and
made up to the volume (1

1

).

3. Standard ammonia solution (1000 ppm)
NH 4 CI (3.1464 g) was dissolved in water and made up to 1 1.
4. Working standard (10 jug/ml)
One ml of the 1000 ppm NH 3 solution were diluted in 100 ml
with distilled water.
Solutions 1 and 2 were stored in amber bottles in the dark
and the ammonia solutions in a refrigerator.
b. Measurement
Five ml each of solutions 1 and 2 were added successively
in 0.5 ml sample solution in tubes. These were incubated at
room temperature for 30 min and the absorbance measured at
625 nm against blank. For each series of unknowns analyzed,
two standard tubes were prepared each containing 5 jug NH3 .
c. Calculation
aSAMPLE
C = -------- x 20 (ammonia, mg% minced lamb)
aSTANDARD
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8

. Ninhydrin-positive (reactive) substances (Rosen 1957)

a. Preparation of solutions
1. Stock NaCN (0.01 M)
NaCN (49 mg) was

dissolved in water and made up to 100 ml

with water.
2. Acetate buffer (pH 5.3-5.4)
CH3 COONa•3 H 2 O (360 g) was dissolved in 0.8 1 water and the
pH adjusted with ca. 67 ml glacial CH3 COOH and made up to
1.0

1

with water.

3. Acetate-Cyanide (0.0002 M NaCN in acetate buffer)
Twenty ml of solution 1 were made up to 1 1 with solution
2

.

4. Ninhydrin 3% (w/v) solution in methyl Cellosolve (2methoxyethanol).
5. Diluent (isopropyl-alcohol:water; 1:1, v/v)
6

. L-leucine standard solution (1 /xM)

b. Measurement
To 0.1 ml sample solution, 0.5 ml cyanide-acetate buffer
(3), and 0.5 ml of ninhydrin solution (4) were added. The
tubes were heated in a 100 °C water bath for 15 min.
Immediately after removal from the water bath, 5.0 ml of
diluent (5) were added, shaken vigorously, allowed to cool
at room temperature and absorbance at 570 nm against blank
recorded.
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c. Calculation
The concentration of ninhydrin-reactive substances was
expressed as mmol

1

-leucine per

100

g minced lamb based on

a standard curve.
C = a x 20

(mmol 1-leu % minced lamb)

where a is the amount of
curve corresponding to

1

0.1

-leucine (/xmol) from the standard
sample solution used in the

assay.

9. D-glucose
Determination with a colourimetric method using
glucose oxidase and peroxidase (Kunst, Draeger and
Ziegenhorn 1984). The enzymatic reactions involved in the
assay are as follows:
A H 2 0 2 ~generating oxidase reaction
glucose oxidase
glucose + H 2 O + O 2 ------------->

gluconic acid + H 2 O 2

and an indicator reaction based on the formation of
coloured substance by the oxidative coupling of two
chromogens in the presence of peroxidase.
h 2°2

+ 4-aminoantipyrine + p-hydroxybenzene sulfonate
peroxidase
--------- >

quinoneimine dye + H 2 O

In this study the [Trinder] reagent (Sigma
Diagnostics, Diagnostic kit 315-100) was used following the
No 315 procedure of the kit with adaptations.
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a. Preparation of solutions
Contents of a reagent vial (Sigma, 315-100) was
reconstituted with ca. 67 ml water.
b. Measurement

The following were pipetted successively into appropriate
cuvettes

Blank

Standard

Sample

sample solution

-

-

1.0

ml

glucose standard solution

-

0.1

water

1.0 ml

0.9 ml

Trinder's reagent solution

2.0 ml

2.0 ml

2.0

ml

ml

Final volume 3.0 ml
At 15 s intervals Trinder's reagent was added, mixed
and each cuvette incubated for 18 min at ambient
temperature (18-2 6 °C) -avoiding direct sunlight.
Absorbance of standard (As t a n d a r d ) anc* samples (As ^

jple )

was read against blank and recorded at 505 nm using the
same time intervals at which the Trinder's reagent had been
added into the cuvettes.
c. Calculation
aSAMPLE
C = --------- x 100 (mg D-glucose /100 g minced lamb)
aSTANDARD
when the concentration of D-glucose standard solution used
is 0.05 g/1.
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10. D-glucose-6 -phosphate
The determination of D-Glucose-6 -phosphate was done with
glucose-6 -phosphate dehydrogenase (G6 P-DH)

(Michal 1984).

The method is based on the following enzymatic reactions:
G 6 P-DH, pH 7.6
glucose-6 -P + NADP+ ^

-- -----:=^

gluconolactone-6 -P +

NADPH + H+
non-enzymatically
gluconolactone-6 -P + H 2 O -------------- ^
a.

gluconate-6 -P

Preparation of the solutions

1. Tris/Mg2+ buffer (0.4 M, Tris; 10 mM Mg2+; pH 7.6)
Tris[hydrohymethyl]aminomethane, Sigma T-1503 (9.69 g) and
0.42 g MgCl2 .6 H 2 0 were dissolved in about 120 ml water and
the pH value was adjusted with addition of HC1, 2 mol/1,
and made up to

2 00

ml with water.

2. Nicotinamide-adenine dinucleotide phosphate (J3-NADP, ca.
5.0 mM)
B-nicotinamide-adenine dinucleotide phosphate dissodium
salt (NADP-Na2 ), 4 mg/ml water was used

(Boehringer

Mannheim GmbH, Cat. No.128031)
3. Glucose-6 -phosphate dehydrogenase (G6 P-DH, 0.25 g
protein/1; 35 kU/1)
A 1+3 dilution with water of a commercial enzyme suspension
(G6 P-DH, from yeast, suspension in ammonium sulfate
solution, 3.2 mol/1, > 140 U/mg protein at 25 °C,
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Boehringer Mannheim GmbH, Cat. No.127043) containing 1 mg
protein/ml was used.
b. Measurement

The following were pipetted successively into appropriate
cuvettes

sample

Buffer(l)

1.00 ml

sample solution

1.00

water

-

1.00

NADP solution(3)

0.10 ml

0.10 ml

ml

blank
1.00 ml
ml

The contents were mixed with a plastic spatula and the
absorbance (A^) was measured twice at an interval of 3 min,
G 6 P-DH suspension(4)

0.02 ml

0.02 ml

The contents were mixed with a plastic spatula for 5 min
and the absorbance (A2 ) was measured twice at an interval
of 3 min.

c. Calculation
According to the general equation for calculating the
concentrations:
V x MW
C = ------------------ x DA [g/1], where
e x d x v x

1000

V = final volume of the assay mixture (ml)
v = volume of sample solution (ml)
MW = molecular weight of the substance to be assayed
(g/mol)
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d = light path (cm)
e = absorption coefficient of NAD(P)H = 6 . 3

(lx mmol” 1 x

cm”1).
DA = is calculated by subtracting the absorbance difference
of the blank from the absorbance difference of the sample.
The absorbance difference is calculated by subtracting the
absorbance value before the commencement of the reaction
(A]J from that at the end of the reaction (A2 ) (end point
methods) unless otherwise stated. When creep reactions were
observed A 2 was read 4 to

6

times at constant intervals of

1, 2, 5 or 10 min beyond the time given in the working
instructions and plotted against time. Extrapolation of the
linear part of the curve to the start time of the reaction
was done and the true absorbance estimated. Alternatively,
the constant absorbance change per min was multiplied by
the total reaction time in minutes (DAcreep reaction) an(^
subtracted from the measured absorbance difference (if the
creep reaction and the main reaction proceed in the same
direction, otherwise it was added).
In the subsequent determinations when the increase or
decrease of the absorbance of NAD(P)H was used,
calculations were based on the above general equation. To
express the results in mg of substance per

100

g the

dilution factor was used.
It follows for D-glucose-6 -phosphate
C = 175.1 x DA (mg glucose-6 -phosphate/100 g minced lamb),
when the amount of sample solution in the assay mixture is
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I.0 ml, final volume 2.12 ml and MW 260.2.
Where DA is the absorbance difference of the sample absorbance difference of the blank.

II. D-gluconate and D-gluconate-6 -phosphate
A method described by Moellering and Bergmeyer (1984) was
used based on the following enzymatic reactions:
gluconate kinase
D-gluconate + ATP

v

^
6

gluconate-6 -P + NADP+

gluconate-6 -P + ADP

-PGDH

-------- ^

ribulose 5-P +

NADPH + H+ + C02
6-PGDH, 6-phosphogluconate dehydrogenase
a . Preparation of solutions
1. Triethanolamine buffer (TEA)/MgS0 4
Mg 2 + ,

6

(pH 8.0, TEA, 0.4 M;

mM): Triethanolamine hydrochloride (7.4 g, Sigma T-

1502) and

MgS0 4 7H20 (148 mg, BDH) were dissolved in 80 ml

water and adjusted to the pH value with KOH (2 M) and
diluted to

100

ml with water.

2. Nicotinamide-adenine dinucleotide phosphate/Adenosine
5 1-triphosphate (B-NADP, 5.5 mmol/1; ATP, 35 mmol/1):
NADP-Na2 , 20 mg (Boehringer Mannheim GmbH, Cat. No.128031)
and ATP-Na2 •3H2 0, 80 mg (Boehringer Mannheim GmbH, Cat.
No.126888) were dissolved in 4 ml water.
3.

6

-Phosphogluconate dehydrogenase (6 -PGDH, 24 kU/1):

The stock suspension, 2 mg/ml; 12 U/mg (Boehringer Mannheim
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GmbH, Cat. No.108391) was used undiluted.
4. Gluconate kinase (40 kU/1):
The stock suspension (Boehringer Mannheim GmbH, Cat.
No.105058) was used undiluted. Solution 1 was stored in a
refrigerator. Solutions 2 was prepared on the day of use.
Jb. Measurement
I nto

Cuvettes (3.0 ml) were pipetted successively

the

following:
TEA/MgS04 buffer (1)

1.70 ml

NADP+/ATP solution

0.20 ml

sample solution

1.00

ml

The contents were mixed with a plastic spatula and the
absorbance was read (A^)
6

-PGDH suspension (4)

0.02 ml

The contents were mixed with a plastic spatula and the
absorbance was read (A2 ) after ca. 5 min. The difference
DA^ = A 2 -A1 corresponds to gluconate-6 -phosphate. Final
volume: 2.92 ml.
gluconate kinase suspension

0.01

ml

The contents were mixed with a plastic spatula and the
absorbance (A3 ) was read after 30 min. When the reaction
had not stopped after 30 min, the absorbance was continued
to be read at 5 or 10 min intervals until it increased
constantly over 5 or 10 min. The difference DA2 = A 3 -A2
corresponds to gluconate. Final volume: 2.93 ml.
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c. Calculation
D-gluconate-6 -phosphate, c = 255.9 x DA^ (mg/100 g minced
lamb)
D-gluconate, c = 182.5 x DA2 (mg/ 1 0 0 g minced lamb)
MW (D-gluconate): 196.2, MW (D-gluconate-6 -phosphate):
276.1

12. L-lactic acid
UV-method with L-lactate dehydrogenase and L-alanine
aminotransferase (Noll 1984). The method is based on the
following enzymatic reaction:
LDH
L- (+ )-lactate + NAD+

^ -- - ■—

pyruvate + NADH + H+

and a trapping enzymatic reactions for pyruvate

ALT
Pyruvate + L-glutamate

L-alanine + 2-oxoglutarate

where; LDH, lactate dehydrogenase and ALT, L-alanine:2oxoglutarate aminotransferase formerly called GPT,
glutamate-pyruvate transaminase.
a Preparation of solutions
1. Glycylglycine/glutamate buffer (glycylglycine, 0.6 M;
glutamate, 0.1 M; pH 10.0)
Glycylglycine (4.76 g) and L-glutamic acid (1.00 g) were
dissolved in ca. 50 ml water and the pH value was adjusted
with NaOH (10 M) and made up to 60 ml.
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2. Nicotinamide-adenine dinucleotide (ca. 40 mM /3-NAD)
B-nicotinamide-adenine dinucleotide, 30 mg/ml water was
used

(Boehringer Mannheim GmbH, Cat. No.127981, W.Germany)

3. Alanine aminotransferase (ALT, 800 KU/1)
A undiluted enzyme suspension (Boehringer Mannheim GmbH,
Cat. No. 105589) was used.
4. L-lactate dehydrogenase, ca. 5 mg protein/ml suspension
A undiluted enzyme suspension (Boehringer Mannheim GmbH,
Cat. No.127230, 127876) was used.
b. Measurement

The following were pipetted successively into appropriate
cuvettes

sample

blank

Buffer (1)

1.00 ml

1.00 ml

NAD solution (2)

0.20 ml

0.20 ml

ALT suspension (3)

0.02 ml

0.02 ml

Sample solution

0.10 ml

-

Water

0.90 ml

1.00 ml

The contents were mixed with a plastic spatula and the
absorbance was measured(A^).
L D H .suspension (4)

0.02 ml

0.02 ml

The contents were mixed with a plastic spatula, incubated
at 25 °C for 60 min and the absorbance was measured(A2 ).

c. Calculation
C = 640.7 x DA (mg L-lactic acid/100 g minced lamb)
when the amount of sample solution in the assay mixture is
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0.1 ml, final volume 2.24 ml, ^lactic acid/ 90.1.
Where A is the absorbance difference of the sample absorbance difference of the blank.

13. D-lactic acid (Gawehn 1984)
a. Preparation of solutions
As for L-lactic acid except for D-LDH (vide infra).
b. Measurement
The determination of L - (+)-lactate (vide supra) followed
immediately the determination of D-(-)-lactate in the same
cuvette -0.05 ml D - (-)-lactate dehydrogenase (D-LDH) from
Lactobacillus leichmannii (Boehringer Mannheim GmbH, Cat.
No.106941) was added and the absorbance measured after 60

m.
c. Calculation
C = 655.0 x DA (mg D-lactic acid/100 g minced lamb),
when the amount of sample solution in the assay mixture is
0.1 ml, final volume 2.29 ml.
Where DA is the absorbance difference of the sample absorbance difference of the samples and blank after the
determination of the L-lactic acid.
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14. Acetic acid
UV-method with Acetyl-CoA Synthetase (ACS) (Beutler 1984).
The method is based on the following enzymatic reaction:
ACS
acetate + ATP + CoA

^

^

acetyl-CoA + AMP + PP-j^
CS

acetyl-CoA + oxaloacetate + H20

^

^

citrate + CoA

and the preceding MDH-catalyzed indicator reaction
MDH
malate + NAD+

^

—

oxaloacetate + NADH + H+

Balance: acetate + ATP + malate + NAD+ -----AMP + PP-^ + citrate + NADH + H+
where; CS, citrate synthase and MDH, malate dehydrogenase.
a. Preparation of the solutions
1. Tris/malate/magnesium buffer (Tris, 0.4 mol/1, pH 8.4;
L-malic acid 30 mmol/1; MgCl2 ,

10

mmol/1):

Tris[hydrohymethyl]aminomethane, Sigma T-1503 (2.43 g), Lmalic acid, BDH, 210 mg and 105 mg MgCl2 *6 H 2 0 were
dissolved in 30 ml water and the pH value was adjusted with
HC1, 2 M

and made to 50 ml.

2. Nicotinamide-adenine dinucleotide/coenzyme A/ adenosine

s' -triphosphate (B-NAD, 16 mmol/1; CoA, 2.8 mmol/1; ATP, 40
mmol/1 ):
13-nicotinamide-adenine dinucleotide, free acid, (Boehringer
Mannheim GmbH, Cat. No.127931), 25 mg; CoA, free acid,
(Boehringer Mannheim GmbH, Cat. No.103403, 103411), 5 mg;
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and ATP-Na2 H 2 •3H2 0, (Boehringer Mannheim GmbH, Cat. No.
126888), 50 mg were dissolved in 2.0 ml water.
3. L-malate dehydrogenase/citrate synthase (MDH, 3000 kU/1;
CS, 110 kU/1):
MDH, 0.1 ml of a stock undiluted enzyme suspension
(Boehringer Mannheim GmbH, Cat. No.127256) and 0.1 ml CS,
(Boehringer Mannheim GmbH, Cat. No.103373) was mixed.
4. Acetyl-CoA synthetase (ACS, ca. 20 kU/1)
Lyophilized, ACS preparation, 3 mg (36.65 U/26.2 mg
lyo./5mg protein; Boehringer Mannheim GmbH, Cat. No.161675)
were dissolved in

0.2

ml water and mixed carefully.

The preparations 2, 3, 4 were made on the day of their
utilisations corresponding to

10

assays.

Jb. Measurement

sample

blank

Buffer (1)

1.00 ml

1.00 ml

NAD/CoA/ATP solution (2)

0.20 ml

0.20 ml

Sample solution

0.10 ml

Water

1.40 ml

1.50 ml

The contents were mixed with a plastic spatula and the
absorbance was measured after 3 min (Aq ).
MDH/CS suspension

(3)

0.02 ml

0.02 ml

The contents were mixed with a plastic spatula, and after 5
min the absorbance was measured (A^). DA^ = A^-Aq
ACS solution (4)

0.02 ml

0.02 ml
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The contents were mixed with a plastic spatula, and after
15-2 0 min the absorbance was measured (A2 ), creep reaction
was not observed. DA2 = A 2 -Aq.
c. Calculation
C = 261.2 x DA (mg acetic acid/100 g minced lamb)
here DAac = DAsampie- DA^ia^ calculated on the following
basic formula for preceding indicator reactions:
o

DA = DA2 - (DAx)*/DA2 ; when the amount of sample solution
in the assay mixture is 0.2 ml, final volume 2.74 ml,
^acetic acid' 60.05.

15. Glycogen
a. Sample preparation
Minced lamb (10 g) was weighed into a 100 ml volumetric
flask and 60 ml HC1 (IN) added. The volumetric flask was
placed in a boiling-water bath for

2

h (acidic hydrolysis

of glycogen). After cooling at room temperature and filling
up to the mark with distilled water, the hydrolysate was
centrifuged (15 min, 3000 g) and the supernatant stored at
-20 °C (Keppler and Decker 1984). When the analysis was
done and after filtration, 50 ml of the supernatant, was
transferred to a beaker, decolourized and clarificated with
Carrez's reagent, finally neutralized to pH 7±0.5 with
NaOH, 2 M, and transferred into a 100 ml volumetric flask
with distilled water filling it up to the mark. Dilution
factor (f): 20, minced lamb/sample solution: 50 g/1.
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b . Clarification with Carrez's reagent
Five ml Carrez's I solution (K4 [Fe(CN)5 ].3H2 0, 3.60
g/lOOml) were added successively, shaken vigorously, and
after 5.0 ml Carrez's II solution (ZnS0 4 .7 H 2 0 , 7.20 g/100
ml) added.
c. Measurement
The concentration of D-glucose in the sample solution was
determined by Trinder's method (vide supra). The difference
between glucose concentration in the hydrolysate and that
which had been calculated in the other sample solution
(without acid hydrolysis) was assumed to be the amount of
glycogen in the sample.

E. Statistical Analysis
The data obtained from surveys 1 and 2 were subjected to an
(2X4) and (2X6) factorial analysis of variance
respectively, carried out for each variable separately, to
test for differences between supermarkets, day of
examination (purchase, expiry) and possible interactions as
well as to a principal component analysis. The latter
analysis was carried out on the correlation matrix of the
16 microbiological and physico-chemical variables.
Microbial counts were transformed to In prior the
statistical treatment. Both factorial analysis of variance
and the principal component analysis were performed by
means of statistical software package Genstat 5, release
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2.2 (Lawes Agricultural Trust, Rothamsted Experimental
Station, 1990).
Visual discrimination and clustering/grouping of the
sample units was performed by plotting the values of the
first three component for each sample unit (Chatfield and
Collins 1980, Blackith and Reyment 1971).

II. Survey of meat preparation areas

A. Sampling
Three meat preparation areas were involved in this phase of
the study: a deboning plant, a sausage plant and a meat pie
plant. Table 3.37 shows the surfaces sampled. To examine
these, sterile calcium alginate wool swabs (Difco, T511,
Surrey, U.K.) were used as follows: a random area of the
surface was swabbed by rubbing firmly over the surface with
parallel strokes, with slow rotation of the swab, and then,
the same surface swabbed a second time, using parallel
strokes at right angles to the first set. For sampling free
water on surfaces, swabs were immersed in this material.
Having swabbed a particular site, a swab was broken off
aseptically into a screw-capped tube containing 5 ml of a
sterile

1

per cent solution of calgon (sodium

hexametaphosphate) in quarter-strength Ringer*s solution.
Samples were stored in an insulated container containing
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ice and transported to the laboratory. Examination of the
samples was done on the same day.

B. Examination
The tubes containing the alginate swabs were mixed for 2
min in order to disperse and dissolve the alginate wool
thereby giving a suspension of bacteria contained in the
swab. From this initial suspension serial dilutions up to
10

were prepared and

0.1

ml of each dilution spread on a

dry surface of P.C.A. and C.F.C. medium in duplicate. The
Petri dishes were incubated at 20 °C for 2 d and the
numbers of c.f.u. counted and recorded.

C. Identification of Pseudomonas spp.
Five randomly selected colonies -lying on or nearest to a
line across the diameter of a countable C.F.C. Petri
dishes- were streaked out on Nutrient agar (NA) to achieve
purity and identified with the protocol described on pp.
64. In addition, Petri dishes containing C.F.C. were
examined under an ultraviolet lamp (Universal lamb, 350 my,
CAMAG, Muttenz, Schweiz) in a dark room to estimate the
ratio of fluorescent to non-fluorescent colonies.

D. Meat tray experiments

100

Three trays taken from the meat processing line of a local
factory were transferred to the laboratory. After removing
any meat particles, one sheet of sterile filter paper
(Whatman 1, 46 cm x 57 cm) was placed on the bottom and 1.0
1 sterile distilled water was added. Samples were taken
from the free water after mixing and a predetermined piece
of filter paper was removed with a sterile scalpel from the
end farthest away from the free water. The filter paper was
dispersed in 1/4 Ringer's solution and, for both filter and
free water samples, serial dilution in the above diluent
prepared. Portions (0.1 ml) of appropriate dilutions were
spread on C.F.C. selective medium in duplicate and
incubated at 20 °C for 2 d. After incubation the ratio of
fluorescent to non- colonies was estimated by observation
under an ultraviolet lamp.

III. Studies with axenic and xenic cultures

A. Axenic cultures of Pseudomonas spp.

1. Preparation of meat extract
The meat extract was prepared as described by Gill (197 6 )
from a shoulder of English Spring lamb bought from a local
butcher. It was deboned and minced with a home mincer
(Kenwood). As a quality control indicator the pH value of
the mince was determined. Ice-chilled phosphate buffer
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(NaH2 P0
1

4

•2H20-K2 HPO4 , 0.2 M, pH 6.0) and minced lamb (1.0-

.5/1.0, vol/wt) were mixed and homogenised for

2

min with

a homogeniser at a low speed (MSE). Portions of the
homogenised meat (300-400 g) were poured into a piece of
cheesecloth and squeezed manually to express the liquid.
The final extract, obtained after combining all the
extracts, was heated at 80 °C for 3 min in a microwave oven
(Sharp, Japan) for coagulation and denaturation of water
soluble proteins. The extract was cooled rapidly, filtered
initially with a Buchner funnel with Whatman filter paper
No. 1 (18.5 cm) and finally with Whatman glass microfibre
filter GF/A (9.0 cm) and GF/D (4.7 cm). The filtered meat
extract was stored in plastic conical flasks at -20 °C and
after overnight thawing at 4 °C, filter sterilised with a
GN- 6 Grid filter membrane (pore size 0.45 /zm, 47 mm, Gelman
Sciences Inc., Michigan) before inoculation. Alternatively,
after the filtration through Whatman filter paper No. 1 the
meat juice was centrifuged at 4 °C (10000 g, 15 min), the
supernatant was stored at -2 0 °C and filter sterilised
(vide supra).

2. Preparation of the inoculum
Nutrient broth (50 ml in 100 ml conical flasks) was
inoculated with a loop from a slope culture of bacterium
maintained at 4 °C (vide infra)

and incubated in a shaking

water bath and, after overnight incubation at 20 °C, 30-40
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ml of the culture were harvested by centrifuging (15 min,
3000 g) at room temperature. The cell sediment was washed
and resuspended twice with saline (0.85% NaCl, w/v) to
remove all traces of the medium and finally resuspended in
ca. 30 ml of saline. Experimental flasks were inoculated
with 1.0 ml of a 10“ 3 dilution in 1/4 strength Ringer's
solution of the original suspension in saline in order to
•

.

.

.

.

provide an initial inoculum of

5
10^-10

i

c.f.u./ml of the

medium.

3. Experimental cultures
Four micro-organisms isolated from samples obtained from
butcher's shops in Bath and identified with P. fluorescens
able to produce acid from glucose in Hugh and Leifson'
medium and referred to as gluconate positive (glc+), P.
fluorescens unable to do so and referred to as gluconate
negative (glc-), P. lundensis and P. fragi were used. The
medium was a complex medium (Gill and Tan 1979) and a meat
extract prepared in the laboratory (vide supra). Two
temperatures were used, 20 and 4 °C. Both media (2 00 ml)
were added to 500 ml conical flasks immersed in water
baths (diameter 20 cm, high 12 cm). To ensure stability
and to eliminate the risk of the flask floating or tipping
over, a lead ring was placed around the neck of the flask.
Distilled water was circulated within the

baths, with one

inlet and two outlet, by individual pumps (EHEIM,
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W.Germany) immersed in a pool of distilled water in which
temperature was controlled at 20 °C with a thermostatic
circulator (Chemlab, England) complemented with a cooling
system -an immersion cooler (Chemlab, England) for
operation below room temperature. A magnetic stirrer
situated under the individual troughs agitated the culture.
For growth at 4 °C, conical flasks were put in a cool room.

4. Sampling of cultures
Aseptic sampling was done at time intervals given in the
appropriate Figure legends. The neck of the flasks situated
in troughs were flamed,

10

ml of culture withdrawn and

transferred to a sterile universal. Conical flasks with
cultures growing at 4 °C in a cool room were transferred to
a laboratory where sampling took place as above. The flasks
were returned immediately to the cool room. In the latter
situation samples were stored in a refrigerator. In both
instances enumeration of the culture, determination of pH
value and deprotenisation of samples were done as soon as
possible in the same order as the sampling.

5. Calculation of growth parameters
Counts of viable cells on PCA and CFC media were used for
calculation of growth parameters. Portions (0.1 ml) of an
appropriate dilution in \ Ringer's solution were spread and
incubated at 20 °C for 2 d. The mean average of the counts
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obtained was calculated and used for the determination of
the specific growth rate constant (k, h”1), and doubling
time or generation time (g, h) substituting to the
following equations:
1o<?10n2”1o<?10n1 = k (t2 “ti)/2 .303

where

, N2, are the

viable counts at the commencement and end of the
exponential phase of growth at the time t^ and t 2
respectively,
g = ln2 /k

6

. Growth in a modified meat juice

Meat juice used in previous experiments was centrifuged
(10000 g, 15 min) for removal of biomass and filter
sterilised. Then it was supplemented with D-glucose (50
mg/dl), and DL-lactic acid (0.2 g/dl); to test if there was
any inhibitory effect of the above on the growth of P.
fluorescens, the meat juice, having being used twice as
culture medium alone and with pure meat juice (1 :1 , v/v)
and control pure meat juice (100ml in 250 ml conical
flasks) was used.
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B. Xenic cultures of Pseudomonas spp.

1. Inoculum
An inoculum composed of P. fluorescens (glc+) and P. fragi
was used. To achieve this from the separate washed cell
suspensions of the micro-organisms in saline, appropriate
portions of the organisms were added to 9.0 ml \ Ringer's
solution and further decimal dilutions prepared up

.

10

From this 10- 3 dilution, 1.0 ml was added to meat extract
in order to give an initial total viable count of
c.f.u.ml- 1
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-1 0 4

(200 ml in 500 ml conical flasks, stirred

magnetically during growth). The xenic culture was
incubated for 5 d at 4±2 °C. Sampling for microbiological
and physico-chemical analysis was done at

12

h time or

daily intervals.

2. Enumeration
In order to enumerate the total viable population and to
distinguish the colonies of the above micro-organisms,
appropriate samples were spread on the following media:
a. Plate count agar (PCA) for estimation of the total
viable count (T.V.C.). Incubation was at 20 °C for 36 h.
b. A medium was used to test creatine (Creatine agar-CRE)
as a sole energy and carbon source for Pseudomonas.
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Incubation was at 20 °C for 5 d. The medium was prepared in
the same way as in the identification study.

3. Growth in a modified meat extract
Meat juice having been exhausted of its glucose and lactic
acid content by growing P. fragi (4 °C, 5 d) was used.
Culture containing (c.f.u./ml>108), was centrifuged (10000
q,

10

min), the supernatant filter-sterilised and stored at

4 °C for 24 h. On the day of re-inoculation the medium was
divided into four portions (50 ml each in 100 ml conical
flasks), one as control and others were supplemented
respectively with:
i. glucose (50 mg/dl),
ii. DL-lactic acid (0.2 g/dl), and
iii. a combination of i and ii {glucose (50 mg/dl), DLlactic acid (0 . 2 g/dl)}.
The original pH value of the meat juice was 6.0. After
growth of P. fragi, the pH value of the sterilised
supernatant was

6

.8 . In the portions of the supernatant

supplemented with lactic acid, the final pH value was 6.5.
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C. Xenic cultures of Gram-positive and Gram-negative
spoilage flora

1. General considerations -apparatus
To ascertain certain physico-chemical changes of the
nutritional dimension as well as the accumulation of end
products during bacterial growth and metabolism the
experiments described below were undertaken. In all a meat
extract (vide supra) was used as a culture medium under an
aerobic and a modified gas atmosphere. The latter was
established by sparging (for at least 5 min) at the time of
inoculation the medium with a gas mixture of carbon dioxide
and oxygen (20:80%, v/v). The system was such that gaseous
exchange between the apparatus and the atmosphere would
have been minimised. The culture apparatus was described by
Alterthum and Rose (1973). It was composed of a 500 ml
round, flat-bottomed Pyrex flask fitted with a fermentation
lock containing water and a sampling port which was covered
by a latex-rubber "Suba Seal" (Gallnkamp). Each flask
contained a polythene-covered magnet which was rotated by a
magnetic stirrer located beneath the flask. Starter
cultures of Gram-negative and Gram-positive organisms were
grown in NA and modified MRS (mMRS, MRS with acetate and
citrate omitted) broths respectively. The strains were
isolated from minced lamb stored under a MA. The protocol
of the preparation of the co-inoculum was described
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previously (pp. 105 ). A portion of meat juice (250 ml) was
added to each flask and, after inoculation and modification
of the gas atmosphere, the flasks were placed into a cold
room (ca. 4 °C) for incubation (ca. 20-30 d). During the
exponential phase of the growth sampling was twice daily,
in early stationary daily, thereafter decreasing the
frequency of sampling with the duration of the experiment.
Growth and physico-chemical changes were followed by
removing portions of the culture with a hypodermic syringe
inserted through the sampling port ("Suba Seal" wiped with
70% (v/v) ethanol) and enumerating the population as below
described.

2. Xenic culture of Pseudomonas fragi, Brochothrix
thermosphacta and Carnobacterium piscicola
The culture was grown in a modified atmosphere meat juice
(MAMJ) and an aerobic control culture. In addition, the
xenic culture was grown in a laboratory medium with
modified atmosphere to observe the fate of the stereo
isomers of lactic acid. For this purpose an MRS modified
medium was prepared omitting sodium acetate and tri
ammonium citrate, and reducing the concentration of glucose
to 50 mg/dl and adding DL-lactate at a level of 200 mg/dl.
The final pH was adjusted to

6

.0-6.2.

In parallel with the xenic culture, an axenic culture
of P. fragi under both growth conditions was included, in

I

109

order to compare the observed physico-chemical changes of
an axenic culture of P. fragi grown aerobically to those of?
an modified atmosphere meat juice.

3. Xenic culture of Pseudomonas fragi, Hafnia alvei,
Brochothrix thermosphacta, Carnobacterium piscicola and
Leuconostoc mesenteroides subsp. mesenteroides
The xenic culture was grown in modified atmosphere meat
juice only. To observe changes caused by a Gram-positive
flora alone, the latter three strains were grown, in
parallel, as a Gram-positive xenic culture. In a third
flask a xenic culture of the lactic acid bacteria was used.
In this case, the meat juice was exhausted of its natural
contents of D-glucose and L-lactate by the growth of
Pseudomonas and finally supplemented with D-glucose (ca.
150 mg/dl). The pH value was adjusted to 6.0 with HC1 (5
M ) . Study with the xenic culture of lactic acid bacteria
had triple objective. To correlate the magnitude of changes
relative to the glucose content, to establish the dominant
stereo-isomer arising from bacterial metabolism and to
provide evidence on the importance of acetate as a major
end product of heterofermentative metabolism.
In addition to the above, axenic cultures of the Grampositive flora was grown in a meat juice previously
exhausted of its natural contents of D-glucose and Llactate by the growth of Pseudomonas and then supplemented
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with D-glucose-6 -phosphate, 120 mg/dl (Sigma, G-7250) to
monitor the ability of the Gram-positive flora to
catabolise this substrate as well as D-gluconate-6 phosphate present in the medium as a consequence of
oxidation of D-glucose-6 -phosphate during aerobic growth by
P. fragi. The pH value was adjusted to 6.0 with HC1 (5 M).

D. Growth of Listeria monocytogenes
Listeria monocytogenes was co-inoculated in a xenic culture
of Gram-negative and Gram-positive bacteria (vide supra).
The experimental purpose was to examine the interaction
between the initial population of L. monocytogenes at three
different levels, with an "autochthonous” population of
spoilage bacteria under a modified gaseous atmosphere.

1. Inoculation and experimental cultures
A strain of L. monocytogenes CRA 3073 isolated from cooked
beef was supplied by Campden, Food and Drink Research
Association, U.K. The starter culture was grown in mMRS
broth overnight at 25 °C and the inoculum was prepared up
supra. Experimental cultures were inoculated with a co
inoculum of the spoilage bacteria and then with an
appropriate inoculum of L. monocytogenes to obtain initial
populations of

103 , 105 and 106 /ml. The inoculum levels of

the spoilage organisms was ca.

10

. An axenic culture of L.

monocytogenes under aerobic and modified atmosphere

Ill

conditions was included as control in order to observe the
effect of the amendment of the gaseous environment on
growth.

2. Enumeration of the population
Enumeration of species of the xenic culture was made with
the selective media shown in Table 2.1.
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TABLE 2.1. Summary of enumeration media, and incubation conditions
for the different taxa of the xenic culturesa
Method,
and period of
incubation

temperature
Taxon/a

Plate count
agar (PCA)

0.1 ml <S)b
20-25 ° C
2-3 d

Total viable
count

different taxa
may be distinguished
by colonial morphology

Nitriteactidionepolymyxin B
(NAT) agar

0.1 ml
30 °C
5 d

(S)

Carnobacterium
piscicola

Listeria monocytogenes
grows freely
(Davidson and Cronin
1973)

Vancomycinpolymyxin B
-modified-MRS

0.1 ml
25 °C
4 d

(S)

Leuconostoc
mesenteroides
subsp.
mesenteroides

High selectivity
based on observations by
Orberg and Sandine
(1984)

STAA agar

0.1 ml
25 °C
2-3 d

(S)

Brochothrix
thermosphacta

High selectivity
Gardner (1966)

Listeria
medium

0.1 ml <S)
30 °C
2 d

Listeria
monocytogenes

High selectivity
Curtis et a l . (1989)

VRBGA
agar

1.0 ml
30 °C
2 d

(P)

Hafnia alvei

Mossel et a l . (1962)

Creatine
agar

0.1 ml

(S)

Pseudomonas
fragi

Based on the
ability of the
species to use creatine as
sole carbon and energy
source

Medium

25 °C
2 d
a

Remarks
and References

.,
, the composition of the media is given in the Appendix,
k, S: spread plate method, P: pour plate method.
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A. Physico-chemical analysis of cultures

1. General -Sample preparation
One ml culture was transferred to a 15 ml centrifuge tube,
4.0 ml HCIO4 (1M) added, the contents mixed, centrifuged
(lOrnin, 3200 g) and stored at -20 °C. When a growth
experiment was completed, the tubes with the deproteinised
samples were defrosted (1 - 2 h, room temperature) and
centrifuged again as above. The supernatant was transferred
quantitatively into a universal vial, neutralized with KOH
(5M) adjusted to a pH value 7.0-8.0 and, knowing the volume
of KOH, distilled water added in order to obtain a 10 ml
final volume. These were shaken gently, immersed for 20 min
in a ice-bath for precipitation of the potassium
perchlorate and the clear supernatant used for the
analyses. Dilution factor: f=10.
Unless stated otherwise the methods, reagents and
solutions previously described were used for the following
determinations. For D-glucose, D-glucose-6 -phosphate, Dgluconate, D-gluconate-6 -phosphate, pyruvate, acetoin,
creatine and creatinine determinations,

1.0

ml of the

deproteinised and neutralised sample solution, and for the
L-lactic acid, D-lactic acid, acetic acid, ammonia, and
total amino acids determinations,
assays respectively.

0.1

ml were used in the
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When the volume of the final reaction volume was
modified from the original method in the assays,
appropriate adjustments were made to the volumes of the
solutions added to the assay in order to have the same
concentration of the substances in the final reaction
mixture. In this case, the modified volume was used in the
calculations.

2. D-glucose
Calculation
aSAMPLE
C = --------- x 50

(mg D-glucose/dl culture)

aSTANDARD
when the concentration of D-glucose standard solution used
was 0.05 g/1.
where Ag^jpLg the absorbance of sample and Ag^ANDARD the.
absorbance of standard.

3. D-glucose-6 -phosphate
Calculation
c = 87.6 x DA (mg glucose-6 -phosphate/100 ml culture),
when the amount of sample solution in the assay mixture was
1.0 ml, final volume 2.12 ml and MW 260.2.
Where DA is the absorbance difference of the sample absorbance difference of the blank.
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4. D-gluconate and D-gluconate-6 -phosphate
Calculation
D-gluconate-6 -phosphate, c = 128.0 x DA^ (mg/dl culture)
D-gluconate, c = 91.2 x DA2 (mg/dl culture)

5. Creatine
A modification of Tanzer and Gilvarg's (1959) method, based
on the following enzymatic reactions (Wahlefeld and Siedel
1985) were used:
CK, pH > 9.0
creatine + ATP

■- - - - - - - creatine phosphate + ADP
PK

ADP + PEP

ATP + pyruvate
LDH

Pyruvate + NADH + H+

->■-L-lactate + NAD+

CK, creatine kinase; PK, pyruvate kinase; LDH, lactate
dehydrogenase.
The decrease in absorbance at 340 nm is proportional to the
amount of creatine.
a. Preparation of the solutions
1. Triethanolamine/K2 CC>3 (pH>9.0)
Triethanolamine hydrochloride (TEA) 4.0 g and K 2 CO3 4.0 g
were dissolved in water and made up to

100

ml.

2. Glycine/magnesium chloride buffer (glycine, 0.25 mol/1;
Mg2+, 0.04 mol/1):
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Glycine, 1.9 g, and MgCl2 '6 H 2 O (0.82 g) were dissolved in
80 ml water adjusted to pH 9.0 with NaOH (1 M) and made up
to

100

ml.

3. Phosphoenolopyruvate/glycine/magnesium chloride (PEP, 10
mmol/1; glycine, 0.25 mol/1; Mg 2 + , 0.04 mol/1):
PEP, tricyclohexylammonium salt (Boehringer Mannheim GmbH,
Cat. No.127388), 28 mg were dissolved in

6

ml solution (2).

4. Reduced nicotinamide-adenine dinucleotide/adenosine 5'triphosphate (B-NADH, 4.4 mmol/1; ATP, 25 mmol/1):
B-NADH, disodium salt, 12.5 mg (Boehringer Mannheim GmbH,
Cat. No.127345) and ATP-Na3 *3H2 0, 60 mg (Boehringer
Mannheim GmbH, Cat. No.126888) were dissolved in 4.0 ml
diluted NaHCC>3 solution (5 g NaHC03 in 100 ml water) .
5. Lactate dehydrogenase/pyruvate kinase (LDH > 400 kU/1;
PK > 200 KU/1):
Crystalline suspensions in ammonium sulphate solution, 3.2
mol/1 were used. To prepare 2.0 ml suspension, 0.3 ml LDH,
10 mg/2 ml, 550 U/ml at 25 °C (Boehringer Mannheim GmbH,
Cat. No.127230) and 0.2 ml PK, 10 mg/ml, 200 U/mg at 25 °C
(Boehringer Mannheim GmbH, Cat. No.128155) were diluted
with 1.5 ml ammonium sulphate solution, 3.2 mol/1.
6

. Creatine kinase (CK>1160 kU/1):

Lyophilized CK 3.3 mg, 350 U/mg at 25 °C, (Boehringer
Mannheim GmbH, Cat. No.126969) were dissolved in 1.0 ml 5%
NaHC03 solution.
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b. Measurement
Into

Cuvettes (3.0 ml) were pipetted successively

the

following:
sample solution

1.00

ml

TEA/K2 C0 3 buffer (1)

1.00

ml

solution (3)

0.15 ml

solution (4)

0.10

ml

It is important to add the solutions in the above order.
The contents were mixed with a plastic spatula to avoid
precipitation.
solution (5)

0.05 ml

The contents were mixed with a plastic spatula and the
absorbance changes was followed until a constant (A^) was
read after ca. 10-15 min.
solution (5)

0.02

ml

The contents were mixed with a plastic spatula and the
absorbance (A2) was read after 60 min. When the reaction
had not stopped after 60 min, the absorbance was continued
to be read at

10

min intervals until it increased at a

constant rate over 10 min. The difference DA = A 2 -A^
corresponds to creatine (see pp 000). Final volume: 2.32
ml.

c .calculation
C = 48.3 x DA (mg creatine/dl culture)
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6

. Creatinine

Creatinine was determined chemically with picric acid
(Jaffe reaction)

(di Giorgio 1974).

a. Preparation of solutions
1. Picric acid.
A saturated solution in water ca.

1

% (w/v) was prepared (pH

2.10-2.15). Picric acid (1.8 g wet reagent) was dissolved
in 100 ml water. The supernatant was used for the
preparation of the solution (3).
2. NaOH, 1.4 N.
NaOH (5.6 g) were dissolved in water and diluted to 100 ml
with water.
3. Alkaline picrate solution
One volume of solution 1 was mixed with 0.5 volume of
solution

2

.

4. Creatinine standard (10 mg/dl)
Creatinine (10 mg) were dissolved in 100 ml HCl (0.1 N).
jb. Measurement
Info
Cuvettes (3.0 ml) were pipetted successively

the

following:sample

standard

sample solution

1.0

standard solution (4)

-

0.1

water

-

0.9 ml

1.0

alkaline picrate (3)

1.5 ml

1.5 ml

1.5 ml

ml

blank
-

-

ml

-

ml
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At timed intervals (15 sec) the alkaline picrate (3)
reagent was added, mixed and each cuvette incubated for
exactly 15 min at ambient temperature (18-26 °C) -avoiding
direct sunlight. Absorbance of standard (AgTANDARD) an(^
samples (As a m p l e ) were read against a blank at 500 nm and
recorded using the same time intervals at which the
alkaline picrate (3) reagent has been added to the
cuvettes.

c. Calculation
aSAMPLE
C = --------- x 10 (mg creatinine/dl culture)
aSTANDARD

7. Acetoin
Acetoin was determined chemically by a modification of
Westerfeld's (1945) original method (Bertagnolli and Hager
1993), based on the oxidation of acetoin to diacetyl in
alkaline medium and the reaction of diacetyl with
creatine.(Voges-Proskauer reaction).
a. Preparation of solutions
1. a-Naphthol solution
a-Naphthol, 2.5 g, were dissolved in 100 ml of 95% ethanol,
0.5 g of decolorizing charcoal added, mixed for 30 min,
then filtered and stored refrigerated in an amber bottle.
2. Potassium hydroxide-creatine solution
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In a 100-ml volumetric flask were dissolved 40.0 g KOH in a
small amount of water, diluted to ca. 90 ml and 0.3 g of
creatine added, dissolved and then diluted to volume and
stored in a polyethylene bottle under refrigeration.
3. Acetoin stock solution
Acetoin, 3-Hydroxy-2-butanone (Aldrich-Chemie, Steinheim,
Cat. No. A 1.795-1), 1.0 g was dissolved in 1 1 of water.
4. Acetoin working standard solution, (1.0 mg/dl)
One ml of 3 was diluted in 100 ml water.
c. Measurement

Test tubes were pipetted successively with the following:
sample

standard

blank

sample solution

1.0

ml

standard solution (4)

-

water

1.0

a-naphthol solution (3)

0.4 ml

0.4 ml

0.4 ml

KOH-creatine solution (2)

0.2 ml

0.2 ml

0.2 ml

1.0 ml
ml

1.0

ml

2.0

ml

The contents of the tubes were gently mixed for 1 min and
incubated for 20 min at 30 °C in a water bath.
Absorbance of standard (As t a n DARD) an(* samples (Ag^pLg)
was read against blank at 54 0 nm and recorded.

c. Calculation
aSAMPLE
C = --------- x 10
aSTANDARD

(mg acetoin/dl culture)
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8

. Pyruvate

A method based on the following enzymatic reaction was used
(Lamprecht and Heinz 1984):
LDH
Pyruvate + NADH + H+

^

—^

L-lactate + NAD+

a. Preparation of solutions
1. Tris buffer (Tris, 0.5 mol/1, pH 7.6)
Tris[hydrohymethyl]aminomethane -Sigma T-1503 (12.11 g) was
dissolved in ca. 12 0 ml water, adjusted to pH with HC1 (2
M) and made up to 200 ml.
2. Reduced nicotinamide-adenine dinucleotide (B-NADH, 5.6
mmol/1 :
B-NADH, disodium salt, 16 mg (Boehringer Mannheim GmbH,
Cat. No.127345) were dissolved in 4.0 ml diluted NaHC0 3
solution (5 g NaHC0 3 in 100 ml water).
3. Lactate dehydrogenase:
An undiluted crystalline suspension (LDH, 10 mg/2 ml, 550
U/ml at 25 °C (Boehringer Mannheim GmbH, Cat. No.127230) in
ammonium sulphate solution, 3.2 mol/1 were used.
b. Measurement
Mo
Cuvettes (3.0 ml) were pipetted successively
following:
Tris buffer (1)

1.20 ml

sample solution

1.00

ml

the
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The contents were mixed with a plastic spatula.
NADH solution (2)

0.10 ml

The contents were mixed with a plastic spatula and the
absorbance changes was followed until a constant (A^)
reading was achieved after ca. 10-15 min.
LDH solution (3)

0.02 ml

The contents were mixed with a plastic spatula and the
absorbance (A2 ) was read after 5 min. When the reaction had
not stopped after 5 min, the absorbance was continued to be
read at 5 min intervals until it had increased constantly
over a 5 min interval. The difference DA = A 2 “A^
corresponds to pyruvate. Final volume: 2.32 ml.

c. calculation
c = 32.4 x DA (mg/dl culture)

9. L-lactic acid and D-lactic acid
Calculation
Cl = 320.4 x DA (mg L-lactic acid/dl culture)
Cq = 327.5 x DA (mg D-lactic acid/dl culture)

10. Determination of the D- and L-lactic acid in the
reagent used for preparation of growth medium
a. Dilution of the reagent
One ml of a general purpose lactic acid reagent (BDH) was
transferred into a l l

volumetric flask and made up to the

123

volume with distilled water. Ten ml of the diluted reagent
were diluted further by transferring these into a 50 ml
volumetric flask and filling up to the mark with distilled
water. A tenth of a ml of the latter solution was added to
the assay mixture. Dilution factor (f) : 5000..
b. Calculation
Cl = 1.60 x A (g L-lactic acid/ml reagent)
Cl = 1 . 6 4 x A (g D-lactic acid/ml reagent)
Final volumes 2.24 and 2.29 ml in the assay mixtures. In
all calculations A is the difference of absorbance
corresponding to the metabolite tested.

11. Acetic acid
Calculation:
C = 261.2 x DAac (mg acetic acid/dl culture)
where DAac = DAsampie- DA^iank calculated on the following
basic formula for preceding indicator reactions:
DA = DA 2 - (DA1 )2 /DA2 ; when the amount of sample solution
in the assay mixture is 0.1 ml, final volume 2.74 ml,
^ acetic acid' 60.05.

12. Ammonia
Calculation
aSAMPLE
C = --------- x 10
aSTANDARD

(mg Ammonia /dl culture)

when the concentration of ammonia standard solution used
10

ppm (l/Ltg/ 0 .lml) .

where A g ^ p ^ the absorbance of sample and Ag^NDARD the
absorbance of standard.

13. Amino acids
Calculation
a sample

C = --------- (mmol 1-leu/dl culture)
aSTANDARD
when the concentration of standard solution is ImM
(0.1 jLtmol/0.1

ml) .
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CHAPTER 3. SURVEY OF MINCED LAMB
FROM COMMERCIAL SOURCES

I. Introduction
This part of the study dealt with the development of
microbial associations in minced lamb obtained from
butchers' shops or supermarkets in the Bath area. In the
former case the lamb had been minced and was on display on
the counter of the shop or a shoulder of lamb was boned-out
and minced on request. The survey sought evidence on two
features,

(i), the level of general contamination of mince

at the time of sale; and (ii), changes in the numbers and
types of organisms during chill storage in air. A range of
physico-chemical changes occurring during storage was
monitored also. In practice, the samples were considered to
be representative of minced lamb from traditional butchers
and stored in a conventional manner. This survey led to
further investigations of the development of pseudomonads
in minced lamb during chill storage. In this phase of the
work, minced lamb was obtained from traditional butchers'
shop or, in one case, a family-run mini-supermarket with
its own butchers department. These outlets (9 in all) were
in Bath or the adjoining towns of Bradford-on-Avon,
Trowbridge, Westbury and Frome.
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In two cases, the mince was produced first thing in
the morning to meet an order made on the previous day. In
the remainder of cases, the mince was on offer to the
public or prepared on request, a boned-out shoulder of lamb
being used in all cases. As all samples were obtained from
shops operating conventionally, it meant that these can be
considered to be representative of mince purchased by a
home-maker. The results were also used to provide a
backcloth against which to consider results coming from
"modern" meat retailing practices. In this case, minced
lamb in modified atmosphere (MA) packs was purchased from
five supermarkets, each one being the main outlet in the
Bath area of five companies having a large number of stores
nation-wide. Again there were two aspects of the analysis:
identification of the microbial associations developing
during chill storage, and physico-chemical changes
associated with such developments. An ultimate objective
was the identification of those changes that might be used
in future to assess meat quality in the microbiological
context.
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II. Results

A. Enumeration and Physico-chemical attributes

1. Minced lamb from butchers
In the preliminary survey carried out in the autumn of
1991, 5 samples of minced lamb from butchers' shops in the
Bath area were studied. The analytical procedures and the
results obtained immediately after purchase are summarised
in Table 3.2 and 3.3 respectively. The detailed results for
every sample are given in Tables 3.5-3.8 . At the time of
purchase, the levels of general contamination of the minced
lamb (as judged by total viable counts on Plate Count Agar)
ranged from 5.2 x 1 0 5 - > 1 .OxlO8 c.f.u./g (Table 3.3).
Brochothrix thermosphacta was dominant in samples 1 and 2
and pseudomonads in 3, 4, and 5. In a second survey of 9
samples of minced lamb from a larger number of butchers,
the TVC ranged from <1.0xl05 -4.4xl07 . In this instance only
4 samples harboured large populations (>5 0-% of total) of
pseudomonads (Table 3.4). These results suggest that some
butchers were selling minced lamb that was far from fresh
(e.g. sample 5, Table 3.3).
When the various physico-chemical attributes of the
minced meat are considered (Tables 3.3 and 3.4), the
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following are worthy of comment: pH1, titrimetric acidity,
ERV, D-glucose, L-lactic acid and ammonia. A pH of >5.9 was
a feature of all samples of minced lamb. It needs to be
stressed that minced lamb differs from other red meats, for
instance beef, in which the normal pH of fresh meat is ca.
5.5 (Lawrie 1985). The ERV was largest in products of pH
6.1 or less and smallest in those of pH

6

.6 . The smallest

initial D-glucose content (30 mg%) was found in mince
having a pH

6

.6 , a small ERV and titrimetric acidity of 3.2

ml (HCl, 0.02 N), a low L-lactate content (292 mg%) and an
ammonia content of 9.8 mg% (sample 3, Table 3.3). Low
contents of carbohydrates and L-lactate were associated on
some occasions only with a large population. This was taken
as evidence of microbial growth in the mince. Large
populations without concomitant changes in carbohydrate or
lactate concentration (sample 3, Table 3.4) indicated gross
contamination of meat at the time of mincing.
The results obtained from a spoilage experiment with
minced lamb having the lowest initial counts are given in
Figures 3.1 and 3.2. Figure 3.1 outlines changes in the

1

When an electrode was used to determine the pH from

the surface to the depth of minced lamb, a gradient in the
pH value from the third day onwards was noted with all
samples stored aerobically. The pH values given in the text
shown in Tables are averages of a maximum surface value and
a minimum of the bottom of the sample units.
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composition of the microbial association during 5 days
storage at 4 °C (Experiment 1, Table 3.5). Brochothrix
thermosphacta was the numerically dominant organism at the
time that the mince was purchased. It maintained this
status until day 4 when pseudomonads achieved numerical
dominance (Fig. 3.1a and b). The counts (Fig. 3.1a) on MRS
increased progressively but there was always a difference
of about 1 log^o cycle between these counts and the TVC.
With Enterobacteriaceae (enumerated on VRBGA), the
difference was about 3 log^o cycles. Yeasts, which were
undetectable in the mince at the time of purchase, grew
more slowly and attained a climax population of ca. l.OxlO4
c.f.u./g. It is of interest to note that these organisms
were recovered from only

2

freshly purchased minced lamb

both having TVC of >1.Ox 106 c.f.u./g (Table 3.3).
If changes in the TVC are used as an indicator of
those in the size of the bacterial population in general,
then associations between microbial growth and physico
chemical changes are evident. With Fig. 3.2a, for example,
diminution of ERV, increase in titrimetric acidity and pH
value were prominent features during the period of rapid
bacterial growth. Likewise the period of most rapid Dglucose catabolism occurred during the period of the
exponential phase of growth when B. thermosphacta was
dominant (Figures 3.1 and 3.2b). After one day the
concentration of L-lactic acid showed a progressive decline
(Fig. 3.2c), this decline tracking that of D-glucose with a
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lag of about 1 day (Fig. 3.2d). The results for ammonia
(Fig. 3.2e) indicate a small increase in concentration up
until day 3 (in this period 23. thermosphacta was a
numerically important member of the association) and a
large increase thereafter when the pseudomonads were
attaining numerical dominance (Fig. 3.1). Malodorous
substances were also detected from that time onwards. When
changes in the D-glucose, L-lactate and ammonia
concentrations are compared (Fig. 3.2f), then it is evident
that the phases of most rapid changes in the concentration
of these are asynchronous. This suggests a sequential use
of substrates, a topic that was explored in detail in
Chapter 4. Concentrations (ca. 10-30 mg%) of glycogen were
stable during storage (Tables 3.6-3.8 ).
With storage of minced lamb at 20 °C (Tables 3.5 and
3.6) the final populations (day 2 of storage) were larger
than those achieved at 4 °C. The composition of the
microbial associations were similar in both cases. Off
odours were present on the second day. The influence of the
temperature on the size of climax population is considered
in the discussion.

2. Spoilage test with mince and onions
The results of this experiment are summarised in Tables 3.8
and 3.9. There was a marked difference in the size of the
total population between the test and control experiment
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from the third day onwards. It was evident that
carbohydrates added to the ecosystem with onions resulted
in an increase in its carrying capacity. Moreover, despite
the high climax populations malodorous substances were not
detected.

3. Frozen minced lamb
Frozen minced lamb was examined in a limited study to
establish whether or not changes occurring during storage
at 4 or 20 °C following thawing mimicked those described
above. The results are given in Tables 3.10 and 3.11. There
was one notable feature with this mince, the failure of
organisms to grow on any selective media seeded with a
dilution of mince stored for

1

or

2

days post thawing.

Thereafter all members of the association discussed
previously increased in numbers and the final populations
were dominated by pseudomonads, 23. thermosphacta and, on
this occasion, Enterobacteriaceae also. Evidently a period
of resuscitation was required by organisms in frozen lamb
before they recovered physiological fitness such that
growth was initiated on selective media. The trends in the
physico-chemical attributes (Tables 3.10-3.11) were similar
to those shown in Fig. 3.1 and 3.2 but differed in extent
(e.g. low glucose content) probably due to changes in meat
caused by long term (period unknown) storage at deep freeze
temperature.
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4. Modified atmosphere (MA) minced lamb
Minced lamb in high oxygen MA packs was purchased from
local supermarkets. When possible 12 sample units (packs,
ca. 500 g) were purchased, half were analyzed immediately
on arrival at the laboratory and the remaining

6

sample

units (stored at 4 °C) on the expiry date printed on the
label of the pack. The number of sample units per sample,
supermarket, and the dates of the surveys are shown in
Table 3.12. The microbiological and physico-chemical tests
applied to the samples are listed in Table 3.2. A summary
of the averages of the results are given in Table 3.13 and
3.14, the analysis of variance in Tables 3.15 and 3.16, and
principal component analysis in Table 3.17. The results
obtained with individual packs either immediately following
purchase or after storage are given in Tables 3.18-3.34.
In the first survey (S^), the level of "general"
contamination (TVC on Plate Count Agar) at the time of
purchase ranged from 4.6xl05 to 8.8xl06 c.f.u./g. There was
a significant first-order interaction (Table 3.16) in all
counts other than Enterobacteriaceae. It can be concluded
that modified atmosphere storage of minced lamb selected a
flora dominated by Gram-positive bacteria -cf. the Gramnegative one in butchers'mince stored in a normal
atmosphere (Table 3.1).
Brochothrix thermosphacta was numerically dominant in
chill-stored minced lamb from supermarkets B and D and

133

Gram-positive catalase-negative cocci in that from
supermarkets A and C (Table 3.13). The presence of the
latter on MRS was demonstrated by microscopical examination
and applying the catalase test to colonies. As will be seen
below, the presence of one or other of these organisms was
reflected in

some of the physico-chemical tests,

particularly the isomers of lactic acid.
The statistical analysis of physico-chemical changes
(Table 3.15 and 3.16) shows that a large number was
significant (P<0.001) in respect of comparison between
supermarkets, purchase and expiry day, and interaction
between these two. This ought to cause no surprise because
tests were selected because of their relevance to known or
suspected chemical changes due immediately or mediately to
microbial metabolism. One attribute is worthy of comment,
the occurrence of D-lactic acid in minced meat from
supermarkets A and C (Table 3.13). Meat from both sources
was contaminated with Gram-positive, catalase-negative
cocci. It has been assumed that these organisms produced
this particular isomer of lactic acid.
The results (Table 3.14) of the second survey (S2 )
endorsed, except in some cases, the above generalizations.
A striking difference was the absence of the "absolute"
dominance of B. thermosphacta -as in

(supermarkets B and

D), and the presence of the D-stereo-isomer of lactic acid
in all ecosystems. With supermarket A, when the day of
purchase was the same as that of the delivery day of the
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product from the depot, a marked diversity in the
population was observed. Indeed the counts on the different
selective media suggested that the ecosystem was in an
initial stage of development. In contrast, on the expiry
day, counts of the Gram-positive flora had reached the
•
carrying capacity
of the

ft
.
ecosystem (1 0 °
c.f.u./g), with
the

Gram-negative flora about 2-3 log1 0 cycles less. A contrary
situation was encountered with supermarket C. With this, on
the day of purchase the population was close to the climax
stage. In this case minimum differences between Grampositive and -negative flora as well as
of yeasts were observed.

ahigh viable count

In supermarket B the hierarchy of

the initial population was Gram-positive (106 -105 c.f.u./g)
with Gram-negative bacteria (104 c.f.u./g) standing at a
lower level of the ecosystem . An interesting observation
was the development of members of the aerobic Gram-negative
flora but the absence of fluorescent colonies in the
dilutions used for enumeration. With supermarket D, the
sample units varied markedly and divided into those with an
aerobic or a facultative anaerobic flora. As there was no
evidence of damage to the seal of the top film of the
container, it was assumed that malfunction of the machine
had resulted in an insufficient gas mixture. With the
former a significant production of D-gluconate was observed
due to oxidation of D-glucose by the large population of
Pseudomonas (Table 3.14). Another notable feature on this
occasion was the presence of large numbers of yeasts at the
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outset. In supermarket E the "synthesis” of the microbial
association had a notable characteristic. Carnobacterium
piscicola (isolates from MRS identified with-Table 3.42)
was the predominant species on both sampling days. Indeed
the usual co-dominance with 23. thermospacta in the
ecosystems was absent and the latter was at a level
approaching that of the Gram-negative flora. The high
incidence of the carnobacteria was associated with a high
content of D-glucose and a marked drop in pH. As will be
seen C. piscicola was unable to catabolise D-glucose-6phosphate, a substrate with a minimum concentration
compared with the other supermarkets (Table 3.14). These
results may indicate that supermarket E imposes standards
on their suppliers such that post mortem changes in the
meat is amended. There was another notable feature with
this supermarket also. The vast majority (50-70%) of the
colonies on CFC medium was fluorescent on the first
sampling day, their numbers remained high and such
organisms were present (20-40%) at the climax stage.
The results of the counts obtained from MRS medium
needs comment. The "selectivity" of the medium was
ineffective and when B. thermosphacta was codominant in the
population, counts obtained from this artificial ecosystem
corresponded to the Gram-positive flora in general. Another
observation with MRS was the growth of yeasts in numbers
equal to those obtained in the selective medium used for
enumeration of these micro-organisms.
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In toto, the ecosystems on the expiry day,
independently of their synthesis and the storage period,
harboured populations of similar magnitude. This provides
very strong evidence in support of the concept of the
carrying capacity of an ecosystem, an observation that will
be discussed elsewhere. The appearance of the commodity was
also unacceptable in most sample units on the expiry day.
The problems of discolouration and the shrinkage of the
pack were noted throughout the surveys. Discolouration was
correlated with sample units having a low pH value (<5.7).
Essential features of the results obtained from both
surveys are also depicted in the histograms in Fig. 3.3 and
3.4. By presenting the different taxa of the association as
percentages of the TVC on PCA, a representative overview of
the ecosystems is obtained. It is evident that in all cases
one taxon dominated the population. Despite its
shortcomings, it was always demonstrable when MRS counts
were high cf. the other selective media when a decrease in
the pH value obtained. When sample units developed an
aerobic association (Fig. 3.4), a gradient in pH similar to
that discussed above (samples from butchers') was observed
with the highest value at the surface. This was a catholic
feature characterising an aerobic association in meat
systems.
D-glucose was catabolised in samples from all
supermarkets such that it was effectively exhausted at the
climax stage (Tables 3.13 and 3.14). The other important
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feature was the marked production of acetic and D-lactic
acids. With the latter, the highest concentration (ca. 200
mg%) in an ecosystem correlated with the highest percentage
of Leuconostoc mesenteroides subsp. mesenteroides -isolates
from MRS identified (Table 3.42) (S2 / Supermarket D). On
the other hand the L-stereo-isomer declined in most cases
during the development of the microbial association. The
latter trend was evident also in model systems (Chapter 4).
Visual clustering of the sample units is shown in
Figures 3.5 and 3.6. The sample units are plotted in a
Cartesian coordinate system according to the scores
obtained from principal component analysis (Table 3.17).
The latter analysis was carried out on the correlation
matrix of the 16 microbiological and physico-chemical
variables, attempting at the identification of new
meaningful underlying variables and reduction of the
dimensionality of the problem (Chatfield and Collins 1980).
The first two components accounted for 60.2 per cent of the
variability (Table 3.17). Component 1 gave large positive
loadings for all viable counts -the highest being for total
viable count, D-lactic acid, acetic acid and ammonia, and a
negative one for D-glucose. In trying to attach a
meaningful label, this component could represent
variability due to growth and catabolism of the main
substrate (D-glucose) and the production of the main endproducts of bacterial metabolism (D-lactic acid, acetic
acid, and ammonia). Component 2 gave large positive
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loadings for pH, titrimetric acidity, L-lactic acid and
negative ones for extract release volume and D-lactic acid
(Table 3.17). It appears that a possible interpretation for
this component could be physico-chemical changes alone. In
Fig.3.5 and 3.6 an interesting clustering of the sample
units constituting the subsamples examined on the purchase
and on the expiry day is depicted. Units with a developed
association (e.g. Fig. 3.5;

D 2 ) and no essential changes

in the physico-chemical properties (e.g. pH) did not give a
clear vertical transposition corresponding to the expiry
day cluster on the Cartesian plane. Sample units (e.g. Fig.
3.6; A 4 ) with high variability to the remainder of the
subsample appear as ’’outliers" of the pertinent cluster.
Thus, subsamples with a high heterogeneity gave these
"outliers" in the analysis. With the supermarket (in both
surveys), where the ecosystem was at an initial stage of
development, the clusters are near to the abscissa (Fig.
3.5, Aj_; Fig. 3.6, A 3 ). In the other cases, those with a
selected population are in the middle (Fig. 3.5,

and D 2 ;

Fig. 3.6, C 3 ) and finally, ecosystems with a climax
populations (e.g. Fig. 3.5, C2 ; Fig. 3.6, A 4 ) they occurred
at the upper limit of the Cartesian system. It is evident
that component 1, accounting for ca. 50% of the variability
(Table 3.17) reflects the major catabolic activities and
processes accompanying the development of a meat ecosystem.
It seems that clustering of samples on the top of the
Cartesian system corresponds to mature ecosystems with an
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established steady state in which the available energy is
used for maintenance of a population. The lateral
dispersion on the top might account for particular
idiosyncratic features of the ecosystem. These will be
discussed later.

B. Identification

1. Identification and succession of Pseudomonas spp.
In the course of the studies with minced lamb both from the
butchers' shops and the supermarkets, there was evidence of
a succession among the three Pseudomonas spp. associated
with meat, fragi, fluorescens and lundensis. Identification
of pseudomonads from both sources was undertaken. The
identification scheme is shown in Table 3.35. The results
are presented in Table 3.36. In the former case, 120
isolates from CFC were obtained by random selection of 10
colonies throughout the study period. These were identified
with P. fragi, P. fluorescens and P. lundensis (6 5 .6 , 27.5%
and 6.7% of the isolates respectively). With MA minced
lamb, 186 isolates were characterised. In this case,
isolates were randomly selected throughout the survey
period. The majority (47.3%) were identified with P. fragi.
Pseudomonas fluorescens accounted for 38.2% and P.
lundensis 14.5% of the isolates. These proportions of the
three species were common to mince meat from supermarkets
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B, C and D. With supermarket A, however, P. fragi was a
minor member of the pseudomonad portion of the association.
With this supermarket, P. lundensis and P. fluorescens
occurred in roughly equal proportions. Examination of CFC
plates under UV light showed that P. fluorescens was
isolated from MA mince on the day of purchase but in lower
numbers on the expiry day.
The most dramatic evidence of a succession of
Pseudomonas spp. was obtained on two occasions. In both
cases minced lamb was prepared from boned-out shoulder of
lamb by a local butcher. The preparation of the mince was
done early on the morning of the day of purchase. It is
evident from Fig. 3.7a, which exemplified the results
obtained with both samples, that P. fluorescens (identified
following characterisation of

10

isolates taken on each

sampling day) was the dominant species on the day of
purchase but it was outgrown by P. fragi during spoilage.
These results were in agreement with observations of
colonies on CFC medium illuminated with UV light (Figure
3.7b). In this case, however, low numbers of fluorescent
colonies were noted throughout the storage period (cf. Fig.
3.7a). It needs to be stressed that the succession noted
above was associated with mince having low initial counts
(TVC < l.OxlO6 c.f.u./g).
These observations led to studies of (i) the
occurrence of the Pseudomonas spp. in meat factories, and
(ii) meat juice inoculated with strains of the three
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species or with P. fragi in association with P. fluorescens
(Chapter 4).

2. The occurrence of pseudomonads in meat preparation areas
As was noted above Pseudomonas fluorescens tended to be
more common in freshly prepared mince than it was in stored
samples. This raised the question: is the growth of this
organism favoured in meat processing plants such that it is
transferred from working surfaces and equipment to meat in
numbers larger than those of either P. fragi or P.
lundensis? To answer this question, surveys of the
occurrence of these three species were done in three meat
processing plants. One was a "boning" plant -the heads of
cattle and pigs and other joints had the bones removed. The
resulting meat was sold to factories making a variety of
meat products such as steak and kidney pies. Another small
factory, which took some of its raw material from this
boning plant, manufactured a variety of pies containing
beef or chicken. The third (large) factory bought in meat
joints and used the meat for sausages, steak and kidney
pies, pork pies etc.
The survey had two aspects: (a) the characterization
of pseudomonads isolated from a variety of locations, and
(b) an assessment of the relative incidence of fluorescent
and non-fluorescent pseudomonads in these locations.
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A total of 241 isolates were identified with P. fragi
(59.8%), P. fluorescens (35.7%) or P. lundensis (4.5)%
(Table 3.36).
The relative incidence of fluorescent/non-fluorescent
pseudomonads in these factories is shown in Table 3.37.
Fluorescent pseudomonads were dominant (>50% of isolates)
in 32.6% of the samples. They were present, but not as the
dominant organisms (<50%), in 47.8% and absent in 19.6% of
the samples. Of the sites sampled, the boning tables,
mixing equipment, conveyor belts, trays and bins -all of
which would be expected to make contact with meat -were the
ones most commonly contaminated with fluorescent
ps’eiidomoriads’.
When the incidence of fluorescent pseudomonads was
considered alongside notes taken at the time of sampling in
the factories, it was suspected that the occurrence of
large numbers of fluorescent pseudomonads may have been
associated with equipment covered with a film of or
harbouring puddles of water. The possible role of such
films or puddles in favouring the dominance of fluorescent
pseudomonads was tested as follows. Large plastic meat
trays were taken from the production area of the small
factory included in the survey. These were brought to the
laboratory at the University, large fragments of meat
removed and then placed in an inclined position on a
laboratory bench. A large sheet of sterile filter paper was
laid on the bottom of the tray, and sterile water poured in
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the end resting on the bench top. The top of the tray was
covered with a plastic bag. A total of six trays were
included in this study. At frequent intervals over 5 or 7
days, samples of water or macerated filter paper were
diluted and plated on CFC. After incubation, the colonies
were enumerated in the normal manner and then the number of
fluorescent colonies enumerated under UV light. In the
first trial, 9 out of 9 samples of free water and

6

out of

9 samples of filter paper had moderate (10-50%) or high
(>50%) proportions of fluorescent pseudomonads (Fig. 3.8).
In the second trial, the ratios were 6:12 and 1:12
respectively (Fig. 3.8). These results suggest that the
growth of fluorescent pseudomonads on meat processing
equipment is favoured by the presence of free water. This
may account for the occasional high incidence of
fluorescent pseudomonads on meat.

3. Lactic acid bacteria
The observation of a high correlation of D-lactic with the
Gram-positive, catalase-negative cocci (Survey 1) led to
the second survey with the objective of verifying and
elucidating this observation. The identification schemes
and the results are summarised in Tables 3.38-3.41 and 3.42
respectively. It is evident (Table 3.42) that leuconostocs
were associated with the production of the D-stereo-isomer
of lactate in the lamb ecosystems (Table 3.14). Thus the
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mince samples (supermarket D, Table 3.14) having the
largest concentration of D-lactate had leuconostocs as 80%
of the lactic acid bacteria isolated. Another observation
was the dominance of a particular species in the climax
associations of mince from different supermarkets. As shown
in Table 3.42, Lactococcus raffinolactis and Leuconostoc
mesenteroides subsp. mesenteroides constituted 35.0 and
26.7% of the isolates in Supermarket A; in Supermarket B,
43.3% and 18.3% were identified with Lactococcus
raffinolactis and L. mesenteroides subsp. mesenteroides
respectively, and in Supermarkets C, D and E Carnobacterium
divergens, L. mesenteroides subsp. mesenteroides and
Carnobacterium piscicola constituted 60.0', 76.7 and' 73.3%
of the isolates respectively. The dominance of these
species in the food ecosystems and possible interactions
with other members of an association were investigated
subsequently in a model system (Chapter 4).

III. Discussion

A. General
The survey of minced lamb ecosystems from traditional
(aerobic storage) and modern outlets (modified atmosphere
storage) consolidates the hypothesis and the principles of
the development of a meat ecosystem discussed in the
Literature Review. In addition a general agreement with
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studies pertinent to meat packaging systems was noted
(Table 1.6, Literature Review). Namely, the results (Tables
3.13 and 3.14, and Fig. 3.3 and 3.4) prove the synergistic
selectivity of an atmosphere enriched with CO2 along with a
partial "anoxia" and low temperatures. The dominant Grampositive flora were in most cases lactic acid bacteria
associated with the presence of D-lactic acid in some
instances, a phenomenal production of acetic acid, and on a
few occasions B. thermosphacta with the absence of D-lactic
acid.
Another observation was the role of carbohydrates and
lactic acid as major sources of energy in the ecosystem.
These’einergy and carbon sources were catabolised during the
"exponential" or "post-exponential" growth of the
population. With aerobic ecosystems (traditional outlets)
the metabolic versatility of the strict aerobic flora viz.
Pseudomonas fragi caused a dramatic increase in pH of the
ecosystem due to catabolism of creatine and creatinine and
production of ammonia (Chapter 4). The mineralisation of
organic substrates of the ecosystem may probably encompass
also possible end-products of a facultatively anaerobic
flora. These aspects were studied in model systems in
another phase of the study. It was a general feature that
these metabolic activities took place when a climax
(mature) population obtained. As will be seen in the
following Chapter, the corresponding changes due to mature
facultatively anaerobic flora under conditions in which the

146

aerobic flora was suppressed, resulted in the oxidation of
end-products, namely L- and D-lactate and the accumulation
of acetic acid.

B. The development of the aerobic flora in minced lamb
during storage test at chill and room temperature

1. A qualitative evaluation
Judging from the results, the microbiological quality of
minced lamb from the average butchers shop was
unsatisfactory. Both microbial and physico-chemical
parameters indicated an advanced level of decomposition.
Moreover, on one occasion the sample obtained was
effectively suffering from incipient spoilage (see Table
3.3). pH values were above 5.9 in all cases, corresponding
to a concentration of L-lactic acid of 0.5 g%. In the case
with a pH value

6

.6 , the L-lactic acid content was 0.3 g%.

This indicates the important relationship which exists
between the lactic acid content of a meat ecosystem and its
pH value (Bendall 1979, Hamm 1977). It was also observed
that the D-glucose content of butchers' mince was lower
than that of the minced lamb packaged in a high- 0 2 modified
atmosphere. This may well reflect the imposition of strict
quality assurance programme by supermarkets.

2. Microbial association
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Brochothrix thermosphacta or Pseudomonas spp. were the
dominant organisms of the initial microbial association.
Detailed reasons that favour the high incidence of B .
thermosphacta in lamb ecosystems will be discussed later.
Plainly, it seems that among the ecological determinants,
pH value may well have a key role. However, a succession of
this bacterium by Pseudomonas fragi was observed at the
third day of the aerobic spoilage trials at chill
temperature. Gill and Newton (1977) concluded that when B.
thermosphacta is a major component of the aerobic spoilage
flora this could only be due to an initial heavy
contamination with this organism. Even so, the pseudomonads
would st'il'1 ’eventually predominate in' the aerobic spoilage
association of a meat ecosystem. The authors proposed that
the succession was due to the higher rate of growth of
pseudomonads. The results of this study, however, offer
another explanation. Namely, this succession coincides with
an obvious exhaustion of a particular substrate -D-glucose
-occurring between the third and the end of the fourth day
of storage in most cases (Tables 3.5-3.8 ). This substrate
seems to be a key determinant of the changes that occurred
initially. Pseudomonas can catabolise D- and L-lactic acids
and, in particular, other nitrogenous substrates
aerobically. This seems to be an important determinant for
the subsequent dominance of these micro-organisms (see also
Chapter 4).
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The succession of the microbial flora is observed,
moreover, among micro-organisms of the same genus. It is
important to note that this succession corresponds to that
,

,

,

,

•— . sannps m ,

,

which can be seen in different dilutions of^a Petri dish.
The absence of fluorescent colonies in a statistically
significant dilution, however, indicates that the dominant
species is at least one log^Q higher than the absent
species.
The survey in meat preparation areas and the
experiment with trays used in meat production revealed two
facts. The association of fluorescent pseudomonads with
aquatic environments and the erratic distribution of such
organisms in the environment. Van Niel (1955) noted that
aquatic environments contribute to the natural selection of
these micro-organisms. As noted in the results, the erratic
distribution of fluorescent pseudomonads was also observed
in the survey of mince from supermarkets.
As noted in the results the performance of MRS was
unsatisfactory. As expected for aerobic meat ecosystems,
the erroneously high counts obtained with MRS medium did
not correspond to the actual number of lactic acid
bacteria. The selectivity of the medium is based entirely
on its pH value. As the reconstituted commercial dehydrated
medium was used without adjusting its pH value (6.2 ± 0.2)
and the Petri dishes were incubated aerobically, it was
found that B. thermosphacta was able to grow. These
shortcomings of the enumerative media were discussed and
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criticized in detail by Baird and Patterson (1980) and
Sharpe (1980). Mossel (1991) stressed repeatedly the need
for a qualitative control of bacteriological media. He
cited that extrinsic or intrinsic influences may i) reduce
the resistance of organisms of interest to the selective
compounds, or ii) increase the resistance of some
background organisms.

3. Physico-chemical analysis
As mentioned above, the key physico-chemical attributes pH, and D-glucose content -gave useful information about
the ecosystem in terms of its microbiological status.
During the storage period the catabolism of the available
substrates and the production of ammonia occurred. As noted
elsewhere, the catabolism of

L-lactic acid and the

subsequent production of ammonia resulted in a

shift of pH

value of the ecosystem to the neutral-alkaline region. It
is essential to emphasise the gradient of pH which was
found in aerobic meat ecosystems, a situation which did not
obtain in those in modified atmospheres (except for S2 ,
supermarket D, Fig. 3.4). As microbial growth is enhanced
on the surface of the ecosystem, the changes are more
pronounced than those in theinterior. This gradient
associated also with that of

is

D-glucose, namely the gradual

diminution of the substrate from the surface to the
interior (Gill 1976). This results in a heterogeneity in
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this particular food ecosystem, with different strata
manifesting different attributes.
Soluble proteins and total amino acids (ninhydrin
positive materials)

(Tables 3.5-3.8 ) increased at an

advanced stage of decomposition. Ammonia could be used as
an index of the microbial growth as a steady increase
during storage was observed. In this situation ERV (Tables
3.5-3.8 ) was a function of proteolysis and it decreased
dramatically to a zero point in an advanced stage of
decomposition (Jay 1964).
As judged from the available evidence, glycogen
concentration remained stable during the spoilage test of
the' ecosystem'. Gill arid’Newton’ (1977)’ suggested that the
micro-organisms of an association of a meat ecosystem do
not use this substrate. Teleogically, this substrate might
be used in an advanced stage of decomposition when meat is
organoleptically unacceptable.

C. The minced lamb-onion experiment
The main purpose of the experiment with onions was to test
the effect of plant material on the development of the
microbial association of a newly created ecosystem. As
noted in the results, an analogous pattern of microbial and
physico-chemical changes to those noted with minced lamb
alone was observed in this amended ecosystem. The basic
difference between this ecosystem and the control was the
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higher concentration of the available substrates,
particularly carbohydrates for microbial growth (Tables 3.8
and 3.9). In the former the concentration of nutrients and
physico-chemical parameters were the product of mass
balancing between onions and meat. The high nutrient
content, especially in total carbohydrates and D-glucose,
could account for the higher population of the ecosystem
vis a vis that of the control.
Malodorous substances were not detectable when onions
were present, an observation which endorses the critical
role of the easily assimilable substances to the
decomposition process of the ecosystem (Gill 1986). Thus,
the’ecosystem c’ari become loaded with a high microbial
population without concomitant changes in its organoleptic
attributes. The contribution of onions per se to masking
early signs of decomposition is another characteristic of
this ecosystem. This feature allows acceptability of a
product by the consumer which in other cases would be
denied.

D. The analysis of frozen minced lamb
As in the main survey, frozen minced lamb ecosystems were
examined by the storage test procedure as used with
material from butchers or supermarkets. The key conclusion
of this part of the survey was the harmful effects of the
selective media on the freeze-injured microbial flora of
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this ecosystem (Mossel and van Netten 1984), i.e. "zero”
counts where obtained initially when attempting to
enumerate the flora of the ecosystem without prior
resuscitation.
It is widely recognised that micro-organisms are
injured by exposure to reduced temperatures (Busta 1978,
Beuchat 1978, Hurst 1977) leading to sublethal damage in
microbial populations. The effects of sublethal damage in
microbial populations include (i) increased lag times, and
(ii) inability to develop quantitatively on selective media
that do not exert any inhibitory effect on undamaged
populations of the same taxon (Mossel 1991, Mossel and van
Netten’1’
99'lJ .' Both’features were evident’in the’result’
s of
this study. Thus, the need for a resuscitation procedure is
obviously applicable to this ecosystem in order to avoid
fallacious, misleading and falsely low colony counts.
This phenomenon, and especially the prolonged lag
phase, was less noticeable when the ecosystem was refrozen
and again analysed after a short period of storage.
Pseudomonads and yeasts seem to have been rendered more
incapable of growth on the selective media (Tables 3.10 and
3.11). It should be stressed that the flora was incapable
of growth not only on the selective media but also on the
less selective one (PCA) also.
The manifestation of this phenomenon depends on both
the species of micro-organism and the selective medium
used. Thus, the observed differences among the different
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groups of the microbial flora can be explained by either
the differential sensitivity of a particular group to a
reduced temperature given that the rest of the ecological
determinants have equal influence or the differential
harmful effects of the selective media to their target
groups under the assumption that resuscitation of the flora
is negligible in its natural ecosystem.
Studies on the effect of different environmental
stresses on the enumeration and the recovery of micro
organisms is centred, however, on pathogenic micro
organisms. In this case the important feature is to
ascertain the presence or absence of the pathogenic
bacterium.' The importance of the results obtained obviously
have a cardinal role in the evaluation of microbiological
hazards (Ray 1986).
It is important to note that, except for the
resuscitation of micro-organisms using artificial
laboratory ecosystems prior to the enumeration in the final
ecosystem, resuscitation of the injured flora may take
place in the natural ecosystem. This occurs after the
removal of the determinant which imposed the damage to the
microbial population. It is evident from the above that the
population of a food ecosystem and, in particular, its
enumeration is a matter of creating appropriate laboratory
ecosystems in which the selected determinants applied will
contribute to the recovery of the natural one present
therein. The above feature was suggested by the observation

154

that when the ecosystem was exposed to conditions for
microbial growth, after a long lag phase (2-3 d) during
which resuscitation took place, the pattern of its
subsequent decomposition was analogous to that of
ecosystems with an uninjured flora (Tables 3.10 and 3.11).
Studies of microbial growth at sub-freezing
temperatures clearly indicate that microbial growth does
not occur in meat ecosystems with a temperature of

<-8

°C.

Thus, the main determinant for the storage period of a
properly frozen meat ecosystem is the physical, chemical or
biochemical changes which are unrelated to microbiological
proliferation. Therefore, frozen storage life is limited by
changes in other'quality properties such as appearance or
taste which are unrelated to microbiological activity
(Winger 1984).
As the main objective of this study was the survey of
different minced lamb ecosystems, further investigations,
concerning the effect of cold on the populations and their
recovery during thawing were not done. This topic was
reviewed in the context of meat microbiology by Rosset
(1982) . It seems to be worthy of further study in lamb
ecosystems.
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E. Mince lamb packed under Modified Atmospheres

1. A general interpretation -appearance of samples
It is evident that two states of affairs were present in
theseparticular meat ecosystems. Namely, the development of
the microbial association followed two different courses.
On one hand lactic acid bacteria became dominant and Dlactate was produced and a fall of the pH value occurred.
In the second situation (Table 3.13, supermarkets B and D),
Brochothrix thermosphacta was dominant on the expiry date
and, in contrast with the first situation, D-lactate was
absent.
Although both B . thermosphacta and lactic acid
bacteria are members of a microbial association developing
under anaerobic conditions (Newton and Gill 1978, Nychas
and Arkoudelos 1990), there is no reason to over-simplify
these observed states. The reason being that when lactic
acid bacteria are the dominant group in a food ecosystem,
the shelf life is extended (Egan et al. 1980) as the
changes these bacteria cause are less extreme compared to
those of the other groups. Subsequently, spoilage -a term
demonstrating changes in magnitude such that the meat
ecosystem is organoleptically unacceptable, is delayed.
Another interesting point was the interaction between the
lactic acid bacteria and the other members of the microbial
association. This interaction is probably due to the

156

amendment of the pH value of the ecosystem and, more
importantly, the production°^antimicrobial substances. In
the latter situation the possible production of
bacteriocins is a key feature in meat microbial ecology
(Lewus et al. 1991, Stiles and Hastings 1991, Schillinger
and Holzapfel 1990).
A second point worthy of note is the enumeration of
the micro-organisms present in the food ecosystems. The
total viable counts ranged from 1 0 5 on the day of purchase
o
,
.
.
.
to 10 c.f.u./g on the expiry date. The latter is the limit
from which spoilage of the meat ecosystem commences to be
evident (Gill and Mollin 1991). The time intervals between
the two sampling days of the survey were different (Table
3.12). This suggests restriction of the population was due a
limited amount of energy, namely, carbohydrates. This
reflects the concept about the carrying capacity of an
ecosystem (Odum 1993).
The appearance of the samples on the expiry day was
also unacceptable, the red ("bloom") colour had regressed
giving way to the brown of metmyoglobin (Seideman et al.
1984) . Apart from the spontaneous autoxidation of myoglobin
(Brown and Mebine 1969, Giddings 1977), the dynamic feature
of the meat ecosystem is another important characteristic
leading to the above change. The indigenous enzymatic
systems of the ecosystem and the metabolism of the biotic
determinants resulted in a reduction in the partial
pressure of oxygen (PO2 ) to a level that

oxidises myoglobin
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to metmyoglobin at an accelerating rate in these insulated
ecosystems (Fig. 1.6) (Ledward 1970). The effect of the pH
on the discolouration of the product has been also noted.
Pan and Solberg (1972) demonstrated the effect of pH on the
structure and stability of oxymyoglobin. At lower pH values
the autoxidation of the substrate was pronounced. Bala et
al. (1978) found also that glucose oxidase from P. fragi
had a significant effect on colour. As was noted in the
Literature Review (pp. 29 ), the colour of the meat
ecosystem is the determinant on which the consumer bases a
decision about quality (Renerre 1990). These factors viz.
decrease of pH by development of a Gram-positive flora,
consumption 'of oxygen,' evolution of carbon dioxide' (Erifors
and Molin 1984), and its solubility in meat (Gill 1988) are
considered by the market. Thus, in Supermarkets with
different display and expiry dates, the first relates to an
acceptable colour. As noted by Brody (1993) the market
allows a six-day interval between packaging and
distribution-sale day. Another feature was noted also, the
so called problem of package shrinkage (Anon 1993). In most
packs, particularly with S2 , the upper sealing film was
drawn down onto the mince due to the solubility of carbon
dioxide in the product. Gill and Penney (1988) stated that
to obtain a satisfactory result the amount of the gas must
be in excess of that needed to saturate the product and to
maintain a sufficient concentration of carbon dioxide in
the headspace. It is clear, therefore, that problems of
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discolouration and shrinkage are often encounted with this
commodity.

2. The microbial association, members and changes
Total viable counts ranged from 105 to 108 c.f.u./g. To the
knowledge of the author, reference values or ranges for
minced lamb stored under a modified atmosphere do not
exist

in the literature. In this study the level of

contamination on the expiry day, however, was unacceptable,
as was the case for beef cuts packed m•

•
gas mixtures

bactena/g were judged "acceptable" and >

10

7

"

-<10

7

unacceptable

(Taylor 1985).
In samples from sources B, and D (S^, Table 3.13)
enumeration of B. thermosphacta was in agreement with the
counts on PCA. This finding is in agreement with the
results of Newton et al. (1977) namely that at the end of
storage life B. thermosphacta was present as a major
constituent of the bacterial flora of lamb chops stored in
various atmospheres at -1°C. In oxygen and carbon dioxide
(gas ratio = 80:20 v/v), it was the dominant organism also.
In lamb ecosystems the high incidence of this bacterium has
been reported repeatedly in many other studies (e.g. Prieto
et a l . 1993, Shaw et al. 1980, Barlow and Kitchell 1966).
The relatively high pH of this ecosystem (pH 6.0) is among
the probable reasons for the proliferation of this micro
organism vis a vis beef ecosystems in which a normal pH
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value is ca. 5.5. Another contributing factor is the
facultatively anaerobic metabolism of this bacterium
(Sneath and Jones 197 6 ). The presence of carbon dioxide in
an ecosystem selects this bacterium and, if other
ecological determinants allow, it becomes the climax
microorganism. Moreover, Gardner and Carson (1967) showed
that a low level of carbon dioxide (ca, 3%) had a
stimulatory effect on the growth of B. thermosphacta and
lactobacilli. Campbell et a l . (1979) demonstrated also that
the growth of B. thermosphacta was determined by two
factors: the availability of oxygen and pH.
In other situations, counts on MRS medium were'of the
samfe order as'the total 'viable' counts' (PCA) both on the '
purchase and expiry days. Even though in Supermarket C
(Table 3.13), B. thermosphacta was also at the same numbers
as lactic acid bacteria (LAB) on the purchase day,
eventually the latter were the predominant organisms. This
inhibition of B. thermosphacta by lactic acid bacteria may
be the result of the production by the latter of L- and Dlactate (Grau 1980) and perhaps other antimicrobial
substances (Newton and Gill 1978, Stiles 1991).
Pseudomonads were suppressed by the modified
atmosphere and they relinquished their normal position of
dominance such that their counts on CFC were 1-3 l o g ^
cycles below those of TVC as determined with PCA (Gill and
Tan 1980, Silliker 1981, Nychas and Arkoudelos 1990). As
shown in Table 3.36, the species associated with minced
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lamb were Pseudomonas fragi, P. lundensis and P.
fluorescens. This triumvirate is of particular importance
in meat microbial ecology. As was noted previously and as
will be discussed later in the context of other studies on
the physiological features of these bacteria, there is a
succession in the meat ecosystems. The niche of Pseudomonas
fragi is defined better after the exhaustion of the main
carbon and energy sources, D-glucose and L-lactic acid, and
under aerobic conditions, is the climax species of a fresh
red meat ecosystem.
Psychrotrophic Enterobactenaceae ranged from 10
105

to

c.f.u./g and were one or more log^Q cycles below the

corresponding pse'udomo'nad'counts. It is' probable that
either a low level of initial contamination or inhibition
by the other members of the association contributed to a
low population of Enterobacteriaceae.
Yeasts were not present in countable numbers on the
purchase day and reached

103

to

104

on the expiry date

thereby constituting a minor component of the microbial
association throughout the storage period. This observation
is in agreement with the findings of Dillon, Davenport and
Board (1991) and Dillon and Board (1989). The latter
observed that yeasts were of minor importance throughout
the storage of preservative-free minced lamb and lamb
products. The yeasts associated with lamb and lamb products
have been assigned to the genera Candida, Cryptococcus and
Rhodotorula (Dillon, Davenport and Board 1991). Nychas
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(1984) found also that carbon dioxide had an inhibitory
effect on yeasts in microbial associations of minced beef.
This study confirms the minor role of yeasts in
associations of minced lamb and, in particular, their
inhibition by carbon dioxide.

3. Physico-chemical analysis
The pH value was effectively stable but when it did decline
its fall was due entirely to the production of D-lactic and
acetic acids. The concentration of L-lactic acid in
contrast decreased slightly during storage. The marked
production of the D-lactic acid stereo-isomer reflected the
dominance of the lactic acid bacteria, especially
leuconostocs. This finding confirms previous studies by De
Pablo et al. (1989) and Ordonez et al. (1991), and Borch
and Agerhem (1992) with other meat ecosystems (see
Literature Review, physico-chemical changes). Thus, the de
novo production of D-lactic acid from the available
fermentative substances, mainly D-glucose, occurs in the
lamb ecosystems also. The slight decrease in the
concentration of the L-lactic acid was most likely due to
the catabolism of this substrate by pseudomonads. This
became evident in subsequent studies undertaken in order to
investigate the basis of the phenotypic characteristics of
pseudomonads associated with lamb and with meat ecosystems
in general (Chapter 4). As will be discussed subsequently,
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the catabolism of both stereo-isomers takes place
simultaneously when pseudomonads grow in a medium
containing these in iso-molecular ratio. This suggests that
conversion of one isomer to the other prior to catabolism
is not the case. An alternative explanation might be the
oxidation of D- and/or L-lactate to acetate by the Grampositive flora. This was also investigated in the Chapter
4.
Titrimetric acidity (TA) and extract release volume
(ERV) are other parameters that need discussion. These have
been proposed (Jay 1964, Shelef and Jay 1970, Ingram and
Dainty 1971) as indicators of the microbiological quality
of meat (ecosystems’ (see also Literature Review, pp. 23). In
the ecosystems surveyed, TA did not change appreciably and
ERV was a function of the pH values. When there was a fall
in the pH value, the ERV increased as a result of the pH
effect on the isoelectric point of meat proteins and
consequently on the water-holding capacity of the ecosystem
(Wismer-Pedersen 1987). As the parameters determined in
this survey monitored changes up to the incipient stage of
spoilage, the other major factor which affects the ERV,
proteolysis, was probably unimportant.
The concentration of the total carbohydrates (TC) excluding glycogen- decreased markedly during storage. This
confirm previous investigations (Gill 1986, Nychas 1984),
namely, that these substances are preferentially used by
micro-organisms as carbon and energy sources. D-glucose has
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a dominant role as a carbon and energy source as has been
shown in the review by Nychas, Dillon and Board (1988). As
noted in the Results (Tables 3.13 and 3.14), the D-glucose
in the ecosystem content decreased to low levels by the end
be
of the shelf life. At that time, as can deduced from
subsequent studies (Chapter 4), L- and D-lactic acid
catabolism succeeded that of D-glucose as the primary
energy source. It is still a matter of debate as to the
order in which pseudomonads catabolise the available
substrates in a ecosystem (Gill 1976, Molin 1985, Nychas et
a l . 1988). This aspect is discussed further on pp. 22 7 .
Glucose-6 -phosphate (G-6 -P) is another metabolite
which is' present ’in meat ecosystems. This substrate is hot
catabolised by all the members of the microbial association
(Gill and Newton 1978, this study Chapter 4). As will be
discussed later (Chapter 4) it constitutes a selective
determinant in the development of the population. In other
words, species able to use this substrate attain higher
numbers in climax populations than those that1*not do so.
This was exemplified with supermarket E (Survey 2, Table
3.14 and 3.42). Carnobacterium piscicola -a species unable
to catabolise this substrate, was dominant due to the high
content of D-glucose and a minimum one of of

6

-G-P.

D-gluconate is a metabolite formed by oxidation of
glucose and the available evidence allows certain
conclusions to be drawn as this substrate is associated
with the idiosyncratic metabolism of glucose by
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pseudomonads via the Entner-Doudoroff pathway (see also
Literature Review, pp. 19). Indeed on the occasions when
this genus composed an appreciable amount of the total
population (Table 3.14, supermarket D aerobic packs), a
decrease in D-glucose was reflected in an increase of this
substrate. This oxidation has been put forward as an
ecological determinant that favours the growth of
Pseudomonas (Farber and Idziak 1982, Nychas et al. 1988).
Acetic acid is an end product of metabolism of many
bacteria e.g. Brochothrix thermosphacta and lactic acid
bacteria (Gill 1986). Attempts have been made to correlate
the concentration of this metabolite with the
microbiological' status of' the meat ecosystem (e.g. Kakoiiri
and Nychas 1994). The findings of this study confirm that
acetic acid is a possible indicator of microbial growth. It
was observed that a clear, increasing trend in the
concentration of acetic acid occurred during storage (Table
3.14) .
Ammonia is an end product of microbial growth which
merits discussion. As expected from the findings of others
(e.g. Gill and Newton 1978) , when the bacterial population
of the ecosystem was less than 10

ft

•

•

c.f.u./g, no significant

change in ammonia concentration was observed. The same was
true for the concentration of total amino acids (ninhydrin
positive materials) and soluble proteins in ERV. It is
explained yet again by the fact that the ecosystems
surveyed were in an early stage of decomposition.
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Nevertheless, the concentration of ammonia increased during
storage whereas the concentration of ninhydrin reactive
materials as well as soluble proteins did not show a clear
upward trend (Table 3.13). The latter is due partly to the
methods used for their determination -the ninhydrin method
measures, bulk amino acid content and not that of
individual ones, and also to the turnover of these
substances during microbial growth. At an advanced stage of
decomposition, it is to be expected that more drastic
changes in their concentrations in the ecosystem will
overcome any compensation due to metabolic turnover.
It is again important to reiterate that, as with the
determination'of total carbohydrates,' ninhydrin'positive
materials cannot be used for definitive interpretations.
The utilisation of these parameters serves simply to
integrate the physico-chemical properties of the ecosystems
under examination.

4. Criticism on and summing up of the physico-chemical
analysis
Among the physico-chemical parameters tested, the results
of the survey suggest that determination of pH value, Dglucose, lactic acid stereo-isomers, acetic acid and
ammonia are essentials in assessing meat quality. The above
parameters of the ecosystem indicate both the stage of its
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decomposition as well as the nature of the dominant
populations.
Extract release volume (ERV) and titrimetric acidity
(TA), although contributing to the integration of the
physico-chemical attributes of the ecosystem, are in
practice dependent on other key parameters -pH and
concentration of ammonia. In addition, the unstable
endpoint in the determination of the TA decreases the
reproducibility of the method. Determination of ERV is, on
the other hand, a useful indicator of microbiological
quality. This feature, however, is negated by the absence
of any significant correlation until an overt stage of
decomposition' is reached...................................
The concentration of the lactic acid isomers and that
of ammonia are determinants of the pH value of the
ecosystem. In particular D-lactic acid and acetic acid may
be used as indicators of the microbiological quality of the
ecosystem. Indeed these could well be used as markers also
of a particular microbial association. The concentration of
ammonia may be used as a general index of the
microbiological quality and as an estimate of the available
substrates of the ecosystem. The dramatic increase in the
concentration of this end-product of the microbial
metabolism coincides with the exhaustion of lactic acid.
Determination of total amino acids and soluble
proteins could well be replaced by that of the ammonia.
Unfortunately, an important physico-chemical analysis which
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was not undertaken during the survey is the determination
of the gas atmosphere composition of the ecosystem and its
changes during storage as well. It is well known (see
Literature review, pp. 10) that the principal role of the
gaseous atmosphere of an ecosystem in selecting its biotic
community. Detailed determination of amino acids might well
constitute another possible indicator of the ecosystems
composition and quality. It is assumed that the metabolic
idiosyncrasies of specific groups of the microbial
association of an ecosystem, might be used as useful
indicators. In addition to this, some of these metabolic
idiosyncrasies are key factors for a particular development
of the'autochthonous' community of a' food' ecosystem (Bennett
and Bentley 1989, Nychas et al. 1988)

Fig. 3.1 D e v e l o p m e n t of a m i c r o b i a l a s s o c i a t i o n in m i n c e d l a m b
16 b

stored a e ro bically at 4 ° C
% of PCA. Glucose(m g% )

Observed g ro w th (lo g of c .f .u ./g r )

PH

00

- 7.0

9.5

8.5

80

r 6.8

7.5
60 -

6.6

40 -

r 6.4

6.5

5.5

20

3.5

-

6.2

2.5

0

1

2

B|IL Bf

5

4

6.0

2

D u ra tio n of th e e x p e r im e n t (days)

3

4

Days of storage
Media
—
-S '

P.C.A.
VRBGA

~+~
*

ST AA
MKS

0

CFG

PCA

111

STAA

Yeasts

MRS

■ ■

RBC

b.

a. G r o w t h c u r v e s

p H

I)

VRBCA
□

pH

1) - g l u c o s e

g l u c o s e a n d c o n t r i b u t i o n of t h e d i f f e r e n t
taxa to the p o p u la tio n

F ig . 3 .2 C h a n g e s o c c u r r in g d u r in g a e ro b ic s to r a g e o f m in c e d la m b a t 4 ° C
ERV

TVC, pH and TA

b

D -glucose (mg%)

TVC (log c fu /m l)

r

12

TVC (log c fu /m l)

la c ta te (mg%)
550

9.5

2

3

4

2

T im e (d )

3

4

t im e (d )

T.V.C.

PH

ERV

TA

D-glucose

TVC

L a c tic a c id

D—glucose (mg%)
D -g lu c o se (mg%)

la c ta te (mg%)

Am m onia (mg%)

la c ta te (mg%)

la c ta te (mg%)

A m m onia (mg%)
f

0

1

2

3

4

5

6

1 2

3

2

4

Lactic acid

Am m oiilH

3

4

tim e (d)

T im e (d)

tim e (d)
Glucose

0

Lactic acid

AmmontdGlucose

Lactic acid

Fig. 3.3 D is t r ib u t io n % o f d if f e r e n t g ro u p s o f m ic ro -o rg a n is m s in m inced lam b (Survey 1

6.0

100

100i
Y1

Y1

6.0

170

Y2

80-

80
-5.9

5.9

60

60-

Y l: Percentage
-5.8

5.8

Y2: pH

40

405.7

5.7

20

20-

B

A

o

Purchase day

H

pca

[X I

MRS IX U

E

5.6

Expiry day

staa E

H

RBC I E

c fc

[X I

Purchase day

vk b g a

pH

■ I

PCA I / J STAA I I I CFC I \

EH

MRS

E

RBC

5.6

Expiry day

E

1 VRBGA

pH

Capital leters correspond to different supermarkets
100

r5.9

Y1

5.9

1 0 0 -I

Y2

Yl

Y2

80-

80

-5.8

5.8
60-

60
-5.7

40

40

-5.6

-5.6
20

20

D

C

o

Purchase day

5.5

Expiry day

■ I

PCA E

STAA E H

EH

MRS □

RBC

EH

CFC E H
pH

VRBGA

Purchase day

■ i

PCA

EH

MRS

LZH
EH

STAA
RBC

5.5

Expiry day

EH
E l

CFC
pH

EH

VRBGA

Fig.3.4 Survey 2. d is trib u tio n % of d iffe re n t groups of m ic ro - organisms and changes in pH

lOOl

100

6.0

B

Y2
80

00

r 6.2

171

C

r 6.2

Y2

Y2

6.1

80

80
5.9

6.0

6.0
60-

60

60
5.8

5.9

5.9

40

40

40
5 8

5.B
-5 .7

20-

20-

5.6

Expiry day

■ 1

PCA

CD

MRS

CD
CD

STAA
RBC

CD
CD

CFC

GJ

VRBGA

PCA
m rs

CD
CD

STAA
rbc

CD
CD

CFC

G1

VRBGA

pH

■ ■

PCA

CXI

MRS

CD
CD

STAA
RBC

5.6

Expiry day

Purchase day

CD
CD

CFC

CD

VRRGA

pH

D (a e ro b ic )

D
5.9

120 1

X
X

1
100

■ 1

CD

5.7

m

5.6

Purchase day

pH

20-

5.7

120

6.2

Y2

Y2 Yl

X
X

6.2

[20

Yl

Y2

100

100

X
X
X

80 -|

X
X
X
X
X
X
X

60
40

><
X

6.1

5.8

u 6.1

80 -

60

60-5 .7

80 H

40

6.0

40

X

20

0

20

X

X
x
3=*
Purchase day

x

Expiry day

— L 5.6

20 -|

Purchase day

Expiry day

5.9

0-

X
X
X
X
X
X
X
X
X
X
X
X
X
X

-

5.9

STAA
RBC

5.8

Expiry day

P urchase day

■ ■
PCA CD STAA CD CFC G H VRBGA
■ ■
PCA CZD STAA CD CFC G H VRBGA
■ ■
PCA LZJ
tXD MRS CD RBC CD pH
CK3 MRS CD RBC CD pH CD pH (surface)
CD MRS CD
C a p ita l le tte r s c o rre s p o n d to th e d iff e r e n t s u p e rm a rk e ts
Y l: p e rc e n ta g e , Y2: pH

6.0

CD
CD

CFC
pH

GU

VRBGA

172

Figure 3.5: Sample units plotted on the first three principle components of
the correlation m atrix of the microbiological and physico-chemical variables.
Letters A ,B ,C and D correspond to different supermarkets. Numbers refer
to the day of analysis.
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Figure 3.6: Sample units plotted on the first three principle components of
the correlation matrix of the microbiological and physico-chemical variables.
Letters A, B, C, D and E correspond to different supermarkets. Numbers
refer to the day of analysis.
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Fig. 3.7 Succession of pseudomonads during storage of minced
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TABLE 3.1. A summary of principal observations made with minced lamb
from butchers shops or supermarkets
Observations and trends

Variable

Butchers shops
(storage in air)

Supermarkets
(modified atmosphere
packs)

Total number
of samples

14

9 (89 sample units)

Level of initial
contamination (TVC)

<1 0 5->108
(c.f.u./g)

105-107
(c.f.u./g)

Pseudomonads or
Brochothrlx
thermosphacta

Gram-positive and negative
micro-organisms

climax

Pseudomonas fragl

Lactic acid bacteria and/or
Brochothrlx thermosphacta

pH

5.9-6.6
(increase
during storage)

5.9-6.2
(stable or decrease
during storage)

Extract Release
Volume

decrease

increase
or no change

D-glucose

30-60 (mg%)
decrease

70-120 (mg%)
decrease

L-lactic acid

0.3-0.5 (g % )
decrease

0.3-0.6 (g%)
decrease or slight increase

Ammonia

10 (mg%)
increase

10 (mg%)
increase

Microbial
association
initial
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TABLE 3.2. Summary of methods of analysesa and key to tables 3.3 to 3.34.

Analysis
(variable)

Method and/or expression of results

Microbiological
Total viable count
Brochothrix
thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid
bacteria
Yeasts

Numbers of c.f.u./g minced lamb. Enumeration by
s , Plate Count Agar (Oxoid, CM325), 20 C, 4 d.

s, STAA agar (Oxoid, CM881 + SR151) 20 °C, 3 d.
s, CFC agar (LAB M, 108 + X108), 15 °C, 2 d.
PC , VRBGA agar (LAB M + 88), 30 °C, 24 h.
S, MRS agar
S, RBC agar

Physico-chemical
pH
Titrimetric acidity
Extract Release
Volume (ERV)
Total carbohydrates
D-glucose
D-glucose6-phosphate
D-gluconate
D-gluconate6-phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

ml of 0 .02 N HC1 to pH 5.0 of a mince homogenate
ml
mg per 100 g minced lamb
mg per 100 g minced lamb
mg per 100 g minced lamb
mg per 100 g minced lamb
mg per 100 g minced lamb
mg per 100 g minced lamb
mg per 100 g minced lamb
mg per 100 g minced lamb
mg per 100 g minced lamb
as mmol of 1-leucine per 100 g minced lamb
g per 100 gf minced lamb
mg per 100 g minced lamb

Glycogen

'■ '

(Oxoid, CM361), 20 °C, 4 d.
(LAB M, 36 + X 0 0 9 ), 25 °C, 5 d.

--- -

,

: '

.

described in Materials and Methods.
Spread plate method (0.1 ml diluted sample), on the culture medium
(three replicates at three appropriate dilutions).
c Pour plate method (1.0 ml diluted sample), on the culture medium
(three replicates at three appropriate dilutions).
- no results available.

TABLE 3.3.

Summa r y of r e s u l t s 3 obtained immediately after p u r chase of m i n c e d lamb
stored aerobically

Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
PH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins
Glycogen

Sample'3
1

2

3

4

5

5.2xl05
2.4xl05
1.2xl05
3.9xl02
1.4xl04
<1.OxlO2

9.3x10
4.OxlO6
7.lxlO6
5.6xl02
1.5xl06
<1.OxlO2

7.1x10°
5.4xl05
5.5xl06
4.6xl03
2.6xl05
5.7xl03

1.OxlO6
1.2xl05
2.2xl05
2.OxlO3
5.5xl05
7.7xl03

>1.0x10°
9.7xl07
1.4xl08
1.2xl06
4.6xl07
1.6xl05

6.1
1.8
26.0
111.8
52.7
4.7
464.0
6.0
10. 7
4.0
1.7

6.0
3.0
26.0
220.6
63.5
7.9
496.6
12.0
3.5
2.0

6.6
3.2
13.0
_c
30.0
3.0
292.0
9.8
3.5
1.8

6.0
1.3
36.0
331.1
54.6
0.0
489.6
13.1
3.3
1.6

6.6
3.5
8.0
-

26.1

12.2

23.7

-

0

/•

_c

14 For summary of methods and key, see Table 3.2. Individual results given in Tables 3.5 to
3.8.
k each sample obtained from different butchers.
c no results available.
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TABLE 3.4.

Sample number

Initial populations on minced lamb purchased from 9
butchers shopsa
TVC

CFC

Percentage

1

2.2xl06

6
2.1x10

95.5

6.1

2

6
1.2x10

5
8.1x10

67.5

6.5

3

7
1.9x10

1.1x10

57.9

5.9

4

6.6x1$

6
3.7x10

56.1

6.1

5

7
4.4x10

7
2.0x10

45.5

6.0

6

7
1.3x10

6
5.3x10

40.8

6.1

7

6
1. 4x10'

5.2x10

37.1

5.9

8

6
2.5x10

7.4x10.

29.6

6.0

7

5

5

5
4
_c
5.6x10
9
<1.0x10
a ___
for summary of methods and key, see Table 3*2
k % percentage of CFC count of the TVC.
c no data for calculation.

pH

6.0
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TABLE 3.5.

Summary of analysis of minced lamb stored a erobically

STORAGE
____________________________________________
Days
at 4 °C

Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

(Spoilage experiment l)a

Days

at 20 °C

5. 2xl05
2.4xl05
1. 2xl05
3.9xl02
1.4xl04
<1.OxlO2

3.OxlO6
1.8xl06
5.3xl05
4. 2xl03
l.lxlO5
5.7xl03

1.OxlO8
7.4xl07
2.OxlO6
1.OxlO4
6.9xl05
6.5xl03

9.0xl08
4.4xlOS
7.6xl07
4.7xl04
2.2xl07
1.OxlO4

4.2xl09
l.lxlO9
1.8xl09
2.2xl06
1.4xlOS
3. 9xl04

8.lxlO9
l.lxlO9
4.2xl09
2.5xl07
1.2xlOS
4.2xl04

1.lxlO9
6.4xlOS
1.2xl0S
1.5xl06
4.4xl06
9.OxlO3

1.9xl010
1.7xl09
1.lxlO10
7.8xlOS
4.5xlOS
5.9xl04

6.1
1.8
26.0
111.8
52.7
4.7
464.0
6.0
10.7
4.0
1.7

6.1
2.5
27.0
120.7
62.0
10.0
532.5
11.7
12.2
4.4
1.7

6.0
2.6
23.0
104.5
53.4
1.8
521.7
6.9
13.5
4.5
1.9

6.2
2.0
13.0
52.3
20.0
3.0
429.7
7.9
14.3
3.9
1.5

6.3
4.5
15.0
36.9
13. 7
0.0
427.6
12.1
20.3
4.0
1.5

7.0
5.5
3.0
27.0
8.8
0.0
275.9
15.3
30.2
4.6
1.9

6.2
4.4
10.0
41.4
18.0
0.0
480.7
13.9
15.9
4.9
1.7

7.2
5.7
0.0
32.4
3.8
0.0
4.2
9.7
91.6
7.6
1.8

Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

a For summary of methods and key,

see Table 3.2.
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TABLE 3.6.

Summary of analysis of min c e d lamb stored a e r o b ically

(Spoilage e xperiment 2 ) a

STORAGE
_____________________________________________________
Days
at 4 °C

Analysis
(variable)

at 20 °C

Days

0

1

2

3

4

5

1

2

9.3xl06
4.OxlO5
7.lxlO5
5.6xl02
1.5xl05
<1.OxlO2

9.4xl06
4. 7xl06
1. 8xl06
2 .4xl03
9.7xl05
<1.OxlO2

1.3xl08
7.7xl07
4.5xl07
1.6xl04
2.3xl07
<1.OxlO2

2.2xl08
9.2xl07
1.2xl08
2.lxlO5
6.2xl07
<1.OxlO2

1.8xl08
5.lxlO7
9.6xl07
1.OxlO6
5.OxlO7
<1.OxlO2

7.2xl08
1.4xl08
2.3xl08
3. 3xl06
1.7xl08
<1.OxlO2

7.3xl08
2.5xl08
4.8xl08
4.3xl07
1.OxlO8
<1.OxlO2

4.2xl09
2.4xl08
3.6xl09
5.6xl08
1.6xl08
<1.OxlO2

6.0
3.0
26.0
220.6
63.5
7.9
496.6
12.0
3.5
2.0

6.0
3.3
23.0
164.1
50.1
38.6
488.7
11.8
3.9
2.0

6.0
4.4
20.0
97.7
40. 5
10.5
516.9
12.1
4.4
2.3

6.1
3.8
13.0
94.7
32.8
4.7
476.7
13.8
4.1
2.6

6.1
3.3
12.5
22.9
4.9
0.0
496.7
20.4
4.7
2.4

6.1
3.7
6.5
22.9
4.7
0.0
506.7
23.9
5.7
2.9

6.3
6.7
9.5
45.0
5.9
0.0
378.5
22.9
2.9
2.4

7.0
10.9
2.7
35.9
5.2
0.0
232.2
55.4
6.7
3.2

Glycogen

26.1

28.4

19.3

-

28.9

30.9

47.4

35.0

a For summary of methods and key,

see Table 3.2.

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
Ammonia
Total amino acids
Soluble proteins

TABLE 3.7.

Summary of analysis of m inced lamb stored aerobi c a l ly

Days

(Spoilage experiment 3 ) a

at 4 UC

Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
PH
Titrimetric acidity
ERV
D-glucose
D-glucose-6-phosphate
L-lactic acid
Ammonia
Total amino acids
Soluble proteins
Glycogen

4

5

7.2x10°
1.4xl08
4.4xl08
8. 7xl06
1.6xl07
3.6xl04

1.3xl09
1.6xl08
9.3xl08
1.5xl07
4.OxlO7
1. 7xl04

5.2xl09
4.7xl08
4.8xl09
l.lxlO8
1.OxlO8
3.9xl04

6.7
4.5
8.5
8.5
0.0
270.2
12.0
4.4
1.9

6.7
5.0
6.3
6.3
0.0
20.8
4.6
1.9

6.9
5.5
2.5
6.5
29.1
4.7
2.0

7.0
7.2
2.2
5.5
0.0
201.0
50.4
5.0
2.7

10.0

12.0

13.3

12.3

0

1

2

7.lxlO5
5.4xl05
5.5xl06
4.6xl03
2.6xl05
5.7xl03

2.0x10°
7.2xl05
5.3xl05
6.2xl03
4.OxlO5
9.3xl03

8.0x10°
7.1xl06
1.lxlO6
3.8xl04
1.lxlO6
1.3xl04

6.6
3.2
13.0
30.0
3.0
292.0
9.8
3.5
1.8

6.7
4.4
13.8
13.8
0.0
10.8
4.0
2.2

12.2

8.6

/•

a For summary of methods and key, see Table 3.2.

3

Q

/•

0.0

TABLE 3.8.

Summary of analysis of minced lamb stored aerobically

Days

(Spoilage experiment 4 ) a

at 4 UC

Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
PH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
Ammonia
Total amino acids
Soluble proteins
Glycogen

0

1

2

3

4

5

1.OxlO6
1.2xl05
2.2xl05
2.OxlO3
5.5xl05
7.7xl03

1.5xl06
5.OxlO5
2.5xl05
3.lxlO3
8.3xl05
1.OxlO4

3.4xl06
1.6xl06
2.8xl06
3.7xl03
9.6xl05
1.6xl04

7.6xl06
3.4xl06
1.4xl07
1.6xl03
2.6xl06
l.lxlO4

4.2xl08
9.3xl07
2.5xl08
1.9xl05
3.5xl07
3.4xl04

Q
1 .5x10
2 .5xl08
1 .5xl09
2 .3xl06
1 .2xl08
7 .7xl04

6.0
1.3
36.0
331.1
54.6
0.0
489.6
13.1
3.3
1.6

6.1
1.4
41.0
297.9
58.5
1.6
470.7
13.5
3.4
2.0

6.1
1.7
39.0
193.2
52.3
0.0
476.7
14.5
3.1
1.7

6.1
2.3
26.0
114.9
31.4
0.0
475.3
16.3
4.3
2.0

6.3
3.0
8.0
51.9
11.6
0.0
342.5
22.8
3.1
2.2

6.5
4.0
5.0
57.9
13.1
0.0
368. 7
27.0
4.4
2.3

23.7

-

-

20.5

-

18.0

For summary of methods and key, see Table 3.2.

TABLE 3.9. Summary of analysis of minced lamb with onions stored aerobically (Spoilage experiment 4)a
Days

at 4 UC

Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
L-lactic acid
Ammonia
Total amino acids
Soluble proteins

0

1

2

3

4

5

7.2xl05
9.6xl04
2.3xl05
2.2xl03
3.2xl05
4.OxlO3

1. 9xl06
9.5xl05
5.6xl05
1.7xl03
7.8xl05
7.4xl03

8.6xl06
5.lxlO6
4.OxlO6
5.9xl03
1.5xl06
1.9xl04

9.5xl07
4.lxlO7
1.2xl08
3.4xl04
9.5xl06
8.9xl04

3.4xl09
1.3xl09
3.3xl09
2.3xl06
2.lxlO8
2.6xl05

5.4xl09
1.5xl09
5.5xl09
4.5xl06
5.3xl08
9.9xl04

6.0
1.4
27.0
1400.0
424.1
459.3
15.1
4.0
1.8

6.1
1.6
26.0
1600.0
538.3
423.2
16.1
4.8
1.5

6.0
1.8
33.0
2100.0
545.7
400.5
18.1
2.8
1.4

6.0
1.4
42.0
1900.0
371.4
394.6
18.4
3.4
1.4

6.5
3.6
5.0
600.0
72.3
307.8
37.7
3.3
2.1

6.3
2.9
8.0
900.0
77.3
313.8
36.0
3.2
2.0

a For summary of methods and key, see Table 3.2.

TABLE 3.10.

Summary of analysis of frozen m inced lamb stored a e r o b ically

Days
Analysis
(variable)

Ab

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins
*3" ■"

■■■■■ ■

(Experiment l)a

at 4 UC
BC

1

3

1

3

3 (20 °C)

1.2x10
no growth

1.3x10
no growth

2.0x10
>1.OxlO5
>1.OxlO3
5.4xl04
>1.OxlO3
1.8xl04

6.2x10 ^
>1.OxlO5
>1.0xl06
>1.0xl06
>1.OxlO4
2.5xl04

6.2
3.0
33.0
64.1
27.2
0.0
419.7
8.6
12.8
4.0
1.3

6.5
7.7
9.3
19.4
3.1
0.0
282.2
52.3
56.1
6.5
1.4

It

It

•t

tl

it

"

3.0x10
5.2xl03
no growth
2.3xl03
5.9xl03
no growth

6.2
1.8
64.0
89.2
42.9
0.0
398.7
11.6
9.6
3.5
2.0

6.2
1.6
58.0
66.7
52.8
0.0
414.1
9.0
10.5
3.6
2.1

6.1
1.7
38.3
94.2
55.0
0.0
425.9
7.8
9.8
3.3
1.2

It

It

,

I.

.... ..... .

For summary of methods and key, see Table 3.2.
Id
c
analysis of the samples after purchase,
analysis after refreezing and rethawing. Days including the
day of thaw.
Numbers represent the average of three samples. No growth was observed in one sample on PCA medium on
day 1 and 3 (situation A) and on day 1 (situation B). In the latter growth on the STAA, VRBGA and MRS
media was observed on day 1 only in one sample.

1 8 6

TABLE 3.11.

Summary of analysis of frozen minced lamb stored aero b i c a l l y

Days
Analysis
(variable)

Microbiological
Total viable count
Brochothrlx thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
PH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins
Glycogen

A

at 4 UC

B

1

3

5

1

l.lxlO4
no growth
i«

1.2xl05
1.2xl04
2.7xl04
2.4xl03
0.9xl04
no growth

6.2xl07
7.2xl06
7.6xl07
6.7xl05
3.4xl05
3.9xl03

1. 5xl05
1.6xl04
2.9xl04
2.4xl03
2.lxlO4
no growth

6.2
1.5
46.0
70.7
44.3
0.0
394.6
<0.1
11.6
3.5
2.0

6.4
2.4
26.0
60.1
32.2
0.0
418.8
0.6
14.1
3.7
2.0

II
II
II

6.2
1.3
53.0
66.4
38.9
0.0
378.7
0.4
10.1
2.8
1.9

(Spoilage e xperiment 2 ) a

3

5

1.4xl07
4.9xl06
4.2xl07
4.2xl05
7.3xl05
no growth

7.9xl09
1.OxlO9
6.8xl09
4.4xl08
4.2xl08
1.lxlO5

6.3
1.7
34.0
73.0
49.0
0.0
387.1
<0.1
12.1
3.6
1.9

6.3
2.3
24.0
55.5
25.3
0.0
397.5
<0.1
14.4
3.3
2.1

7.0
4.4
5.0
23.2
5.4
0.0
243.7
0.1
36.1
3.4
2.5

22.1

21.9

30.2

1 (resuscitation)

1.OxlO5
2.4xl04
1.4xl04
3.5xl03
6.9xl04
-

a For summary of methods and key, see Table 3.2.
k analysis of the samples after purchase, c analysis after refreezing and rethawing. Days including the day of thaw.
Numbers represent the average of two samples. Rescuscitation as described in Materials and Methods.
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TABLE 3.12. Dates of sampling and numbers of samples of minced lamb
packaged under modified atmosphere and purchased from supermarkets
Dates and numbers of sample units
examined on
Supermarket
(season)
Purchase

Expiry

Total

Survey 1 (S3 )
(T l/ Summe^ 1991)
Aa '

38
6 (AX )
13 June

6 (A2 )
17 June

12

5 (BX )
3 July

5 (B2 )
6 July

10

Cc

5 (CX )
23 July

5 (C2 )
28 July

10

D

3 (DX )
6 August

3 (D2 )
8 August

6

E

0

0

0

B

Survey 2 (S2 )
(T2 / Spring 1993)
Ab

51
6 (A3 )
27 February

6 (A4 )
4 March

12

B

3 (B3 )
20 March

4 (B4 )
23 March

7

cd

6 (C3 )
15 March

5 (C4 )
17 March

11

De

6 (D3 )
2 April

6 (D4 )
6 April

12

Ef

4 (E3 )
26 March

5 (E4 )
30 March

9

Survey 1 and 2

General Total

89g

a ■ " r: , , . .
supermarkets, subscript numbers 1, and 3, 4 correspond to the purchase
and expiry days of surveys 1 and 2 respectively.
k the day of purchase was the delivery day of the product from the
de p o t .
c sample with
a
display date 27
July 1991.
d sample with
a
display date 16
March 1993.
e Sample with pack day 31 March 1993.
^ sample with
a
display date 28
March 1993.The above dates were taken
from the individual packs or from the master pack containing
them.
g in addition 8 sample units from different supermarket examined in a
preliminary survey.
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T A BLE 3.13. Survey 1, summary of analysis of m i n c e d lamb stored under m o d i f i e d a t m o s p h e r e 3

Supermarket
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
PH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

A

B

C

D

ib

iiC

i

ii

i

ii

i

ii

2.1x10°
2.lxlO4
6.8xl03
9.9xl02
1.8xl06
<1.OxlO2

1.1x10°
3.5xl05
7.6xl05
5.4xl04
4.5xl07
3.4xl03

4.6x10
2.OxlO5
6.2xl04
1.6xl03
7.7xl04
<1.OxlO2

2.3x10°
1.9xl08
4.7xl06
7.2xl03
3.6xl07
8.6xl03

3.0x10°
9.OxlO5
3.2xl05
1.4xl04
6.8xl05
<1.OxlO2

1.9x10°
5.2xl07
2.OxlO6
1.5xl05
9.4xl07
5.2xl03

8.8x10°
8.6xl06
1.3xl05
5.2xl04
3.OxlO6
5.7xl03

1.0x10°
9.6xl07
3.5xl05
1.8xl05
5.8xl07
1.8xl03

6.0
2.2
23.9
179.0
81.0
22.8
345.0
13.9
6.5
10.8
8.3
1.7

5.7
1.9
43.8
35.9
8.1
0.0
313.0
203.0
14.0
17.1
7.2
1.9

6.0
2.5
33.2
177.5
78.3
21.2
430.0
0.0
0.0
10.5
7.1
2.0

6.0
2.6
35.3
70.1
3.7
33.6
465.9
0.0
21.0
13.8
6.5
1.5

5.9
3.3
25.6
274.3
99.4
58.0
581.1
0.0
0.0
13.6
6.4
2.6

5.6
3.2
36.4
31.5
4.4
8.0
453.0
166.4
36.3
24.6
6.6
1.8

5.9
3.3
30.0
137.9
70.1
14.1
433.8
0.0
6.7
10.7
4.7
1.5

5.9
3.9
30.0
79.1
24.0
17.7
492.1
0.0
10.8
11.7
4.8
1.3

For summar y of methods and key, see Table 3.2.
b day of purchase, c after cold storage until the sell-by date.

TAB L E 3.14.

Survey 2, summary of analysis of min c e d lamb stored un d e r m o d i f i e d a t m o s p h e r e a

Supermarket
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
pH
Titrimetric acidity
ERV
D-glucose
D-glucose-6-phosphate
D-gluconate
D-gluconate-6-phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

A

C

B

ib

iiC

i

ii

i

ii

2.OxlO5
1.5xl04
1.9xl04
1.3xl03
5.2xl04
<1.OxlO2

3.7xl08
8.8xl07
1.9xl06
5.9xl05
3.0xl08
1.2xl04

4.6x10®
9.7xl05
2.6xl04
4.3xl04
1.6xl06
5.7xl02

6.3x10®
4.OxlO7
1.2xl06
1.2xl06
1.0x10®
6.9xl02

9.6x10°
4.8xl06
2.5xl06
1.3xl04
1.8xl06
5.9xl03

5.2x10®
3.8x10®
4.5xl07
7.8xl05
4.4xl07
2.3xl04

5.9
2.2
28.3
84.9
63.5
0.9
1.0
596.3
2.0
11.0
14.0
8.2

5.9
2.2
27.3
5.4
16.0
0.9
0.8
453.9
82.9
85.7
24.2
9.9

6.1
2.6
15.0
74.2
55.3
0.7
0.5
531.5
13.4
9.5
15.1
6.1

5.7
2.2
30.9
4.2
3.2
0.4
1.0
525.3
98.6
45.4
18.6
7.2

6.2
2.9
20.0
70.9
26.6
5.1
0.5
528.7
2.7
7.7
14.8
8.1

6.2
3.1
21.0
6.0
14.4
2.9
0.8
428.5
27.6
43.4
18.7
7.7

a For summary of me t h o d s and key, see Table 3.2.
b day of purchase, c after cold storage until the sell-by date.

TA B L E 3.14.

Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
pH
Titrimetric acidity
ERV
D-glucose
D-glucose-6-phosphate
D-gluconate
D-gluconate-6-phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

(continued)

Supermarket
________________________________
D(anaerobic)
D (aerobic)

E

ib

iiC

i

ii

i

ii

5. 7xl07
1.6xl07
3.4xl07
2.8xl04
2.6xl07
6.4xl03

6.4xl08
1.2xl08
1.8xl08
1.6xl05
6.8xl08
7.4xl03

4.9xl07
3.6xl06
8.OxlO5
3.9xl04
5.8xl07
2.OxlO4

3.9xl08
1.3xl07
1.7xl06
7.3xl04
4.5xl08
5.4xl04

9.5x10°
4.6xl04
2.8xl05
4.4xl03
7.3xl06
8.OxlO2

7.4xl08
3.3xl06
6.6xl05
4.7xl04
8.7xl08
4.2xl03

6.0
2.2
25.9
29.3
69.6
41.8
1.3
515.3
16.1
6.3
13.5
6.2

6.2-6.0
3.3
29.0
4.8
18.3
2.9
1.8
367.5
143.3
26.3
7.0

5.9
2.2
27.3
82.1
75.9
0.9
1.5
555.0
22.6
12.8
6.7

5.7
2.3
42.0
4.6
28.8
0.5
1.5
418.0
201.9
51.4
15.2
6.9

6.2
3.5
15.5
122.2
15.8
1.8
0.3
536.6
4.0
12.4
15.3
9.9

5.9
3.6
24.9
4.8
7.4
0.2
1.3
503.0
83.9
75.0
22.2
11.0

/•

a For summary of methods and key, see T able 3.2.
b day of purchase, c after cold storage until the sell-by date.

TABLE 3.15. Summary of analysis of variance of minced lamb in
modified atmospherea
Source of variation*3
variable
a

b

c

axb

axe

bxc

axbxc

Total viable count

***

***

★**

***

★**

*

***

B. thermosphacta

** *

***

ns

***

*

ns

***

Pseudomonads

** *

***

***

** *

***

ns

ns

Enterobacteriaceae

★* *

***

***

***

***

***

*

Lactic acid bacteria

***

***

*

ns

**

*

*★ *

Yeasts

** *

***

***

**

** *

ns

** *

PH

***

***

***

ns

***

ns

***

Titrimetric acidity

***

ns

***

**

** *

ns

ns

ERV

***

* **

***

ns

***

ns

***

D-glucose

***

* **

ns

***

***

*

ns

D-glucose-6-P

**★

** *

***

* **

***

***

* **

L-lactic acid

*★ *

***

** *

***

***

***

* **

D-lactic acid

** *

** *

*

***

***

★★

* **

Acetic acid

★* *

***

★★ *

★★★

★**

** *

***

Ammonia

***

** *

***

ns

***

ns

**

Total amino acids

***

ns

**.*

ns

** *

***

**

Microbiological

Physico-chemical

common variables of surveys 1 and 2 were subjected to a
factorial analysis of variance (3x5). Bacterial counts were
transformed into In.
k a, supermarket, b, day of examination, c, survey.
*
significant at 5% probability level,
** significant at 1% probability level,
*** significant at 0.1% probability level,
ns no significant.

TABLE 3.16.

Survey 1 and 2,

summary of an a l y s i s of v a r i a n c e 3

Source of variation
variable

survey 1

survey 2

a

b

axb

a

b

axb

**

***

***

***

***

***

B. thermosphacta

***

***

***

***

***

*★*

Pseudomonads

***

***

**

***

***

**

Enterobacteriaceae

***

** *

ns

***

***

***

Lactic acid bacteria

ns

***

*

***

***

***

Yeasts

ns

***

***

★**

***

*

pH

***

** *

** *

★**

*★★

**

Titrimetric acidity

***

ns

*

***

ns

ns

ns

** *

***

***

***

***

***

** *

** *

-

-

-

**

***

***

***

* **

***

D-glucose-6-P

***

***

***

***

#**

* ★★

L-lactic acid

***

***

**★

•k★

*★ *

**

D-lactic acid

***

** *

***

* *★

***

* *★

Acetic acid

***

***

***

ns

***

-

Ammonia

* **

***

***

ns

***

ns

Total amino acids

*★★

*

ns

* *★

★ **

*

Soluble proteins

***

***

** *

-

-

-

Microbiological
Total viable count

Physico-chemical

ERV
Total carbohydrates
D-glucose

a factorial analyses of variance (2x4) and (2x5), for survey 1 and
2 respectively, for every variable were made separately because
there was a significant interaction between supermarket and survey
(bxc) (see Table 3.15); -, no results available.
a, supermarket; b, day of examination; *
significant at 5%
probability level; **, significant at 1% probability level; ***,
significant at 0.1% probability level; ns, not-signifleant.

193
TABLE 3.17. Principal component analysis, values of latent
vectors and percentage variation
Latent vectors
(loadings3 )
variable
1

2

3

4

43.37

16.82

11.25

7.21

Total viable count

0.358

0.083

0.030

0.041

B. thermosphacta

0.307

0.100

0.320

0.056

Pseudomonads

0.268

0.231

0.290

-0.042

Enterobacteriaceae

0.310

0.150

0.093

-0.093

Lactic acid bacteria

0.322

0.130

-0.045

-0.014

Yeasts

0.249

0.216

0.205

-0.002

-0.156

0.434

0.036

0.338

Titrimetric acidity

0.026

0.345

-0.042

0.351

ERV

0.136

-0.473

0.150

-0.100

-0.337

0.104

-0.076

-0.001

D-glucose-6-phosphate -0.208

0.135

0.283

-0.568

L-lactic acid

-0.128

0.348

0.024

-0.577

D-lactic acid

0.260

-0.341

-0.121

-0.083

Acetic acid

0.279

0.102

-0.349

-0.182

Ammonia

0.281

0.079

-0.304

-0.168

Total amino acids

0.022

0.162

-0.645

-0.108

Percentage variation
Microbiological

Physico-chemical
pH

D-glucose

a loadings with abolute value ca. >0.3 (bold case numbers)
important
for the value of the vector.

are
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T A B L E 3.18.

Survey 1 (S^),

summary of analysis of chilled m i n c e d lamb stored un d e r m o d i f i e d a t m o sphere on da y of
purchase from supermarket A (A^)a

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

1.4x10°
1. 4xl04
8.lxlO3
l.lxlO3
9.9xl05
<1.OxlO2

2.7x10°
1.7xl04
7.lxlO3
9.8xl02
2.5xl06
<1.OxlO2

5.1x10°
6.9xl03
1.3xl04
9.OxlO2
5.7xl05
cl.OxlO2

6.0
2.2
24.0
209.6
75.0

5.9
2.2
20.0
184.1
76.9
25.7

6.0
2.3
21.0
184.1
80.9
31.1

10.8
8.5
1.7

11.1
7.4
1.7

10.4
8.8
1.9

Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

a For summary of m e thods and key,

see T able 3.2.

5

6

Averages

2.2x10°
2.OxlO4
5.6xl03
9.4xl02
2.lxlO6
<1.0xl02

4.2x10°
4.8xl04
4.2xl03
l.lxlO3
3.4xl06
<1.0xl02

2.1x10°
2.lxlO4
6.8xl03
9.9xl02
1.8xl06
<1.0xl02

5.9
2.6
21.0
174.2
80.9
12.4

5.9
2.0
28.0
161.4
80.9
31.1

6.0
2.1
29.5
165.4
89.0
13.6

10.2
8.4
1.5

11.1
8.0
1.5

11.1
8.8
1.9

6.0
2.2
23.9
179.0
81.0
22.8
345.0
13.9
6.5
10.8
8.3
1.7

4

1.8x10°
1.7xl04
2.8xl03
9.7xl02
1.5xl06
<1.OxlO2 '
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T A B L E 3.19.

Survey 1 (S-^), summary of analysis of chilled m i n c e d lamb stored under m o d i f i e d atmosp h e r e on expiry day
from supermarket A (A2 ) a

Sample unit
Analysis
(variable)
Averages

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

7.8xl07
8.8xl05
7.7xl05
4.lxlO4
6.OxlO7
<1.OxlO2

8.7xl07
7.9xl05
6.OxlO4
8.5xl03
2.9xl07
<1.OxlO2

9.7xl07
4. 7xl06
1.5xl06
1.7xl05
5.5xl07
8.7xl03

3.7xl07
7.6xl06
2.1xl0S
9.6xl04
6.5xl07
l.lxlO4

l.lxlO8
4.9xl05
9.lxlO4
6. 3xl02
5. 3xl07
<1.0xl02

2.4x10
6.7xl0S
5.2xl04
8.9xl03
8.3xlOS
<1.0xl02

l.lxlO8
3.5xl0S
7.6xl05
5.4xl04
4.5xl07
3.4xl03

5.6
1.5
43.0
31.6
12.1
0.0

5.7
1.9
41.0
25.3
8.1
0.0

5.7
2.3
49.0
21.1
12.1
0.0

5.7
1.9
38.0
44.3
8.1
0.0

5.7
1.7
57.0
40.1
4.0
0.0

5.7
2.1
35.0
46.4
12.1
0.0

17.8
5.6
1.9

16.5
7.5
1.8

18.0
7.2
2.0

17.3
6.8
1.8

15.4
7.0
1.6

18.0
8.5
2.2

5.7
1.9
43.8
35.9
8.1
0.0
313.0
203.0
14.0
17.1
7.2
1.9

Physico-chemical
PH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

a For summary of methods and key,

see Table 3.2.

T AB L E 3.20. Survey 1 (S^), summary of analysis of chi l l e d m i n c e d lamb
stored under m o d i f i e d atmosphere on day of purchase from s u permarket B (B^)a

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

5

Averages

5.5xl05
1.9xl05
5.7xl04
1.8xl03
7.6xl04
<1.OxlO2

4.7xl05
2.2xl05
6.6xl04
2.OxlO3
8.7xl04
<1.OxlO2

5.OxlO5
1.5xl05
4.6xl04
1.4xl03
7.2xl04
<1.OxlO2

3.4xl05
2.lxlO5
4.6xl04
1.6xl03
6.2xl04
<1.OxlO2

4.2xl05
2.4xl05
9.2xl04
1.2xl03
8.7xl04
<1.OxlO2

4.6xl05
2.OxlO5
6.2xl04
1.6xl03
7.7xl04
<1.OxlO2

6.0
2.3
30.5
167.9
74.1
17.1

5.9
2.5
37.0
153.3
78.0
17.7
423.7
0.0

6.0
2.6
37.0
210.2
89.7
19.5

6.0
2.7
30.0
157.0
66.3
27.7

6.2
2.6
31.5
197.9
83.2
24.1

10.3
7.8
2.0

10.5
6.7
2.0

10.6
6.4
1.9

10.0
6.7
1.9

6.0
2.5
33.2
177.5
78.3
21.2
430.0
0.0
0.0
10.5
7.1
2.0

Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose-6-phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

a For summary of methods and key,

3.4
11.0
7.8
2.1

see Table 3.2.

TABLE 3.21.

S urvey 1 (Si),
1

summary of analysis of chil l e d m i n c e d lamb

a

stored under modified atmosphere on expiry day from supermarket B (B2 )

Sample unit
Analysis
(variable)
2

3

4

5

Averages

1.9x10°
.4xl0 8
5.OxlO 6
6 .OxlO 3
4.OxlO 7
6 .9xl0 3

.2 x 1 0 °
3.9xl0 7
3.5xl0 6
6 .4xl0 3
2 .9xl0 7
6 .6 xl 0 3

.6 x 1 0 °
.2 xl 0 8
2 .8 xl 0 6
7. 2 xl 0 3
3. 6 xl 0 7
l.lxlO 3

5.6x10°
.7xl0 8
l.lxlO 7
1.OxlO 4
4.8xl0 7
9.5xl0 3

2.3x10°
1 .9xl0 8
4.7xl0 6
7. 2 xl 0 3
3. 6 xl 0 7
8 .6 xl 0 3

1

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1.3x10°
.9xl0 8
l.lxlO 6
6 .lxlO 3
2 .9xl0 7
9.3xl0 3
1

Physico-chemical
PH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

a For summary of methods and key,

2

1

1

2

2

6.1

6.0

6.0

6.1

6.0

6.0

2.4
36.0
76.4
6.3
32.2

2.5
35.5
61.9
3.2
32.4

2.6

2.7
34.0
65.5

2.6

2.6

34.0
74.6
3.8
33.0

35.3
70.1
3.7
33.6
465.9

37.0
72.8
5.1
32.4

0.0

37.8
473.6

0.0

0.0

21.0

13.1
6.4
1.3

12.9
5.6
1.3

see Table 3.2.

14.1
6.7
1.4

14.1
7.8
1.9

15.0
5.9
1.5

13.8
6.5
1.5

TABLE 3.22. Survey 1 (S^), summary of analysis of c h illed m i n c e d lamb
stored under m o d ified a tmosphere on day of p u r chase from s u permarket C (C^)a

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrlx thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

5

Averages

9.5x10
8 .5xl0 5
1 .4xl0 5
1 .2 xl 0 3
5. 6 xl 0 5
<1.OxlO 2

1.5x10°
.8 xl 0 5
1 .4xl0 5
5.OxlO 3
4.3xl0 5
<1.OxlO 2

1.5x10°
7. 2 xl 0 5
1 .2 xl 0 5
5.OxlO 3
8 .9xl0 4
<1.OxlO 2

9.3x10°
5.5xl0 6
l.lxlO 6
5.1xl0 4
6 .lxlO 6
<1.OxlO 2

.8 x 1 0 °
.2 xl 0 6
1 .4xl0 5
6 .OxlO 3
7.OxlO 5
<1.OxlO 2

3.0x10°
9.OxlO 5
3. 2 xl 0 5
1 .4xl0 4
6 .8 xl 0 5
<1.OxlO 2

5.8
3.2
23.0
265.5
96.1
52.4

6.0

5.9
3.1
29.0
290.3
105.7
58.7

5.9
3.6
27.0
276.3
99.1
56.0

6.0

3.6
24.0
242.7
97.6
54.4

2.9
25.0
296.8
98.6
68.3

5.9
3.3
25.6
274.3
99.4
58.0
581.1

Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

a For summary of methods and key,

8

1

1

0.0
0.0
12.2

13.8

13.2

6.4
2.5

6.1

6.6

2.6

2.4

see Table3-2

14.8
6.1

13.8
6.9

13.6
6.4

2.6

2.8

2.6

TABLE 3.23. Survey 1 (Si), summary of analysis of chilled minced lamb
^
a
stored under modified atmosphere on expiry day from supermarket C (C2 )

Sample unit
Analysis
(variable)
2

3

4

5

Averages

.6 xl 0 8
8 .7xl0 7
1 .6 xl 0 6
1 .7xl0 5
1 .2 xl 0 8
l.lxlO 4

.9xl0 8
3.3xl0 7
2 .3xl0 6
l.OxlO 5
7. lxlO 7
<1.OxlO 2

Q
.0 x 1 0 °
3. 2 xl 0 7
2 .6 xl 0 6
2 .2 xl 0 5
6 .3xl0 7
3.7xl0 3

1.9xl0 8
.4xl0 7
4.3xl0 5
l.lxlO 5
8 .6 xl 0 7
6 .2 xl 0 3

1.9x10°
5. 2 xl 0 7
2. OxlO 6
1 .5xl0 5
9.4xl0 7
5. 2 xl 0 3

5.6
3.1
34.0
52.4
4.0
20.5
454.3
162.4

5.6
3.2
37.0
36.4
4.0

5.6
3.4
40.0

5.6
3.2
36.4
31.5
4.4

0.0

0.0

5.6
3.3
35.0
61.2
4.8
19.7

27.0
7.2
1.9

24.5
5.7
1.7

1

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

.2 xl 0 8
4. 6 xl 0 7
3. 2 xl 0 6
1 .2 xl 0 5
1 .3xl0 8
5. 2 xl 0 3
2

Physico-chemical
pH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

a For summary of m e thods and key,

5.6
2.9
36.0
7.3
5.3
0.0

472.8
182.1
28.0
6.9
2.0

2

see Table 3.2.

1

1

0.0

3.8

23.9

6

6.6

19.4
6.5

1.5

2.1

8.0

453.0
166.4
36.3
24.6
6.6
1.8
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TAB L E 3.24. Survey 1, summary of analysis of chilled mi n c e d lamb stored stored under m o d i f i e d atmosphere
on day of purcha s e and after storage to expiry date from supermarket D (D^, D 2 >a

Analysis
(variable)

Day of purchase

Expiry day

Sample unit

Sample unit

1

2

3

Averages

1

2

3

Averages

7.5xl0 6
7. 6 xl 0 6
8 .3xl0 4
5.3xl0 4
2 .9xl0 6
l.lxlO 4

9.OxlO 6
8.4xl0 6
1.3xl0 5
4.5xl0 4
3. 6 xl 0 6
2 .9xl0 3

9. 8 xl 0 6
9. 8 xl 0 6
1 .7xl0 5
5.7xl0 4
2 .6 xl 0 6
3.4xl0 3

.8 xl 0 6
.6 xl 0 6
1. 3xl0 5
5. 2 xl 0 4
3.OxlO 6
5.7xl0 3

.6 xl 0 8
.7xl0 8
6 .8 xl 0 5
3.7xl0 5
6 .7xl0 7
5.lxlO 3

.2 xl 0 7
4.OxlO 7
2.OxlO 5
9.4xl0 4
5.4xl0 7
<1.OxlO 2

7.5xl0 7
.OxlO 7
1 .7xl0 5
8 .5xl0 4
5.4xl0 7
<1.OxlO 2

1.OxlO 8
9. 6 xl 0 7
3.5xl0 5
1 .8 xl 0 5
5. 8 xl 0 7
1 .8 xl 0 3

5.9

5.9
3.8
27.0
145.5
73.7
15.4

5.9
3.3
30.0
137.9
70.1
14.1
433.8

5.9
3.5
31.0
52.7
9.3

5.9
4.1
31.0
86.4
27.3
20.5

6.0

4.2
28.0
98.2
35.4

5.9
3.9
30.0
79.1
24.0
17.7
492.1

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts
Physico-chemical
PH
Titrimetric acidity
ERV
Total carbohydrates
D-glucose
D-glucose- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids
Soluble proteins

5.9
3.3
32.0
140.9
72.2
12.8

10.8

4.6
1.4

a For summary of methods and key,

2.8

31.0
127.3
64.4
14.0

10.5
4.8
1.6

see Table 3.2.

11.1

4.6
1.5

8

8

1

1

11.1

8

8

21.6

0.0

0.0

6.7
10.7
4.7
1.5

10.8

11.7
4.4
1.1

11.5
5.0
1.4

12.0

5.1
1.4

11.7
4.8
1.3
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T A B L E 3.25.

Survey 2 (S2 )/ summary of analysis of chilled mi n c e d lamb stored under m o d i f i e d atmosp h e r e on day of
purchase from supermarket A (A3 )a

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

5

6

Averages

5. 6 x 1 0
3.9xl0 4
4. 2 xl 0 4
3.9xl0 3
1.5xl0 5
<1.OxlO 2

1 .5x10
9.7xl0 3
2 .5xl0 4
1 .3xl0 3
2 .3xl0 4
<1.OxlO 2

.9x10
l.lxlO 4
1 .4xl0 4
6 .7xl0 2
6 .4xl0 4
<1.OxlO 2

3. 1 x 1 0
6 .3xl0 2
4. 6 xl 0 3
4.7xl0 2
4.4xl0 3
<1.OxlO 2

3. 0 x 1 0
1 .4xl0 3
6 .7xl0 3
5.9xl0 2
3.9xl0 3
<1.OxlO 2

.4x10
.6 xl 0 4
2 .2 xl 0 4
8 .4xl0 2
6 .6 xl 0 4
< 1 .0 xl 0 2

.0 x 1 0
.5xl0 4
1 .9xl0 4
1 .3xl0 3
5. 2 xl 0 4
<1.OxlO 2

Physico-chemical
PH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

a For s u mmary of methods and key,

1

2

2

2

1

5.9

5.9

5.9

6.0

6.0

5.9

5.9

1.8

2.1

2.1

2.8

2.0

2.2

28.0
93.5

28.0
96.3

68.1

68.2

24.0
84.7
57.1

29.0
79.5
73.8

2.4
30.0
74.7
65.0

31.0
80.7
48.9

28.3
84.9
63.5
0.9

617.2
5.8

667.2
2.5

586.3

611.4
1.7

532.9
1.7

596.3

1.0

0.0

562.9
0.0

2.0
11.0

15.2
8.3

14.6
9.0

see Table 3.2.

13.2
8.4

14.3
8.3

13.3
7.9

13.2
7.4

14.0
8.2
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T A B L E 3.26.

Survey 2 (S2 ), summary of analysis of chilled mi n c e d lamb stored un d e r m o d i f i e d atmosphere on expiry day
from supermarket A (A4 >a

Sample unit
________________________________

Analysis
(variable)

Microbiological
Total viable count
Brochothrlx thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

5

6

7. 0 x 1 0
4.9xl0 6
l.lxlO 5
1 .7xl0 5
5.7xl0 7
3.3xl0 2

.1 x 1 0
.lxlO 6
1 .2 xl 0 5
2 .2 xl 0 5
7.lxlO 7
2.OxlO 2

1.3x10°
9. 8 xl 0 6
8 .lxlO 5
1 .7xl0 5
l.lxlO 8
4.4xl0 4

3.2x10°
1 .5xl0 8
1 .6 xl 0 6
2 .4xl0 5
2 .9xl0 8
9.lxlO 3

9.1x10°
2.lxlO 8
2 .4xl0 6
2 .3xl0 6
7.lxlO 8
2 .2 xl 0 2

7.3x10°
.5xl0 8
6 .lxlO 6
4.6xl0 5
5. 8 xl 0 8
1.9xl0 4

5.8
2.4
26.0
3.7
4.6

Physico-chemical
PH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

a For summary of methods and key,

8

6

5.9

6.1

5.8

5.8

2.0

2.3

2.0

2.0

29.0
70.0

21.0

34.0
5.8
21.2

26.0
4.9
5.4

5.8
2.4
28.0
7.2
32.7

1

22.0

60.2
23.4

506.1
15.9

506.1
15.0

374.2
163.7

437.6
50.9

524.5
79.3

479.4
37.6

14.6
8.5

14.0
8.5

24.5
9.5

26.6

19.9
9.6

25.9
10.5

Averages

3.7x10°
.8 xl 0 7
1.9xl0 6
5.9xl0 5
3.OxlO 8
1 .2 xl 0 4

8

5.9
2.2

27.3
5.4
16.0
0.9
0.8

see Table 3.2.

10.1

453.9
82.9
85.7
24.2
9.9

TA BLE 3.27. Survey 2 (S2 )/ summary of analysis of ch i l l e d m i n c e d lamb
stored under mod i f i e d atmosphere on the day of p u r chase from supermarket B (B3 >a

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

Averages

4. 6 xl 0 6
8 .5xl0 5
2.9xl0 4
4.lxlO 4
1 .5xl0 6
5. 6 xl 0 2

4. 6 xl 0 5
9.5xl0 5
2.lxlO 4
4.4xl0 4
2.OxlO 5
6 .6 xl 0 2

4. 6 xl 0 5
l.lxlO 6
2 .8 xl 0 4
4.5xl0 4
1.4xl0 6
5.OxlO 2

4.6x10°
9.7xl0 5
2 .6 xl 0 4
4.3xl0 4
1 .6 xl 0 6
5.7xl0 2

/•

Physico-chemical
pH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

a For summary of m e thods and key,

6.0

6.1

6.1

6.1

2.5
15.0
72.8
45.9

2.5
15.0
71.4
56.1

2.7
15.0
78.4
63.8

2.6

523.7
19.2

522.0
10.0

548.7
10.9

15.9

14.7

14.6

15.0
74.2
55.3
0.7
0.5
531.5
13.4
9.5
15.1

6.0

6.0

6.2

6.1

see Table 3.2.

TAB L E 3.28. Survey 2 (So),

summary of analysis of chi l l e d m i n c e d lamb
cL

stored under modified atmosphere on expiry day from supermarket B (B4 )

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

Averages

5. 6 xl 0 8
3. 2 xl 0 7
7.OxlO 5
3. 8 xl 0 5
1 .3xl0 8
4.OxlO 2

4. 4xl0 8
.5xl0 7
9. 8 xl 0 5
1 .3xl0 6
l.lxlO 8
6 .7xl0 2

7.3xl0 8
4. 6 xl 0 7
8 .lxlO 5
7.4xl0 5
9.3xl0 7
8 .7xl0 2

7.7xl0 8
5.7xl0 7
2 .4xl0 6
2 .2 xl 0 6
8 .5xl0 7
8 .3xl0 2

6 .3xl0 8
4.OxlO 7
1 .2 xl 0 6
1 .2 xl 0 6
1.OxlO 8
6.9xl0 2

5.7
1.9
34.0
4.2

Physico-chemical
PH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

a For summary of methods and key,

2

5.8
2.3
28.5
5.8
8.3

5.7

5.7

2.2

2.2

32.0
3.3
3.0

29.0
3.5
0.7

514.5
79.3

537.0
105.2

520.3
108.6

529.5

16.8
6.5

19.2
7.4

19.0
7.1

19.2
7.8

0.8

5.7
2.2

30.9
4.2
3.2
0.4
1.0

see Table 3.2.

101.1

525.3
98.6
45.4
18.6
7.2
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T A B L E 3.29. Survey 2 (S2 )/ summary of analysis of chilled m i n c e d lamb stored un d e r m o d i f i e d atm o s p h e r e on day of
pu r chase from supermarket C (C 3 )a

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

5

6

Averages

6.4x10°
3.3xl0 6
1 .9xl0 6
1.3xl0 4
7.7xl0 5
6 .8 xl 0 3

9.2x10°
4.9xl0 6
2 .6 xl 0 6
6 .8 xl 0 3
1 .9xl0 6
4.9xl0 3

1 .0 x 1 0
4.8xl0 6
2 .6 xl 0 6
8 .OxlO 3
2 .3xl0 6
5. 2 xl 0 3

9.6x10°
4. 7xl0 6
2 .6 xl 0 6
7.OxlO 3
2.lxlO 6
6 .OxlO 3

7.2x10°
3. 6 xl 0 6
1 .6 xl 0 6
1 .6 xl 0 4
4. 2 xl 0 5
6 .6 xl 0 3

1. 5x10
7.3xl0 6
3. 8 xl 0 6
2 .9xl0 4
3.5xl0 6
5.9xl0 3

9.6x10°
4.8xl0 6
2.5xl0 6
1 .3xl0 4
1 .8 xl 0 6
5.9xl0 3

Physico-chemical
PH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

a For summary of m e thods and key,

6.1

6.3

6.1

6.2

6.2

6.2

6.2

2.9

2.8

2.8

2.8

3.3

2.9

2.9

22.0

23.0
77.4
24.0

17.0
58.4
15.1

22.0

20.0

20.0

48.9

16.0
60.2
15.7

75.1
39.5

65.6
16.6

637.3

473.6

0.0

0.0

579.6
3.3

472.7
6.7

511.1
4.2

497.8
1.7

16.3
9.6

14.4
7.2

17.2
9.4

13.4
7.4

13.7
7.6

13.5
7.6

70.9
26.6
5.1
0.5
528.7
2.7
7.7
14.8

88.6

see Table 3.2.

8.1

T AB L E 3.30. Survey 2 (S2 ), summary of analysis of c h illed m i n c e d lamb
stored unde r m o d i f i e d atmosphere on expiry day from supermarket C (C4 )a

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

5

Averages

.1 x 1 0
.7xl0 8
2.OxlO 7
2 .2 xl 0 5
1 .7xl0 7
2 .5xl0 4

3.3x10
2 .5xl0 8
2 .5xl0 7
3. 6 xl 0 5
3.5xl0 7
1 .9xl0 4

9. 6 x 1 0
6 .9xl0 8
8 .OxlO 7
l.lxlO 6
8 .4xl0 7
2 .2 xl 0 4

4. 2 x 1 0
3. 2 xl 0 8
4. 8 xl 0 7
1 .8 xl 0 6
9. 6 xl 0 6
2 .6 xl 0 4

6.9x10
4. 8 xl 0 8
5. 2 xl 0 7
4.3xl0 5
7.5xl0 7
2 .3xl0 4

5.2x10s
3. 8 xl 0 8
4. 5xl0 7
7. 8 xl 0 5
4.4xl0 7
2 .3xl0 4

2

Physico-chemical
pH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Anynonia
Total amino acids

a For summary of methods and key,

1

6.2

6.1

6.2

6.2

6.2

6.2

3.1

3.2
18.0
5.1
1.9

2.9

3.2

3.1

20.0

22.0

21.0

6.5
29.6

3.0
23.0
5.8
21.7

8.4
12.7

4.2
5.9

489.4
11.7

445.2
34.2

380.9
40.1

419.3
35.9

407.6
15.9

16.9
7.8

16.6
7.3

20.8

19.8

7.6

8.0

19.5
7.9

22.0

6.0

14.4
2.9
0.8

see Table 3.2.

428.5
27.6
43.4
18.7
7.7
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Z A B L E 3.31.

Survey 2 (S 2 )* summary of analysis of chilled mi n c e d lamb stored u n d e r m o d i f i e d a t m o sphere o n day of purchase
from supermarket D (D3 >a

Sample unit
Analysis
(variable)
2

3

4

5.9x10
.5xl0 7
3. 6 xl 0 7
1 .5xl0 4
2 .5xl0 7
3.9xl0 3

4. 7x10
1 .5xl0 7
2 .7xl0 7
2 .3xl0 4
2 .2 xl 0 7
6 .lxlO 3

5.7x10
l.lxlO 7
4. 8 xl 0 7
2 .5xl0 4
2 .5xl0 7
7.7xl0 3

1

5

6

6.3x10'
.2 xl 0 7
3.3xl0 7
4. 8 xl 0 4
3. 2 xl 0 7
7. 8 xl 0 3

3.9x10'
3. 2 xl 0 6
8 .2 xl 0 5
4. 2 xl 0 4
5.4xl0 7
1 .5xl0 4

Averages(1, 6 )Averages(2-5)

Microbiological
Total viable count
5.9x10
Brochothrix thermosphacta3.9x10
Pseudomonads
7. 8 x 1 0
Enterobacteriaceae
3.5xl0 4
Lactic acid bacteria
6 .2 xl 0 7
Yeasts
2 .5xl0 4

1

2

4.9x10'
3. 6 xl 0 6
8 .OxlO 5
3.9xl0 4
5. 8 xl 0 7
2.OxlO 4

5.7x10'
1 .6 xl 0 7
3.4xl0 7
2 .8 xl 0 4
2 .6 xl 0 7
6 .4xl0 3

Physico-chemical
pH
Titrimetric acidity
ERV

D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

5.9

6.0

6.0

6.0

2.2

2.1

2.2

26.0
79.8
72.5

26.0
29.3
63.0

2.3
24.5
32.6
75.9

25.0
29.8
70.3

5.9
2.3
28.0
25.6
69.1

541.2
22.6

502.8
10.9

534.5
17.5

509.5
17.5

514.5
18.4

12.4

13.4

13.9

6.8

6.1

6.1

13.2
5.9

13.4
6.5

a For summary of methods and key,

see Table 3.2.

5.9

5.9

6.0

2.2

2.2

2.2

28.5
84.4
79.2

568.8

27.3
82.1
75.9
0.9
1.5
555.0

22.6

22.6

13.2
6.5

12.8

25.9
29.3
69.6
41.8
1.3
515.3
16.1
6.3
13.5

6.7

6.2

208
T A B L E 3.32.

Survey 2 (S 2 )/ summary of analysis of chilled mi n c e d lamb stored u n d e r m o d i f i e d a tmosphere on expiry day from
supermarket D (D4 )a

Sample unit
Analysis
(variable)
1

2

3

4

5

6

3.3x10°
1 .3xl0 7
1 .3xl0 5
5. 2 xl 0 4
5.7xl0 8
4.lxlO 4

4.4x10°
1. 4xl0 7
2. OxlO 6
1. 3xl0 5
5.4xl0 8
5. lxlO 4

4.4x10°
1 .3xl0 7
2 .3xl0 6
6 .4xl0 4
3. 8 xl 0 8
4.OxlO 4

3.5x10°
l.lxlO 7
1 .2 xl 0 6
4.5xl0 4
3. 2 xl 0 8
8.4xl0 4

7.2x10°
1 .2 xl 0 8
1 .9xl0 8
1 .6 xl 0 5
6 .7xl0 8
9. 2 xl 0 3

5.7

5.7
2.4
39.0
4.4
30.8

55.0
5.1
26.4

Averages(1, 6 )Averages(2-5)

Microbiological
Total viable count
5.6x10°
Brochothrix thermosphacta1.1x10
Pseudomonads
1.7x10°
Enterobacteriaceae
1 .6 xl 0 5
Lactic acid bacteria
6 .8 xl 0 8
Yeasts
5.5xl0 3

6.4x10°
.2 xl 0 8
1 .8 xl 0 8
1 .6 xl 0 5
6 .8 xl 0 8
7.4xl0 3
1

3.9x10°
1. 3xl0 7
1.7xl0S
7. 3xl0 4
4.5xl0 8
5.4xl0 4

Physico-chemical
pH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

6

.2 - 6 . 0

5.7

1.6

31.0
3.3
26.1

38.0
4.7
31.2

5.7
2.5
36.0
4.0
26.6

349.9
126.1

390.9
178.7

425.1
213.0

428.5
204.6

427.6
211.3

385.0
160.4

367.5
143.3

22.8

14.2
6.4

15.9
7.0

15.4
7.0

15.3
7.1

29.7
7.5

26.3
7.0

2.6

6

.2 - 6 . 0
3.8
27.0
6.3
10.5

.2 - 6 . 0
3.3
29.0
4.8
18.3
2.9

2.8

6

1.8

6.5

a For summary of m e thods and key,

see Table 3.2.

5.7
2.3
42.0
4.6
28.8
0.5
1.5
418.0
201.9
51.4
15.2
6.9

T A B L E 3.33. Survey 2 (S2 ), summary of analysis of ch i ll e d m i n c e d lamb
stored und e r m o di f i e d atmosphere on the day of pur c h a s e from supermarket E (E3 )a

Sample unit
Analysis
(variable)
1

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

2

3

4

Averages

9.OxlO 6
5.2xl0 4
2 .2 xl 0 5
3.7xl0 3
6 .9xl0 6
1.OxlO 3

1.OxlO 7
4.6xl0 4
1 .7xl0 5
6 .9xl0 3
7.1xl0 6
4.OxlO 2

l.OxlO 7
3.7xl0 4
4.8xl0 5
3.OxlO 3
7.0xl0S
9.OxlO 2

9.5x10°
4.6xl0 4
2 .8 xl 0 5
4.4xl0 3
7.3xl0 6
8 .OxlO 2

/■

9.0x10°
4.9xl0 4
2 .4xl0 5
4.lxlO 3
8 .2 xl 0 6
9.OxlO 2

Physico-chemical
pH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

a For summary of m e t h o d s and key,

gr

6.2

6.2

6.2

6.2

6.2

3.4
17.0
138.4
17.4

3.6
14.0
116.5
16.1

3.3
15.0
118.6
14.7

3.5
16.0
115.1
15.1

3.5
15.5
122.2

15.8
1.8

588.0
1.7

527.8
5.8

517.0
4.2

513.6
4.2

16.2

15.2
9.6

14.9
9.5

14.7
9.5

10.8

see Table 3.2.

0.3
536.6
4.0
12.4
15.3
9.9

TABLE 3.34. Survey 2 (So), summary of analysis of chilled minced lamb
^
a
stored under modified atmosphere on expiry day from supermarket E (E4 )

Sample unit
Analysis
(variable)

Microbiological
Total viable count
Brochothrix thermosphacta
Pseudomonads
Enterobacteriaceae
Lactic acid bacteria
Yeasts

1

2

3

4

5

Averages

5.9x10
1 .2 xl 0 6
2.4xl0 5
4.9xl0 4
5.9xl0 8
8 .OxlO 2

1 .0 x 1 0
4. 6 xl 0 6
6 .5xl0 5
2 .7xl0 4
l.lxlO 9
2 .2 xl 0 3

9. 0 x 1 0
1 .9xl0 6
6 .4xl0 5
7.5xl0 4
9.5xl0 8
2 .6 xl 0 3

5. 1 x 1 0
.7xl0 6
1 .2 xl 0 5
2 .4xl0 4
9.OxlO 8
1 .3xl0 4

.9x10
.3xl0 6
5. 6 xl 0 5
6 .OxlO 4
8 .OxlO 8
2 .5xl0 3

7.4x10
3.3xl0 6
6 .6 xl 0 5
4.7xl0 4
8.7xl0 8
4.2xl0 3

6.0

6.0

3.2
23.0
6.5
13.0

3.6

5.9
3.9
22.5
5.6
5.2

5.9
3.5
30.0
3.0
1.7

5.9
3.9
27.0
3.5
7.6

5.9
3.6
24.9
4.8
7.4

Physico-chemical
pH
Titrimetric acidity
ERV
D-glucose
D-glucose- 6 -phosphate
D-gluconate
D-gluconate- 6 -phosphate
L-lactic acid
D-lactic acid
Acetic acid
Ammonia
Total amino acids

a For summary of m e thods and key,

22.0

5.6
9.3

2

6
6

0.2

517.0
39.3

494.4
70.2

466.9
97.7

492.8

19.4
9.9

22.1

21.9

10.3

10.6

23.3
11.4

see Table 3.2.

100.2

543.7
111.9

1.3
503.0
83.9
75.0

24.5

22.2

12.6

11.0
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I dentification scheme and d i f f e r e n t i a t i o n of Pseudomonas

T A B L E 3.35.

Test

Reaction

1.

negative

Gram stain

2. Oxidase test

positive

3. Oxidative metabolismpositive
of glucose
II. Differentiation of
Pseudomonas—
Characteristic

P. lundensis

P.

fragi P. fluorescens

+

-

(+)

+

-

-

(+)

+

Creatine

(+)

+

-

Deoxycholate

(+)

+

-

D-Glucuronate

-

+

D

4-Hydroxybenzonate

-

+

+

Hydroxy-L-proline

+

(+)

Inosine

+

+

-

+

Malonate

-

+

D-Mannitol

V

+

Acid from maltose
Assimilation of:
D-Arabinose
DL-Carnnitine

+

meso-Inositol

Mucate

-

+

+

D-Quinate

-

+

+

D-Saccharate

+

D

D-Xylose

+

D

a

„

j

---------

.. ..

____
3

x ------- '

+, 90% to 100% of the strains are positive; (+ ), 75 to 89% of the
strains are positive; v, 26 to 74% of the strains are positive;
0
to 1 0 % of the strains are positive; D, the percentage of positive
strains differs between biovars.
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TABLE 3.36. Identification of pseudomonad isolates from CFC selective medium
I . Supermarkets

A

Pseudomonas

B

No.

%

C

D

Total

No.

%

No.

%

No

%

No.

%

fragi

11

27. 5

30

53.6

31

54.4

16

48.5

88

47.3

fluorescens

14

35.0

22

39.3

23

40.3

12

36.3

71

38.2

lundensis

15

37.5

15.2

27

14.5

40

100

100

186

Total

4

7.1

3

5.3

5

56

100

57

100

33

II. Butchers shops

III. Meat preparation factories

Pseudomonas

No.

%

No.

%

fragi

78

65.6

144

59.8

fluorescens

33

27.5

86

35.7

8

6.7

11

4.5

119

100

241

100

lundensis
Total

100
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TABLE 3.37. Incidence of fluorescent pseudomonads in meat preparation
areas

Incidence
of fluorescent pseudomonads

Site

No.samples

High

Low

Absent

Floor

7

2

5

0

8

3

5

0

10

0

7

3

conveyor belts, sieve

5

4

1

0

Trays and bins

8

4

2

2

Meat washer

1

0

1

0

Meat-swabs of

7

2

1

4

Total

46

15

22

9

Percentage

100.0

32.6

47.8

19.6

Boning tablesStainless steel,
Plastic
Meat mincer and
shredder
Mixing equipment

Key: High incidence:percentage of fluorescent pseudomonads >50%.
Low

incidence:percentage of fluorescent pseudomonads <50%.
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TABLE 3.38. Morphological and physiological characteristics used for separation and grouping of the isolates
obtained from a survey of minced lamb packaged under a high - 0 2 modified atmosphere at chill temperature
group

I Leuconostocs

II Lactococci

Gram stain
reaction and catalase
cell morphology

15 °C

Gram-positive
spherical cocci
in pairs and
short chains

+

Gram-positive
Ovoid cells
in pairs and
short chains

+

Gram-positive
Long straight
rods in chains

gas from
glucosea

ammonia
from
arginine

growth on
acetate
agarb

final pH in
a modified
MRS brothc

+

-

+

3.9-4.0

45 °C

4.2

+

III Carnobacteria Gram-positive
Rods straight,
slender singly,
in pairs and
short chains
IV Brochothrix

growth at

+/_e

+

—

—

a in Gibson milk agar.
b (pH 5.4).
MRS with acetate and citrate omitted as described in Materials and Methods.
^ +, positive; -, negative.
e Depends on the medium and temperature (Davidson and Hartree 1968).

4.6

4.5
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TABLE 3.39. Diagnostic Characteristics used for differentiating species
belonging to Leuco .nostoc spp.

Characteristic
(acid produced from)

Leuconostoc
mesenteroides
subsp. mesen
teroides

Leuco
nostoc
gelidum

Leuco
nostoc
carnosum

L-arabinose

+

+

-

Arbutin

d

+

-

Fructose

+

+

+

Galactose

+

-

-

Maltose

+

d

d

Salicin

d

+

-

Sucrose

+

+

+

Trehalose

+

+

+

Xylose

d

+

-

+ , 90% or more of the strains positive;
90% or more of the
strains negative; d, 11 to 89% of the strains positive. Data
adapted from Shaw and Harding (1989) and Collins et a l .
(1993) .
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TABLE 3.40. Diagnostic Characteristics used for
differentiating species belonging to Carnojbacterium spp. and
Lactococcus s p p .

Table 3.41. Diagnostic Characteristics used
for Lactococcus

Characteristic
Characteristic

Carnobacterium
plscicola

Carnobacterium
dlvergens

Lactococcus
rafflnolactls

(acid produced from)
(acid produced from)
Mannitol

+

-

Ribose

+

+

Sorbitol

-

-

Raffinose

-

-

Melibiose

+

-

Maltose

+

+

Sucrose

+

+

Trehalose

+

+

Inulin

+

-

L-arabinose

-

-

+ , 90% or more of the strains positive; -, 90% or more of the
strains negative; d, 11 to 89% of the strains positive. Data
compiled from Holzapfel and Gerber (1983), Shaw and Harding
(1985), Schillinger and Lucke (1987a, 1987b), Collins et al.
(1987), Monte1 et al. (1991).

Mannitol

+

Ribose

-( + )

Sorbitol

+

Raffinose

+

Melibiose

+

Maltose

+

Sucrose

-

Trehalose

+

Inulin

+

L-arabinose

-

+, positive; -, negative; -^ + ^, most
strains negative but occasional strains
positive. Data compiled from Schleifer et
al. (1985), Schillinger and Lucke (1987a,
1987b) and Mundt (1986).
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T A BL E 3.42

Supermarket

. Summary of identification of lactic acid b a c teria

Carnobacterlum

Leuconostoc

Lactococcus Brochothrix

A

17 (28.3)a

19 (31.7)

21 (35.0)

3 (5.0)

B

22 (36.7)

11

(18.3)

26 (43.3)

1

(1.7)

C

49 (81.7)

11

(18.3)

0

(0.0)

0

(0.0)

D

7 (11.7)

48 (80.0)

3 (5.0)

2

(3.3)

E

47 (78.3)

13 (21.7)

0

0

(0.0)

(0.0)

Species
Supermarket

Carno
bacterium.
piscicola

C.
divergens

Leuconostoc
L.
mesenteroides gelidum
subsp.
mesenteroides

L.
carnosum

Lactococcus
Brochothrix
rafflnolactls thermosphacta

A

11 (18.3)

6

(10.0)

16 (26.7)

3 (5.0)

0

(0.0)

21 (35.0)

3 (5.0)

B

13 (21.7)

9 (15.0)

11 (18.3)

0

(0.0)

0

(0.0)

26 (^3. 3)

1 (1.7)

C

13 (21.7)

36 (60.0)

3 (5.0)

8

(13.3)

0

(0.0)

0

0

D

2 (3.3)

5 (8.3)

46 (76.7)

1 (1.7)

1 (1.7)

3 (5.0)

2 (3.3)

E

44 (73.3)

3 (5.0)

12

1 (1.7)

0

0

0

“ Numbers (percentage) isolates per supermaket.
media.

(20.0)

(0.0)

(0.0)

(0.0)

(0.0)

(0.0)

Isolates were obtained from MRS and/or with supermarket B from PCA
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CHAPTER 4. STUDIES WITH MODEL ECOSYSTEMS

I. Introduction
This part of the study investigated further and in greater
detail the changes, both microbiological and chemical,
which had been observed during the

storage of minced lamb.

The major objective was to identify a cause and effect
relationship between these two in the natural ecosystems.
The basic plan was to use a meat juice in order to model
the nutritional dimension of the ecosystem. In addition a
modification of the gaseous environment was explored in
some cases. All but one of the bacterial strains selected
to grow in the model ecosystem as axenic and/or xenic
cultures had been isolated from mature populations in
minced lamb. The exception, Hafnia alvei, had been isolated
by someone else (Lynn Stanbridge) from meat stored in a
modified atmosphere. At the outset of the studies the focus
was on the phenotypic properties of pseudomonads under
aerobic conditions. The overall objective of this phase of
the study was to identify attributes that favour the growth
of P. fragi over that of P. fluorescens and P. lundensis.
The results and discussion of this part of the study are
presented in part A of this Section. In a later phase the
effort was concentrated on a study of the overall
phenotypic characteristics when different Gram-positive and
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Gram-negative bacteria were inoculated in the model system.
The results and discussion of this part of the study are
presented in part B of this Section. It should be stressed
that this part of the study did not investigate
physiological attributes of the strains sensu strictu.
Instead, an attempt was made to observe emergent properties
from the interaction of the species and to compare and
subsequently to discuss these with those observed during
the development of the natural ecosystems presented in
Chapter 3. As an epilogue a study of the interaction of an
"autochthonous" population with a pathogen, Listeria
monocytogenes, was made.

II. Part A. Phenotypic properties of meat pseudomonads
Representative strains of the three meat-associated species
of Pseudomonas, fragi, fluorescens and lundensis, were used
in studies of the following:
1. Growth rates in (i) casamino acid medium containing Dglucose, DL-lactate or a combination of the two, or (ii) a
meat juice medium.
2. Substrate utilization in a meat juice medium.

A. Growth rates
The results of five experiments are summarised in Table
4.1. In a casamino acids medium containing D-glucose, the
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generation time of P. fragi at 20 °C was less than those of
the two strains of P. fluorescens but slightly longer than
that of P. lundensis. With casamino acids and DL-lactate at
this temperature, the generation time of P. fragi was less
than that of the other organisms. When D-glucose and DLlactic acid were present in the casamino acid medium, the
growth rates of both P. fragi and P. lundensis were shorter
than those of the two strains of P. fluorescens. With meat
extract and incubation at 4 °C, the generation time of P.
fragi was shorter than those of the other two species. At
20 °C, however, P. fragi and P. lundensis both had
generation times shorter than those of the two strains of
P. fluorescens. It was concluded, therefore, that although
the generation times were different, only a slight
difference would be an advantage/disadvantage to organisms
growing in minced lamb during storage at 4 °C. Hence it
would appear that the rate of growth of P. fragi as
expressed in meat juice may well be an attribute that
contributes to the organism's numerical dominance in stored
minced lamb.
Additional studies which sought to identify reasons
for the competitive advantage of P. fragi over P.
fluorescens and P. lundensis were done, namely the rate of
glucose uptake and oxygen affinity. The results are
presented in Chapter 5.

B. Substrate utilization in meat juice at 4 °C
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Two experiments were done, both at 4 °C. As identical
results were obtained those discussed in this section came
from the second experiment. These exemplify the changes
that were observed overall. Three species of Pseudomonas
were used, P. fragi, P. lundensis, and P. fluorescens one
strain of which forms an appreciable amount of D-gluconate
from D-glucose and another which did not. All species were
studied in pure culture and two, P. fragi and the
gluconate-producing (glc+) strain of P. fluorescens, were
used as a combined inoculum. Growth characteristics of the
organisms in meat extract at 4 °C are shown in Fig. 4.1.
With pure cultures, it is apparent that P. fragi, which was
inoculated in the smallest numbers, had formed the largest
populations by day 3 of incubation, a state that persisted
until the end of the experiment (120 h). A combined
inoculum of P. fragi and P. fluorescens (glc+) behaved in a
similar manner. If the size of the climax populations are
considered then it is apparent that P. lundensis and the
gluconate-producing P. fluorescens formed the smallest
populations.
Measurements (Fig. 4.2) of the pH did not distinguish
between the three species of Pseudomonas or the combination
of P. fragi and P. fluorescens until the 60th hour of
incubation. At that time the growth of P. fragi, either
alone or together with P. fluorescens (glc+), was
associated with a pH drift towards neutrality. This trend
was accentuated thereafter such that the final pH of a
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culture was ca. 6.9. A less pronounced drift was observed
with the pure cultures of both strains of P. fluorescens
and P. lundensis, the final pH being in the range 6.4-6.6.
The trends in D-glucose utilisation are shown in Fig.
4.3. Apart from the P. fluorescens (glc-), the growth of
the ether species as well as the P. fragi/P. fluorescens
(glc+) combination was associated with a marked depletion
of D-glucose in the period 36 to 50 h. A level of D-glucose
of <5 mg/dl persisted for the remainder of the experiment.
This may be an artefact associated with the analytical
o{

procedure. With the exception, the rapid drop in D-glucose
concentration occurred in the 72-96 h of incubation. During
the time of rapid glucose catabolism, there was a transient
but pronounced production of D-gluconate (Fig. 4.4). Again,
however, the glc- strain of P. fluorescens was an
exception; it produced only small amounts of D-gluconate
vis a vis the other organisms and the peak in concentration
was several hours after that of the other species. It was
notable that the concentration of D-gluconate-6-phosphate
began to increase but only in cultures of P. lundensis, P.
fragi and the P. fragi/P. fluorescens (glc+) combination
from about 72-80 h onwards (Fig. 4.6). In other words, this
increase followed the depletion of D-gluconate. When the
results for D-gluconate-6-phosphate production are compared
with changes in the D-glucose-6-phosphate concentration
(Fig. 4.5), then it can be concluded that the former is
produced from the latter. When the changes in the
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concentration of glucose and related substrates are
considered alongside the growth curves (Figs. 4.7-4.11),
then it is evident that the decline in D-glucose
concentration and the transient peak in D-gluconate
occurred during the middle part of the log phase of growth.
As changes in the concentration of D-glucose-6-phosphate
and D-gluconate-6-phosphate occurred, if at all, during the
stationary phase, it would appear that both may contribute
to the energy metabolism for the maintenance rather than
growth of the species other than P. fluorescens.
The changes in the concentration of L-lactate are
summarised in Fig. 4.12. There was no appreciable change in
L-lactate concentration until after ca. 50 h of incubation.
At this time there was a precipitous decline in
concentration over a 24-hour period. During this period
also there was production of pyruvate (Fig. 4.13), this
trend being most marked with pure cultures of P.
flourescens and the P. fragiIP, fluorescent (glc+)
combination. When the results of L-lactate catabolism were
considered in the context of the growth phase of the
organisms (Fig. 4.14), then it is evident that catabolism
of this substrate -as well as the transient accumulation of
pyruvate- occurred towards the end of the log phase of
growth. In other words, L-lactate was used when glucose in
the meat juice had been almost exhausted. In a separate
experiment, an iso-molecular ratio of D- and L- lactate
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were added to a casamino acid medium. Both isomers were
catabolised simultaneously (Fig. 4.15).
Ammonia production (Fig. 4.16) was not detected until
after 72 h of incubation. At 96 and 120 h, ammonia
production was a pronounced feature in cultures of P. fragi
arid the P. fragi/P. fluorescens (glc+) combination. It was
less so with P. lundensis. The two strains of P.
fluorescens growing in axenic cultures did not produce
ammonia. Of the possible sources of ammonia in meat juice,
the results suggest that creatine (Fig. 4.18) and
creatinine (Fig. 4.19) were of major importance . Indeed
their catabolism by P. fragi and P. fragi/P. fluorescens
combination (Fig. 4.18) appeared to have been the principal
cause of ammonia production (Fig. 4.16).
The concentration of amino acids (Fig. 4.17), another
potential source of ammonia, did not change appreciably
until after ca. 80 h incubation. From that time onwards a
marked increase in concentration was a feature of P. fragi
and P. fragi/P. fluorescens combination. As ninhydrin is a
relatively unspecific reagent, one cannot draw conclusions
from this other than that some species of Pseudomonas are
more capable than others in metabolism of nitrogenous
substrates.
Figures 4.20-4.24 summarise the results obtained from
analyses for creatine and creatinine catabolism, ammonia
production, pH changes, the growth of the organisms and,
with some organisms, amino acid catabolism. It is evident
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that when changes in the concentrations of these substrates
occurred, they did so towards the end of the exponential
and the beginning of the stationary phase of growth of the
organisms.
In summary, the above evidence has shown that triauxic
growth (sensu lato) was a feature of the majority of
Pseudomonas spp. growing in meat juice at 4 °C. D-glucose
provided energy for growth initially and, when exhausted,
L-, D-lactate was used until the culture was at the end of
the exponential and/or beginning of the stationary phase of
growth. During this latter period, nitrogenous compounds
were catabolised with negligible benefit to biomass
production as judged by the final viable counts (Figs.
4.25-4.29). The gluconate-negative strain of P. fluorescens
was an exception in that there was a concurrent utilization
of D-glucose and L-lactate (Fig. 4.28).
On two occasions the sterile filtrates of cultures in
meat juice that had supported growth of pseudomonads to the
stationary phase were supplemented with D-glucose and DLlactate or D-glucose and DL-lactate alone and inoculated
with P. fragi and/or P. fluorescens. It was found that,
with incubation at 4 °C, the organisms grew in the "old”
unsupplemented culture medium but not to the same extent as
in culture filtrates supplemented with DL-lactate and Dglucose (Fig. 4.30). The same trend was evident with P.
fluorescens growing in an unsupplemented culture filtrate
(Fig. 4.31). This evidence shows that residual nitrogenous
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compounds in meat juice from which D-glucose and L-lactate
have been removed by prior microbial growth was still
sufficient in amount to support appreciable growth. In
addition, it was obvious that there was no inhibitory
effect due to the previous growth of P. fragi. Another
observation was the clear demonstration of diauxie when the
cultures were grown in this meat juice (Fig. 4.30 and
4.31). The turning point in the exponential phase of growth
corresponds to a ratio of 1:4 of D-glucose and DL-lactate
in the meat juice.
The phenotypic properties of P. fragi were also
studied in a meat juice in which the atmosphere was
enriched with carbon dioxide at the outset. Results of this
experiment and the aerobic control are shown in Figs. 4.324.39. In the aerobic control trends akin to those discussed
earlier were observed. With the amended atmosphere a lower
level in the size of the climax population was found,
together with a slower rate of L-lactate catabolism, an
inability to catabolise creatine and creatinine and to
oxidise glucose-6-phosphate. This observation supports a
previous conclusion, namely that these substrates
contributed mainly to biomass maintenance. In these
experiments the protracted incubation of the ecosystem
revealed two interesting facts. The alkalinization of the
ecosystem ceased at pH 7.1 and a dramatic acidification to
pH 5.5 followed (Fig. 4.37) as a consequence of the
conversion of glucose-6-phosphate to gluconate-6-phosphate
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(Fig. 4.33). These differences in the population size and
the pH values of the ecosystems are shown in Figs. 4.36 and
4.37. Their importance will be discussed later.

C. Discussion
Up and until now studies with Pseudomonads associated with
meat ecosystems have not been comprehensive in the sense
that they have not investigated the many aspects considered
in this study. The most pertinent investigation was that of
Molin (1985) who studied the catabolism of mixed carbon
sources by P. fragi at 20 °C in a synthetic medium with
populations ranging from 1.4x10

Q

to 10

Q

c.f.u./ml. The

results (summarised in Table 4.2) of the present study
confirm and extend those of Molin (1985) and offer a more
detailed overview of the changes that occur in meat
ecosystems. Three features are worthy of discussion: (i),
the two successive peaks of D-gluconate and pyruvate
associated with the catabolism of D-glucose and DL-lactate
respectively and the behaviour of a strain of Pseudomonas
fluorescens unable to oxidise extracellularly D-glucose to
D-gluconate; (ii) , the inability of Pseudomonas to
catabolise D-glucose-6-phosphate but the oxidation of this
substrate under aerobic conditions in the stationary phase
of growth with a concomitant decrease of the pH of the
culture; and (iii), the strict relationship of the
creatine-creatinine catabolism with the release of ammonia
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and its sequel, an increase in the pH of the ecosystem
under aerobic conditions. The above themes are clearly
distinguishable in terms of their occurrence in the model
ecosystems. These were reflected also in the observations
occurring in the meat samples discussed in Chapter 3. The
first was observed during the development of the
population, the second, the creatine-creatinine catabolism
following the turning point between development and steady
state in the biomass and the third during the steady phase
of the population. It seems that these "secondary”
metabolic activities offer the energy required for the
maintenance of the population. Species able to perform the
former catabolism will become the climax ones. In the
following discussion the order is dictated by the
occurrence of change in the system.
Firstly, the sequential use of D-glucose and L-lactate
will be examined. As noted in the Literature Review (pp.
17), this topic has not been elucidated conclusively. The
results of this study support

the concept of diauxie

growth, in other words the sequential utilization of Dglucose and L-lactate by pseudomonads. Both under aerobic
and modified atmosphere conditions, glucose appeared to
have been catabolised preferentially to lactic acid. This
was demonstrated also when the populations were grown in a
meat juice which had been used in previous experiments and
supplemented with D-glucose and/or DL-lactate. On this
occasion the medium was less abundant in the appropriate
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nutrients, this resulted in a temporary shift following the
exhaustion of the first substrate, D-glucose. A sequel to
the observed order was the two transient peaks in the
concentration of D-gluconate and pyruvate. The oxidation of
D-glucose to D-gluconate by Pseudomonas is well documented.
The present observations confirm the findings of others
(Farber and Idziak 1982, Nychas 1984, Nychas and Arkoudelos
1990). They observed a transient accumulation of Dgluconate in the meat ecosystem when Pseudomonas was the
dominant part of a population. This theme was discussed in
detail (Nychas 1984, Nychas et al. 1988) in the context
that it may contribute to the competitive advantage of
these organisms in the ecosystem. However, the inability of
a fluorescent strain to oxidise glucose to gluconate offers
an alternative view. The results of this study (Fig. 4.10)
confirm those of Eisenberg et al. (1974) that oxidation of
glucose was not a prerequisite for the metabolism of the
substrate. In addition, the simultaneous catabolism of
lactate by P. fluorescens (glc-) provides evidence that
glucose dehydrogenase is essential for the repression of
lactate catabolism.
The subsequent catabolism of L- and D-lactic acid and
the concomitant accumulation of pyruvate confirms and
extends the observations of Matin and Konings (1973). They
observed that a Pseudomonas sp. had a common transport
system for both isomers. In addition they found that lactic
acid was converted to pyruvate during transport by a
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membrane-bound lactate dehydrogenase. This resulted in the
accumulation of pyruvate in the transport assay medium.
They stated also that this conversion follows and was not a
prerequisite for the transport of the substrate. The
absence, therefore, of a stereo-specific transport system
and the utilization of racemic DL-lactate resulted in the
concomitant decrease of both stereo-isomers in this study,
a process that was accompanied by the transient
accumulation of pyruvate in the ecosystem. It was also
observed (Figs. 4.3 4 and 4.35) that lactate was catabolised
at a lower rate under a modified vis a vis an aerobic
atmosphere. As Kluyver (1956) has noted in another context
"the production of lactate dehydrogenase proceeds rapidly
under aerobic, but only tardily under anaerobic,
conditions". In the knowledge of the author, these
observations in relation to Pseudomonas spp. associated
with meat ecosystems and catabolism of L- and D-lactate are
reported for first time. This observation has another
consequence also. When D-lactate is produced de novo by
leuconostocs in meat, it is anticipated that the decrease
of this substrate will be proportional to that of Llactate, because both inhibit

each other*s transport. It

is also anticipated that a retardation of the catabolism of
this substrate will occur under a modified atmosphere
environment.
The inability of Pseudomonas to catabolise D-glucose6-phosphate but the oxidation of this substrate under
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aerobic conditions in the stationary phase of growth with a
concomitant decrease of the pH of the culture is another
important observation. This was demonstrated when the
sampling of the ecosystem was extended to the advanced
stationary phase of growth. Gill (1986) also noted that
Pseudomonas are unable to catabolise this substrate under
either aerobic or anaerobic conditions. This study extends
and modifies his findings with the demonstration of
oxidation of this substrate by P. fragi under aerobic
conditions only. Mitchell and Dawes (1982) showed the
important role of oxygen in the regulation of the direct
oxidative pathway in the catabolism of D-glucose by P.
aeruginosa. The authors stated that under oxygen limitation
conditions the organisms do not operate this pathway.
Nychas (1984) noted that under carbon dioxide there was a
decrease in glucose dehydrogenase and gluconate
dehydrogenase activities. The author proposed that this was
a possible mode of action of carbon dioxide in the
inhibition of Pseudomonas. The inability of P. fragi to
oxidise D-glucose-6-phosphate to D-gluconate-6-phosphate in
a modified atmosphere is a parallel and analogous
phenomenon. Two issues emerged from this observation. First
the dramatic fall in pH value due to 0-gluconate-6phosphate and the role of this oxidation as a source of
maintenance energy. Second the incompetence of Pseudomonas
in xenic ecosystems. With the first, it has been
demonstrated that oxidation of glucose to gluconate
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extracellularly is linked with a pyrrolo-quinoline quinonedependent glucose dehydrogenase (PQQ-GDH) resulting in
energy transduction by electron transfer (Van Schie et al.
1985). It could be speculated that this process might occur
with D-glucose-6-phosphate also. The second topic is that
glucose-6-phosphate can be used by members of the Grampositive or other Gram-negative flora (Gill 1986) and, in
addition to the inhibition by an enriched CO2 atmosphere,
this results in the suppression of the pseudomonads flora.
This will be discussed later.
Before proceeding to the last point of this
discussion, the biological role of amino acids needs to be
considered. These are used only for the biosynthesis of
proteins when carbohydrates are present but are used as
energy and carbon sources when carbohydrates are exhausted
from the medium (Stryer 1988). Thus, anabolism of amino
acids is to be expected during the catabolism of the
carbohydrates to meet the needs of a population for
synthetic blocks (Mandelstam, McQuillen and Dawes 1983).
Therefore, amino acids have the role of "ancillary carbon
substrates" when the main ones, namely carbohydrates, are
exhausted (Mandelstam et al, 1983). In this conceptual
framework, the strict relationship of the creatinecreatinine catabolism with the release of ammonia and its
sequel, an increase of pH of the ecosystem under aerobic
conditions, will be discussed. Indeed, when carbohydrates
(including lactate) are exhausted the role of creatine-
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creatinine as catabolizable ancillary carbon and energy
sources comes into play in the meat ecosystem. In the
present study this role was emphasised due to the
concentration (Table 1.3) of this substrate in the
ecosystem and it demonstrated the inextricably linked
production of ammonia with the catabolism of these
substrates. Although the catabolism of creatine was noted
by Molin (1985), the present study has presented it for
first time in a context of the evolution of the meat
ecosystem. The other point that emerged was the inability
of P. fluorescens and P. lundensis to catabolise these
substrates. This was noted as a phenotypic feature in
classification studies (Banks and Board 1983). However, its
contribution to the competence of P. fragi in an aerobic
meat ecosystem is reported for first time in this Thesis.
It was notable that P. fragi was unable to catabolise
creatine and creatinine in a modified atmosphere model
system. Thus the "spoilage potential" of these micro
organism in the latter case is less than under aerobic
conditions. The inhibition of the versatility of
Pseudomonas to catabolise different organic substrates in
meat ecosystems stored under modified atmosphere could be
offered as another mode of action of carbon dioxide against
these taxa.
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III. Part B. Phenotypic properties of xenic cultures
As noted in the Introduction to this phase of the study,
efforts were made to "identify" principal catabolic
processes that occurred in natural ecosystems and the
causative organisms. The problem was approached by studying
the fate of principal metabolites and the formation of endproducts in a meat juice with or without modification of
the gaseous environment (see pp.107 ) at a chill
temperature (ca. 4 °C) with a mixed inoculum. Moreover,
emphasis was placed on the formation of D-lactate and the
production of acetate because these metabolites have been
reported repeatedly as potential indicators of the changes
occurring in meat ecosystems. In summary, the evidence from
these experiments lead to the conclusion that (i), glucose
is catabolised heterofermentatively by the lactic acid
bacteria;

(ii) , D-lactate is produced de novo by

Leuconostoc mesenteroides subsp. mesenteroides; and (iii),
lactic acid is oxidised to acetic acid by the lactic acid
bacteria.

A. Results

1. Xenic culture of Carnobacterium piscicola, Brochothrix
thermosphacta and Pseudomonas fragi.
The results with the xenic culture under a modified
atmosphere are summarised in Figs. 4.40, 4.42 and 4.43. The
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population developed (Fig. 4.40) during the first 100 h
(ca. 4 d) at the expense of the available carbohydrates,
namely, glucose and glucose-6-phosphate (Fig. 4.42). This
phase of growth was accompanied by a slight decrease of pH
from 6.1 to 5.8 (Fig. 4.43). Brochothrix thermosphacta
attained a higher biomass than the other members of the
association. Pseudomonas fragi was suppressed and had the
lowest biomass. Carnobacterium piscicola was in an
intermediate position. After the development of the
population, a steady state was established. It is clear
that the order of substrate utilization was glucose>
glucose-6-phosphate> L-lactate. Accumulation of pyruvate
was not found during the catabolism of the L-lactic acid.
D-lactic acid was not detected. Instead, acetate was formed
mainly during exponential growth. Acetoin was also produced
in the developing but was catabolised in the steady phase
of growth. A small production of ammonia was noted at the
transitory period between development and steady state.
This was linked with a slight decrease in the concentration
of total amino acids which subsequently increased in
concentration. Creatine was not catabolised. Changes in the
concentration of creatinine were artefacts due to the
analytical method (Jaffe reaction) and in practice this
substrate was not utilised. Because Jaffe reaction is non
specific, and all compounds which can form carbanions in
alkaline solutions (a-oxo acids or amines) contribute to
the colour formation (Wahlefeld and Siedel 1985). Ammonia
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production and amino acid metabolism caused an increase in
the pH value, after the initial decrease during the
development of the ecosystem.
The results of the development of the population under
aerobic conditions are summarised in Fig. 4.41, 4.44 and
4.45. Despite the equal growth of the population again the
"hierarchy” at the end of the development stage was B.
thermosphacta> C. piscicola> P. fragi. Again during the
exponential phase the catabolism of the available
carbohydrates and the production of acetate were evident.
However, in this instance a small transient peak of
gluconate was noted. Pyruvate and D-lactic acid were not
detected. The order of substrate utilization was similar to
that of the modified atmosphere during the developing
stage. During the short steady state, L-lactate was
catabolised at a rate higher than that of the

MA

culture and this was associated with the production of
acetoin. Pseudomonas fragi became a climax species late in
the stationary phase. At that time a multi-phase
development was observed. Namely a characteristically
successive small shift-ups in the pseudomonads population
were associated with the catabolism of acetate, acetoin,
creatine, and the production of ammonia, increase of total
amino acids and subsequent alkalinization of the model
ecosystem. In toto, the status quo noted under modified
atmosphere growing culture was not observed.
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When these micro-organisms were grown in a modified reduced concentration of glucose and supplemented with a
iso-molecular DL-lactic acid- MRS medium under modified
atmosphere conditions at 4 °C, two aspects are worthy of
comment:

(i) the growth of Pseudomonas, and (ii) the

catabolism of DL-lactic acid (Figs. 4.46 and 4.47). With
the Pseudomonas an initial short lag phase was noted. When
the Gram-positive population reached the steady phase and
glucose was exhausted, Pseudomonas following a short
transitory period, developed a "secondary" growth. At that
period a concomitant catabolism of both isomers of the
lactic acids was observed. Thereafter a steady state was
established with Pseudomonas as the numerically dominant
species in the ecosystem.

2. Xenic culture of Gram-positive and Gram-negative flora
(Pseudomonas fragi, Hafnia alvei, Brochothrix
thermosphacta, Carnobacterium piscicola and Leuconostoc
mesenteroides subsp. mesenteroides).
The taxa noted above are representative of the major groups
of the Gram-positive and Gram-negative population occurring
in meat ecosystems. In essence, this experiment was an
extension of the previous one in terms of the diversity of
the population used to study microbial development in a
model ecosystem under modified atmosphere (MA) at 4 °C. The
experiment was restricted to MA because it was under these
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conditions that the natural ecosystems developed (e.g.
survey from supermarkets). Growth curves and a synopsis of
essential catabolic processes are shown in Figs. 4.48 and
4.50.
It is evident that the members of the Gram-positive
flora grew at equal rates. By the end of the development
phase, Pseudomonas were overtly inhibited. Hafnia alvei
followed another pattern of growth. It grew initially at a
slower rate than Gram-positive bacteria but continued its
growth such that it overshot the Gram-positive population
and reached the total carrying capacity of the ecosystem.
At the steady state the hierarchy of the population was
Hafnia alvei> Brochothrix thermosphacta> Leuconostoc
mesenteroides subsp. mesenteroides> Carnobacterium
piscicola> Pseudomonas fragi.
Is is also clear that development of the Gram-positive
population was inextricably linked with the catabolism of
D-glucose and D-glucose-6-phosphate. In another experiment
(Fig. 4.56) it was demonstrated that, among the members of
the Gram-positive flora included in this study, only B .
thermosphacta and L. mesenteroides subsp. mesenteroides
were able to catabolise D-glucose-6-phosphate. In addition,
none of these species was able to catabolise the Dgluconate-6-phosphate present in the medium. At the end of
the development period a slight decrease of pH value
coincided with the production of L- and D-lactate (Fig.
4.50). It was clear that the incorporation of leuconostocs
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in the population resulted in the formation of the latter
stereo-isomer. A point worthy of comment is that acetic
acid concentration at that time was at a low level cf. that
of the previous experiment (Fig. 4.42). Instead, a
phenomenal production of acetic acid in the following
transitory period was observed, associated with the
catabolism of both "indigenous" L-lactate and the L- and Dlactate formed during the exponential phase. Another
feature was the parallelism of the declining trend in the
concentration of L-lactate and the increasing trend of
acetate during the steady state of the population. These
observations will be discussed in detail later.

3. Xenic culture of Gram-positive flora
(Brochothrix thermosphacta, Carnobacterium piscicola and
Leuconostoc mesenteroides subsp. mesenteroides).
This mixed culture (not including P. fragi and H. alvei)
was used to elucidate the contribution of the Gram-positive
flora to the observed production of acetate. The hierarchy
of the population and the order of catabolism of the
available carbohydrates were similar to those in the above
experiment (Fig. 4.49). By the end of the development of
the population, the production of L- and D-lactate was
observed. The fate of the acetic acid was similar to that
in the previous experiment (Fig. 4.51). However the most
distinguishing feature was the dramatic increase of its
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concentration corresponding stoichiometrically to the
summation of L- and D-lactate catabolised at that period.
It is deduced that this difference was due to the absence
of the Gram-negative flora that contributed to the "postexponential” catabolism of the L- and D-lactate. It was
inferred also that L- and D-lactate might have an essential
role for the maintenance of the climax population. A topic
that will be discussed latter.

4. Xenic culture of lactic acid bacteria
{Carnobacterium piscicola and Leuconostoc mesenteroides
subsp. mesenteroides).
The central objective of this experiment was to observe the
homo- or heterofermentative nature of the lactic bacteria
used in the study. For this reason a meat juice exhausted
by growth of pseudomonads of its natural content of Llactate and D-glucose was used. The results of this
experiment are summarised in Figs. 4.52 and 4.53. Three
interesting points came from this experiment: (i), the
ratio of D-lactate:L-lactate formed during the exponential
phase of growth confirmed the physiological attributes of
leuconostoc; (ii), the production of acetic acid during
this phase demonstrated the role of heterofermentative
rather than homofermentative physiology; (iii), the post
exponential production of acetate associated with the
catabolism of the D-lactate. As "indigenous" L-lactate was
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absent in this instance, it was observed that a
comparatively low concentration of acetate formed vis A vis
the previous experiment. A decline of the population of
leuconostocs provides indirect evidence that this oxidation
of D- and/or L-lactate is an essential source of energy for
the maintenance of the climax population.
When results of the above experiments are considered
in terms of pH, ammonia production and concentration of
total amino acids (Fig. 4.54) and acetoin formation (Fig.
4.55) the following aspects are worthy of comment. It was
evident that after the initial decrease of the pH, there
ensued an increase when the Gram-negative flora was
included in the system. Despite neutralization phenomena,
it appeared that this increase was linked with the release
of ammonia. With amino acids a slight decrease on both
occasions corresponding to the transitory period between
growth and steady phase was observed. Acetoin was formed in
negligible concentrations in the absence of B .
thermosphacta.

5. Xenic culture of Listeria monocytogenes with Grampositive and Gram-negative flora
The objective of this experiment was to observe whether or
not there were any interactions between an "autochthonous"
population -composition given in Fig. 4.57 -with a
foodborne pathogen -I». monocytogenes, inoculated at
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different levels and growing in a meat juice with modified
atmosphere at 4 °C. The outcome of this study confirmed the
observations noted already (Fig. 4.50). An alternative view
of the problem of growth of L. monocytogenes in food
ecosystems emerged. Namely, it was found that the
antagonism between the pathogen and the other members was
linked to the available D-glucose in the ecosystem. The
results in support of this view are shown in Figs. 4.58 and
4.59. It is evident that growth of the pathogen occurred
when D-glucose was available. With the low inoculum (log10
3.3, c.f.u./ml) a climax population of 6.1 was attained
(net growth 2.8), with the intermediate inoculum a net
growth of 2.5 (5.6-8.1) was noted and, with the highest
inoculum, 2.2 (6.7-8.9) respectively. There were no marked
differences in the apparent growth rates. It needs to be
stressed, however, that the rate of growth of L.
monocytogenes was less than that of the other Gram-positive
bacteria with all three inoculum sizes of the former.
Another observation was that after a considerably long
steady state, the numbers of L. monocytogenes began to
decline. In the culture having the highest population it
was observed that a "new” steady state -about 2 log^o
c.f.u./ml less than the climax population- obtained. It was
demonstrated that an axenic culture of L. monocytogenes
grew faster under aerobic conditions than under the
modified atmosphere. This resulted in a one day difference
in the time to the exhaustion of D-glucose (Fig. 4.59) and
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the attainment of a climax population. Listeria
monocytogenes was unable to catabolise D-glucose-6phosphate under either condition.
In terms of interaction of Gram-negative and Gram
positive flora, it was clear that the latter was inhibited
during the development of the former (Fig. 4.57). Despite
this inhibition the Gram-negative flora continued growth
when a steady state of Gram-positive population was
achieved.
In Fig. 4.60 a synopsis of important catabolic
processes corresponding to the experimental culture with
the low initial inoculum of L, monocytogenes is presented.
The sequential catabolism of D-glucose and D-glucose-6phosphate together with the concomitant formation of Dlactate during this phase is evident. Again a dramatic
increase of acetate was associated with the catabolism of
L- and D-lactate. A parallel formation of ammonia postexponentially and increase in the pH were observed also.
Changes in the concentration of total amino acids showed a
slight decrease during this period and thereafter there was
a small increase. Acetoin was formed during the exponential
phase. These changes have been described in detail earlier
in this Section.

B. Discussion
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The discussion of Part A of this Chapter was confined to
the interpretation of the phenotypic attributes of
Pseudomonas growing in meat juice at 4 °C. In this part an
effort will be made to couple these findings with the
observations made in the series of experiments with mixed
cultures. The first question -one that has already been
addressed in the Literature Review- is: how can one
interpret all these in a spectrum that encompasses both
physiological and ecological principles? Another question
is whether or not such an integrated approach to this
problem is appropriate? Before attempting to give an
answer, a conceptual framework is discussed. This is
depicted in Fig. 1.4. Indeed it was this that directed the
development of the experimental work. Namely, that in a
developing population the energy flow is in favour of
growth with the accompanying depletion of carbohydrates
and, in a climax population, the flow of energy is in
favour of maintenance with, at the same time, the
occurrence of secondary biochemical activities confined to
further oxidation of possible substrates and harnessing of
the remaining energy. All these catabolic processes can
been summarised according to Kluyver's (1956) principles in
the following equations:
AH + B

----- > A + BH,

AHB

---- > ABH,

AHB

---- > A + BH,

AH + B

----- > ABH.
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According to these transhydrogenations are pivotal
elementary reactions of biochemistry, including hydrogen
transfer from one molecule to another or from one part to
another part of the molecule or these may be linked by a
splitting or a condensation reaction. How do these apply to
the meat ecosystem? It was noted repeatedly that all the
accompanying biochemical processes (e.g. catabolism of
carbohydrates, oxidation of lactic acid), both during
development and steady state can be referred to the above
equations. Namely, via transhydrogenations the chemical
energy is converted to biomass. It is evident that oxygen
is one of the main acceptors of hydrogen in these
reactions.
It is clear, therefore, that a first characteristic
feature in a natural and/or model ecosystem is the energy
content, principally carbohydrate, that plays an important
role in the evolution of the population [e.g. dark, firm,
dry (DFD) meat, when the commodity is deficient in
carbohydrates -see Fig. 1.1, (Newton and Gill 1981)]. In
addition, a selective pressure is presented by the
inability of certain taxa to utilise available energy in
the form of D-glucose-6-phosphate. Indeed, it was
manifested clearly in this study that taxa (Pseudomonas, C.
piscicola, L. monocytogenes) unable to catabolise this
substrate during the development phase achieved a lower
population size than those that did so. Another
characteristic was that a part of the energy was used for
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the maintenance of a population. This was demonstrated when
the ecosystem was "injected" with different levels of
initial populations of L. monocytogenes -the higher the
initial level of inoculum the smaller was the net growth
(Fig. 4 .57). This supports the view that a part of the
available energy was used for the maintenance of the high
initial population. In addition, these concepts of energy
content and energy flow are inextricably linked with that
of the carrying capacity of an ecosystem. It was a major
characteristic of both the natural and model ecosystems
investigated in this study. Thus the survey of minced lamb
stored under a modified atmosphere at chill temperatures
provided conclusive evidence which was confirmed in the
model systems, namely, this concept is fundamental to our
meat
understanding of the evolution of a population of a product
during storage. Expiry dates on the packs of minced lamb
from supermarkets converged to the period when development
of the ecosystem was or had just been completed. Despite
the determinants that dictate an x or y evolution under
aerobic or modified atmosphere conditions that determines
if the available energy may be used by aerobic or
facultatively anaerobic taxa, the catabolism of
carbohydrates is a universal manifestation. During this
period of utilization of carbohydrates, one can observe
different outcomes. On one hand, in an aerobic association
L-,D-lactate and creatine contribute to the energy budget
such that they support and finally establish a climax
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population. The results of this study provided evidence
that the last mentioned substrate contributes to the energy
balance of the ecosystem and the establishment of a climax
population of P. fragi (Fig. 4.39).
On the other hand in an ecosystem in which the
determinants inhibited the development of an aerobic flora,
at least during the development of the Gram positive flora,
the outcome of this development was manifested by the major
end products of the facultatively anaerobic Gram-positive
flora (Fig. 4.50). Indeed the results of this study confirm
and extend publications dealing with the detection of end
products in meat and meat products (Kakouri and Nychas
1994, Borch and Agerhem 1992, Ordonez et al. 1991, de Pablo
et a l . 1989, Nassos et al. 1985). All these studies have
demonstrated the production of D-lactate and acetoin and
correlated these with a population of Gram-positive
bacteria as judged by the results obtained with selective
media. This study extends these findings in minced lamb, a
meat ecosystem in which related studies of this topic have
been undertaken for first time. Before proceeding further
in this discussion, let us recall that the population had
used the carbohydrates and entered a transitory period that
lead to a steady state. As can been judged from the results
of this study and the pertinent literature (Wanner and Egli
1990), changes occurring at this period include induction
of enzymes and adaptation phenomena leading to the
maintenance status (Fig. 4.48). First and foremost the
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available energy must be found. Fundamental studies by
Bryan-Jones and Whittenbury (1969) demonstrated
conclusively that Gram-positive cocci (Streptococcus
faecalis) can grow on lactate aerobically and that
"lactate-oxidizing enzyme system may be inducible".
Moreover the authors concluded that "reduction of NAD to
NADH was coupled to lactate oxidation and that the
resulting NADH was subsequently oxidised with the formation
of ATP from oxidative phosphorylation". These observations
were also noted in similar investigations by London (1968)
and Strittmatter (1959) . Bryan-Jones and Whittenbury (1969)
also noted that acetate was a major product of aerobic
catabolism of lactate. Moreover, Frey and Hubert (1993)
noted that the oxidation of lactate to acetate by
lactobacilli was induced by the presence of oxygen and
glucose depletion. Obviously these observations are closely
associated with those made in the present study and thereby
offer a valuable interpretation of the origin of acetate.
It was observed repeatedly that post-exponential catabolism
of lactate, in the absence of glucose, was associated with
the production of acetate. In the opinion of the author at
that period the main body of acetate in the ecosystem was
formed. It was also noted repeatedly that a minor
production of acetate occurred during the catabolism of the
carbohydrates. Therefore, two phases in the production of
acetate must be distinguished, a minor one during the
catabolism of carbohydrates and a major one during the

249

oxidation of L- and/or D-lactate. Obviously, the production
in the first period is limited by the antagonism of all
members of the population for energy and clearly
demonstrated that when lactic acid bacteria grow alone in
that instance the end products, including acetate, were
higher than those with more diverse populations (Fig.
4.51). In the second period, the role of a common dominator
for energy transferred from D-glucose to L-,D-lactate.
Despite major production during this phase, there is
antagonism between the Gram-positive and Gram-negative
population for lactate. It was demonstrated clearly when
the Gram-positive population was "isolated" from that of
the Gram-negative one (Fig. 4.51). In this instance a
threefold increase in the production of acetate was
observed. At the other extreme, when lactate was initially
absent, a limited amount of acetate formed (Fig.4.53).
As the transitory phase reached the steady phase, it
could be postulated that the system "suffered" or
experienced anoxic conditions. In the opinion of the author
such a limitation decelerates the rate of lactate
catabolism and the population in the meat ecosystem enters
into the steady state. It is indeed at that time that
Kluyver's fundamental biochemical equations are negated. It
is the first time that all these stages of development of a
meat ecosystem have been integrated in one study. Until
now, emphasis was placed on catabolic end-products when
axenic cultures of the micro-organisms were grown in

laboratory media with glucose as energy and carbon source
under different gaseous environments.
Observations related to the (a)xenic cultures of Grampositive and lactic acid bacteria have been noted
repeatedly in the literature. Arkoudelos (1992) found an
increase throughout the experimental period in acetic acid
in (a)xenic cultures of Lactobacillus plantarum and
Staphylococcus carnosus in a range of laboratory media
under either static or agitated conditions at 37 °C. The
author advanced the view of lactate oxidation to acetic
acid under conditions of glucose limitation. Borch and
Molin (1989) found that under aerobic conditions with
glucose as an energy and carbon source, leuconostocs
produced only traces of L-lactic acid and no acetoin, the
major products being D-lactic and acetic acid. With B.
thermosphacta the major products were acetoin and acetic
acid with no production of either stereo-isomers of
lactate. Carnobacterium piscicola produced mainly acetic
acid, L-lactate, acetoin but no D-lactic. In another study
Blickstad and Molin (1984) obtained similar results with
studies of B. thermosphacta under different gaseous
atmospheres. Borch and Agerchem (1992) also noted the
association of the production of D-lactate in beef
inoculated with leuconostoc and stored anaerobically.
Similar findings were noted in this study, acetoin was
mainly associated with B. thermosphacta and D-lactate with
leuconostoc. Thus, it is confirmed that this stereo-isomer
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is of microbial origin and leuconostoc are the primary
producers.
Another issue was the heterofermentative physiology
noted in the xenic culture of the lactic acid bacteria
(Fig. 4.53). This confirmed previous observations (Kakouri
and Nychas 1994, Arkoudelos 1992) and supported the view
that under glucose limited conditions, heterofermentative
metabolism is induced in species identified with a
homofermentative catabolism of glucose (Borch, Berg and
Holst 1991, Bobillo and Marshall 1991). A detailed
investigation of this adaptive phenomenon was beyond the
scope of this study.
It is worthy of note that an analogous situation to
the above development of a meat ecosystem, particularly
those with determinants allowing the dominance of the Grampositive population, has repeatedly been noted in
ecosystems in dairy microbiology (Murphy et al. 1985,
Thomas et al. 1985). For example metabolism of lactate in
cheese was induced after the exhaustion of D-glucose and
was restricted by the limited amount of oxygen in the
interior of the commodity.
The consequences of the above, namely, the production
of acetate at the expense of lactate, in terms of
inhibition of specific taxa needs to be discussed. A basic
outline of the problem and studies about the inhibition of
L. monocytogenes by aliphatic chain organic acids has
bee*
.
.
.
,, ,
already noted in the Literature Review. It could be
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postulated that the observed decline of the population of
this pathogen was due to accumulation of acetic acid in the
medium (Fig. 4.60). This hypothesis is supported by other
investigations that demonstrated that acetic acid was the
most effective inhibitor of all the acidulants tested with
the growth of L. monocytogenes (Farber et a l. 1989). It is
worthy of note the other physiological attribute of L.
monocytogenes, the strict dependence on D-glucose as energy
and carbon source. This view has not b^emphasised in the
literature (e.g. Jeppesen and Huss 1993) in studies about
antagonistic activities between listeria and other
populations. In addition the inability of the micro
organism to catabolise D-glucose-6-phosphate is another
determinant against its growth in natural/model ecosystems.
This physiological attribute, the need for D-glucose as
energy and carbon source, has been reported in the
literature (Miller and Silverman 1959, Trivett and Meyer
1971).
The other taxon that has been reported as being
susceptible to acetic acid is Pseudomonas. Frey and Hubert
(1993) reported inhibition of P. fluorescens by acetate
produced from lactate in a xenic culture with lactobacilli.
This supports the concept of the emergent property of the
ecosystem mentioned in the Literature Review. Namely, that
inhibition of the Pseudomonas caused by synergistic effect
of an atmosphere enriched with carbon dioxide and the
accumulation of acetate in the ecosystem. In addition to
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acetate hydrogen peroxide produced by lactic acid bacteria
has been reported as the agent accounting for the
inhibition of Pseudomonas (Price and Lee 1970).
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Table 4.1

4 °C

II. Medium with DL-lactic acid
A

0.420

1.65

B

0.419

1.65

C

0.497

1.39

D

0.564

1.22

A

0.501

1.38

B

0. 507

1.37

C

0. 564

1.23

D

0.549

1.26

III. Medium with D-glucose
and DL-lactic acid

IV. Meat juice
A

0.526

0.177

1.32

3.90

B

0.516

0.176

1.34

3.95

C

0.675

0.198

1.03

3.50

D

0.632

0.227

1.10

3.06

Calculation as described in Material and Methods,
k A, P. fluorescens (gluconate positive); B, P. fluorescens (gluconate
negative);
C, P. lundensis and D, P. fragi.
° The basal medium described by Gill and Tan (1979) with casamino acids was
supplemented
with D-glucose and DL-lactic acid. The meat juice was prepared as described
in Materials and Methods.
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Table 4.2

. Metabolic activity of pseudomonads as shown by experiments with
meat juice at 4 °C
Pseudomonas

Substrate

fragi

lundensis

fluorescens

D-glucosea

+9

+

+

D-glucose-Pb

+

+

-

D-gluconatea

+

+

+

D-gluconate- 6 -P

+

+

-

L-lactic acidc

+

+

+

D-lactic acidc

+

+

+

Pyruvate 0

+

+

+

Acetic acidd

+

nd

nd

nd

nd

Acetoin^

+

Amino acidse

+

+

+

Creatine^

+

-

-

Creatinine^

+

-

-

+

+

+

Ammonia^

a D-glucose and L- and D-lactic acid were used sequential. D-glucose was used
preferentially to DL-lactate. All strains but one were able to oxidise this
substrate via the extracellular pathway and caused a transient accumulation of
D-gluconate. With the exception, a P. fluorescens (glc-), an obtuse peak with
considerable delay was observed.
b D-glucose- 6 -phosphate was oxidised to D-gluconate- 6 -phosphate during late
stationary phase by P. fragl and P. lundensls growing aerobically. The former
species was unable to do so under an atmosphere enriched with carbon dioxide.
° L- and D-lactic acid were used after diminution of D-glucose. A transient
accumulation of pyruvate during catabolism was observed. With P. fragl the
rate of catabolism under an atmosphere enriched with carbon dioxide was less
than that under aerobic conditions.
^ Acetic acid and acetoin were catabolised by P. fragi under aerobic
conditions in a xenic culture with Gram-positive bacteria.
e A slight decease in the concentration of amino acids by the end of the
exponential growth was observed. Thereafter, a drastic increase in their
concentration under aerobic conditions was noted.
^ Pseudomonas fragl was able to catabolise
creatine and creatinine under
aerobic conditions but not in an atmosphere enriched with carbon dioxide. The
phenomenal release of ammonia and the increase in pH was inextricably linked
with the catabolism of these substrates.
3 +, the substrate was catabolised or formed during
growth; -,neither
catabolised nor formed; nd, no data.
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Fig. 4 .1 . G ro w th o f pseudom onads in a m e a t ju ic e a t 4 °C
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Fig. 4 .3 . C a ta b o lis m o f D -g lu c o s e by p seu do m o nad s
g ro w in g in a m e a t juice a t 4 °C
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Fig. 4 .4 . C a ta b o lis m o f D -g lu c o n a te by pseu do m o nad s
gro w in g in a m e a t ju ic e a t 4 °C
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Fig. 4 .5 . C a ta b o lis m o f D - g lu c o s e - 6 - p h o s p h a t e by p seudom onads
g ro w in g in a m e a t juice a t 4 °C

D - g lu c o s e -6 -p h o s p h a te

(m g /d l)

16 n

12 -J

8h

4

-

01

1

24

1

48

72

1
96

1
120

T im e (h)
P. fragi

* P. fluorescens (g lc + )
♦ P. lundensis

Fig. 4 .6 . C a ta b o lis m

r P. fluorescens (g lc —)

* P. fra g i-P . fluorescens (glc-*-)

o f D - g lu c o n a t e - 6 - p h o s p h a t e

by pseudom onads

g ro w in g in a m e a t ju ic e a t 4 °C

D -g lu c o n a te -6 -p h o s p h a te

(m g/dl)

12 -i

0

24

48

72

96

T im e (h)
■ P. fragi

* P. fluorescens (glc-*-) ▼ P. fluorescens (g lc —)
♦ P. lundensis

* P. fra g i-P . fluorescens (glc-*-)

120

Fig. 4 .7 . C a ta b o lis m o f c a rb o h y d ra te s by P. f r a g i - P . flu o re s c e n s (g lc + )
g ro w in g in a m e a t ju ic e a t 4 #C
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Fig. 4 .8 . C a ta b o lis m o f c a rb o h y d ra te s by P. fra g i
g ro w in g in a m e a t juice a t 4 °C
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Fig. 4 .9 . C a ta b o lis m o f c a rb o h y d ra te s by P. flu o re s c e n s (g lc + )
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Fig. 4 .1 0 . C a ta b o lis m o f c a rb o h y d ra te s by P . flu o re s c e n s ( g lc - )
g ro w in g in a m e a t juice a t 4 *C
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F ig . 4 .1 2 . C a tab o lis m o f L - la c t ic a c id by pseu do m o nad s
growing in a m e a t ju ic e a t 4 *C
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Fig. 4 .1 3 . M etabo lism o f p y ru v a te by pseudom onads
growing in a m e a t ju ic e a t 4 °C
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Fig. 4 . 1 4 . C a t a b o l i s m of L - l a c t a t e by pseudom onad s growing in
m e a t juice at 4 °C
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Fig. 4 .1 5 . Lactic acid catabolism by pseudomonads
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Fig. 4 .1 6 . P ro d u c tio n o f am m onia by p seu do m o nad s
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Fig. 4 .1 7 . R e le a s e o f amino acids by p seu do m o nad s
gro w in g in a m e a t ju ic e a t 4 °C
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F ig . 4 .1 8 . C atab o lism

o f c re a tin e by p seu do m o nad s
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Fig. 4 .1 9 . C a ta b o lis m o f c re a tin in e by p seudom onads
g ro w in g in a m e a t ju ic e a t 4 °C
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Fig. 4 .2 0 . Metabolism of amino acids, creatine and creatinine, production
of ammonia and changes in pH caused

by P. fluorescens (glc-*-)

growing in a m eat juice at 4 *C
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Fig. 4.21. Metabolism of amino acids, creatine and creatinine, production
of ammonia and changes in pH caused

by P. fluorescens (g lc -)

growing in a meat juice at 4 *C
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Fig. 4.22. Metabolism of amino acids, creatine and creatinine, production
of ammonia and changes in pH caused

by P. fragi

growing in a m eat juice at 4 *C
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Fig. 4.23. Metabolism of amino acids, creatine and creatinine, production
of ammonia and changes in pH caused

by P. lundensis

growing in a meat juice at 4 °C
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Fig. 4 .2 4. Metabolism of amino acids, creatine and creatinine, production
of ammonia and changes In pH caused

by P. fra g i-P . fluorescens (glc+)
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Fig. 4.25. Sequential catabolism of substrates by P. fra g i-P . fluorescens (glc+)
growing in a meat juice at 4 *C
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Fig. 4.2 6. Sequential catabolism of different substrates by P. fragi
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Fig. 4.27. Sequential catabolism of different substrates by P. lundensis
growing in a meat juice at 4 °C
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Fig. 4.28. Catabolism of different substrates by P. fluorescens (g lc -)
growing in a meat juice at 4 *C
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Fig. 4.29. Sequential catabolism of different substrates by P. fluorescens (glc+)
growing in a meat juice at 4 *C
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Fig. 4 .3 0. Growth of pseudomonads in a meat juice* at 4 *C
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Fig. 4.31. Growth of Pseudomonas fluorescens in a meat juice * at 4 °C
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Fig. 4 .3 2 . C a ta b o lis m o f c a rb o h y d ra te s by P. fra g i
grow ing in a m e a t juice u n d er m o d ifie d a tm o s p h e re a t 4 *C
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F ig . 4 .3 4 . M e ta b o lis m o f L - l a c t ic a c id and p y ru v a te by P . fra g i
g ro w in g in a m e a t ju ic e u n d er m o d ifie d a tm o s p h e re a t 4 *C
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Fig. 4 .4 0 . A xenic culture of meet spoilage bacteria
growing in meat Juice under modified atmosphere at 4 *C
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Fig. 4 .4 1 . A xenic culture of meat spoilage bacteria
growing in meat juice aerobically at 4 °C
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Fig. 4 .4 2 . A xenic culture of meat spoilage bacteria
growing in meat juice under a modified atmosphere at 4 *C
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Fig. 4 .4 3. A xenic culture of meat spoilage bacteria
growing in meat juice under a modified atmosphere at 4 °C
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Fig. 4 .4 4 . A xenic culture of meat spoilage bacteria
growing in meat juice aerobically at 4 *C
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Fig. 4 .4 5 . A xenic culture of meat spoilage bacteria
growing in meat juice aerobically at 4 *C
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Fig. 4 .4 6 . A xenic culture of meet spoilage bacteria
growing in a modified MRS medium at 4 *C
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Fig. 4 .4 7 . A xenic culture of meat spoilage bacteria
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Fig. 4 .4 8 . A xenic culture of meet spoilage bacteria
growing in meat juice under modified atmosphere at 4 *C
10

n

(log10 c.f.u./ml)

8.9 -

7.9 -

6.8 -

Growth

5.7 -

4.6 -

3.6 -

2.5 -

I ■ i■Ii i
0

100

i I
200

»
300

—1 '
—'
— I1I
■ i I1—1 '— I— '
400

500

600

Time (h)
» Leuconostoc

mesenteroides

r Brochothrix thermosphacta

subsp.

mesenteroides A Carnobacterium piscicola

♦ Hafnia alvei

*Pseudomonas fragi

•

total viable count

Fig. 4 .4 9 . A xenic culture of meat spoilage bacteria
growing in meat juice under modified atmosphere at 4 °C
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Fig. 4.50. Synopsis of essential catabolic processes in a meat juice ecosystem
with Gram-positive and Gram-negative population
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Fig. 4.52. A xenic culture of meat spoilage bacteria
growing in meat Juice under modified atmosphere at 4 *C
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Fig. 4.53. Synopsis of essential catabolic processes in a meat juice ecosystem
with population of lactic acid bacteria
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Fig. 4 .5 4 . Comparison of essential catabolic processes in a meat juice ecosystem
with Gram -positive and G ram -negative population
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Fig. 4.58. Catabolism of D -g iu c o s a and growth of Listoria monocytogenes
in a xenic culture
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CHAPTER 5. STUDIES ON D-GLUCOSE AND OXYGEN UPTAKE RATES BY
PSEUDOMONAS.

I. Uptake of D-alucose

A. Introduction
This section deals with studies on the possible
contribution of glucose uptake rate to the dominance of P.
fragi in a meat ecosystem stored aerobically at 4 °C. This
study differed from the vast majority of others, in that
the uptake experiments were conducted at 4 °C. The outcome
of the work was that glucose uptake did not contribute to
the succession of these species. A conclusion, however,
from this study was that Pseudomonas unable to oxidize Dglucose appeared with higher uptake rates and lower
affinity than the species that were able to do so.

B. Materials and Methods

1. Sources of organisms
All micro-organisms were isolated from samples of minced
lamb examined during a survey of material from butchers in
the Bath area (see pp. 102) •

2. Media and growth conditions
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Cultures (1 litre) were grown in 2 1 round flat -bottomed
flasks with a medium of the following composition (g I” 1
distilled water): glucose,

2

.0 ; (NH4 )2 S0 4 #

0

.2 ; Na 2 HP0 4 ,

5.1; K 2 HP 0 4 , 3.1; MgS04 .7H2 0, 0.04; CaCl2 , 0.01;
Fe(NH4 )2 (SO4 )2 •6 H 2 O, 0.02; nitrilotriacetic acid, 0.1;
casein (enzymatic hydrolysate), 0.5 and with final pH value
of 7.0 (Gill and Tan 1979). Starter cultures (50ml of the
above medium in a

100

ml conical flask) were inoculated with

a loop from a slant culture and incubated at

^ °C for 9-12

h in an shaking water bath. Cultures were inoculated (1-5%
vol/vol of starter culture), incubated at 4 °C and stirred
magnetically (6 cm stirrer bar; 200 rpm). Growth was
monitored by measuring culture optical density (O.D.) at
600 nm with a SP6-550 UV/VIS spectrophotometer (PYE UNICAM,
England). Measurements were related to dry weight (mg/ml)
by standard curves.

3. Preparation of standard curve
Cells from a culture (1 litre) grown under identical
conditions to those described above were harvested in the
exponential phase by centrifugation (10000 g, 10 min) at 4
°C. The harvested cells were washed three times with
distilled water and a dense suspension finally prepared in
20 ml. One ml amounts of this suspension were placed in
pre-weighed Eppendorf tubes and transferred into a vacuum
oven (60 °C, 760 mm Hg) for 24 h. After drying, when the
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temperature reached ambient, the tubes were weighed. The
procedure was repeated until a steady reading on two
successive occasions was obtained. From a 10”^ dilution of
the dense suspension further dilutions were prepared in 3
ml cuvettes in order to give O. D. values in the range 0.00.8. Knowing the weight of the dense suspension and the
relative dilution factors, the O.D. values were plotted
against dry weight.

4.

Measurement of initial velocities of solute

accumulation and of kinetic constants for transport
The basic methodology used is described by Dawes (1980) and
Cartwright et al. (1989). Organisms were harvested from
,

7

Q

exponential phase cultures (10-10^ c.f.u./ml) by
centrifugation (10000 g, 10 min) at 4 °C using 4X250 ml
centrifuging vessels with a Sorvall RC-5B Refrigerated
Superspeed Centrifuge, washed twice initially with 100 ml
of a harvesting buffer (Buffer A)1 for each vessel and
1 Harvesting buffer (buffer A): 10 mM phosphate buffer
(NaH2 P0 4 -K2 HP0 4, pH: 6.2 containing 10 mM (NH4)2S04 .
Phosphates and ammonium sulfate were made up separetely at
50 times their final concentration. To prepare 1 litre
buffer A, 20 ml of each solution were added into 1 litre
volumetric flask and filled up to the mark with distilled
water. The buffer was placed in amber vials and stored at 4
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then, after reducing these to two, combining the cell
sediments, with 50 ml of buffer A. Finally the harvested
and washed cell sediments were resuspended in 5-10 ml of
buffer A in order to obtain a final high density
suspension* (20-3 0 mg dry wt.ml A). The uptake incubation
mixture was composed of aliquots of buffer A, of the dense
cell suspension or an aliquot of diluted cell suspension in
the buffer A, to give 2-5 mg dry wt. ml*"1, and 2-deoxy-Dglucose (DOG) solution in buffer A as the partially
metabolizable analogue of the substrate, glucose providing
the following concentrations 0.5, 0.66, 1.0, 2.0, 6.0 and
10 mM in the final incubation mixtureJ and containing the
same concentration of radiolabelled DOG (0.15 jiiCi/ml ) and
hence different specific activities. Alternatively, in a
second series of experiments, radio-labelled analogue of the
same specific activity (0.045/zCi/jumol) was used. Cell
suspension, buffer and substrate solutions were maintained
at 4 °C throughout preparation and during the experiment.
The latter was carried out with cells within 1 hour of
harvest without any other carbon substrate except for the

2 Portions (0.1 ml) of the dense suspension were added
to 10 ml distilled water and, after mixing, the O.D.
recorded.
Portions (0.1 ml) of the uptake mixture were added
to 5.0 ml distilled water and, after mixing, the O.D.
recorded.
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analogue. Incubation mixtures were placed into universal
vial (8.0 cm X 2.5cm diameter) incubated at 4 °C for 20 or
60 min and stirred magnetically (1 cm stirrer bar

, 200

r.p.m.). Uptake reactions were initiated by addition of the
mixture of 3H-labelled and non-labelled substrate. At
specified times (0, 10, 20, 30, 40, 50 and 60 min), 1.0 ml
samples were withdrawn and filtered rapidly through
membrane filters (cellulose acetate, pore size 0.20 /xm,
Sartorius GmbH W.Germany) held on a vacuum-operated filter
disk holder -sampling manifold for simultaneous filtration
to which a vacuum was continuously applied with a vacuum
pump. Filters were previously washed with buffer B, and
washed after filtration with 2.0 ml of the buffer B also,
containing the unlabelled analogue at the concentration
used in the experiment. Total radioactivity incorporated
was assayed by placing filters bearing washed cells with a
filter forcep into scintillation vials (20 ml super
polyethylene, Packard Instrument, West Germany) containing
5-10 ml OptiPhase 'Safe' (LKB scintillation products,
England), incubated overnight at room temperature in the
dark and counted with a 1217 RackBeta Liquid Scintillation
Counter (LKB, Wallac, Finland) for 5-20 min. One
scintillation vial containing the scintillation liquid
without any known radioactive source was used for the
background count and 1.0 ml of the uptake incubation
mixture transferred into a scintillation vial and its total
radioactivity measured and recorded.
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In parallel incubation mixtures under identical
conditions to those described above but without cells (ie.
buffer A and substrate solution) were filtered and the
filters washed (vide supra) to find the correlation between
radioactivity filtered and radioactivity retained by the
filters.

5. Materials
Unlabelled DOG was supplied from Sigma (D-6134), 2-deoxy-d[2,6-3H]glucose from Amersham (TRK 672). Casein, enzymatic
from Sigma (C-0626). The other chemicals were obtained from
BDH (England), at a grade of general purpose reagent.

C. Calculations
The values of K<p and Vmax were calculated from uptake data
by the computerized direct linear plot method of CornishBowden and Eisenthal (1978). The amount of analogue
incorporated over 20 min was used to calculate the initial
rate of the reaction. In most cases, at least 1600 counts
were measured for each sample (% error <5) and corrected
for background counts, and filter retention. The transport
velocities (initial rates) were expressed as nmole of
substrate transported per min per mg dry weight cells under
the experimental conditions.

D. Results
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The results obtained in this study are summarised in Table
5.1. In all experiments P. fragi had a higher substrate
affinity (lower K<p values) than the other pseudomonads. The
transport capacity of P. fragi, however, was lower than
that of the other micro-organisms (lower Vmax). Pseudomonas
fluorescens (unable to oxidize D-glucose) appeared with a
high capacity in experiment 1 and 3. With experiment 2 P.
lundensis gave the higher capacity for transport, and the
other fluorescent Pseudomonas gave about equal values.
When values of Vmax/K<p/ corresponding to the specific
affinity of one micro-organism for a substrate (Button
1983, 1993), are considerwfit is evident that there was no
conclusive evidence about this variable. With experiments 1
and 2, P. lundensis and P. fluorescens gave the higher
specific affinity. With the third experiment, however, P.
fragi and the fluorescent strain unable to oxidise Dglucose gave the higher values in about same order of
magnitude.

E. Discussion
The above results suggest that the affinity of P. fragi for
the glucose analogue was slightly higher than that of the
other species studied. In addition, it seems that the
pseudomonads present in minced lamb have the same affinity
to glucose but a different capacity to transfer this
substrate at saturated conditions (Vmax).
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The problem of filter retention is worthy of further
discussion. When radioactivity was present at the same
amount this problem was overcome. This experimental
advantage was, however, negated by the effect of specific
activity to the transport process. On the other hand, with
the same specific activity (/xCi//xmol) this problem created
difficulties because calculations of filter retention were
variable. It is interesting to note that the relevant
literature does not refer to this problem.
Romano et al. (1970) surveyed several bacteria and
found that group translocation (Mitchell 1957) is not
present in Pseudomonas. The observation of a strain of P.
fluorescens

with the highest apparent

when

correlated with that of the inability to form gluconate
(see Fig. 4.10) provides evidence that D-glucose oxidation
is not a prerequisite for the uptake mechanism. Indeed,
Eisenberg et al. (1974) with studies with P. fluorescens
demonstrated that glucose oxidation extracellularly was not
an obligatory first step for glucose uptake. In the same
study the authors provide evidence that D-gluconate and Dglucose uptake were determined by independent regulation.
The specificity of the analogue to the pertinent
transport system is worthy of comment. One measure of the
specificity of a transport system for its substrates is the
ratio Vmax/Kip (Cairns et al. 1991). Studies with the
galactose/H+ transporter of Escherichia coli demonstrated
that there is a difference between the substrate and the
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analogue 2-deoxy-D-glucose (Cairns et al, 1991). Although
it is out with the aims of the present discussion to refer
to the uptake systems of other Pseudomonas spp. for reasons
of integrity it is worth mentioning the uptake process in
P. aeruginosa as work on this species is a major focus of
many pertinent studies. Pseudomonas aeruginosa possesses
two distinct inducible transport systems for the uptake of
glucose: one with a low and another with a high affinity
(Midgley and Dawes 1973, Wylie and Worobec 1993). In the
former glucose is oxidised extracellularly prior to uptake
and in the latter, a phosphorylative pathway, the substrate
is transported directly into the cytoplasm. Two proteins
have been identified to be components of the high-affinity
system, a periplasmic glucose binding protein (GBP) and an
outer membrane porin protein (OprB). Wylie and Worobec
(1993) studied in vivo the high-affinity system and found
that it was highly specific for glucose. Currently, there
is an active area of research on the special proteins with
which the uptake systems operate, known as transporters.
Baldwin and Henderson (1989) reviewed this theme. They
stated that "The mechanisms used by cells to take up sugars
reflect the sugar concentrations in their normal
environments" and pointed out the homologies between sugar
transporters from eukaryotes and prokaryotes.
Independently, for what system is responsible for the
uptake mechanisms; passive facilitated diffusion or active
sugar transport systems -phosphotranferase systems, the
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binding protein-dependent systems or secondary active
transport systems [H+-sugar and Na+-sugar symport systems]the results of the study did not provide convincing
evidence that specific affinity for glucose is the
determinant which lead to the preponderance of P. fragi. It
supported a qualified rejection of the hypothesis that
transport of glucose is amongst the principal factors for
pseudomonad dominance. Another issue is if any other
substrate has a more critical role than glucose for the
succession of pseudomonads present in meat ecosystems or
the dominance of this organism is the result of the many
interacting ecological determinants in this ecosystem
(Mossel and Ingram 1955, Fredrickson and Stephanopoulos
1981). The ability of P. fragi to catabolise creatine and
creatinine under aerobic conditions discussed in the
preceding Chapter suggest an alternative view.
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TABLE 5.1. Values

of

and Vmax and Vmax/K<p

Experiment
Species

1

2

3

P. fragi

0.522

0.715

0.394

P. fluorescens

0.969

0.774

1.090

P. fluorescensa

3.290

1.170

0.813

P. lundensis

0.956

1.610

1.000

P . fragi

0. 674

0.488

0.995

P. fluorescens

0.767

1.360

1.100

P. fluorescensa

7. 570

1.310

2.070

P. lundensis

4.550

1.590

1.490

P . fragi

1.291

0.683

2.525

P. fluorescens

0.792

1.757

1.009

P. fluorescensa

2.301

1.120

2.546

P. lundensis

4.759

0.988

1.490

Kt

vm ax

Vmax/KT

a A strain unable to oxidise glucose extracellularly to
gluconate (deficient in glucose dehydrogenase).
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II. Oxygen uptake rates

A. Introduction
In this section a further study was conducted to test the
contribution of oxygen affinity to the ecological
competence of Pseudomonas fragi in fresh red meat
ecosystems stored at chill temperatures (4 °C).
As noted (Chapter 3) Pseudomonas fragi is the major
Pseudomonas sp. in meat ecosystems and the climax micro
organism under aerobic conditions. In natural ecosystems
the environmental conditions are strict for those
bacteria which grow under limiting conditions of
available substrates. The affinity of the micro-organisms
for a certain substrate must be a key feature of their
dominance. As discuged earlier, glucose affinity appears
to be among the ecophysiological determinants with a
minor contribution to the dominance of this organism. As
respiration is the metabolic pathway providing energy to
aerobic micro-organisms, a hypothesis was evolved in
order to study the affinity of Pseudomonas spp. using as
the respiring substrates the two main ones occurring in
meat: D-glucose and DL-lactic acid.
As with glucose, the affinity of Pseudomonas for
oxygen appeared to play a minor role. These qualified
conclusions provide appropriate evidence that other key
physiological properties may contribute to the succession

of Pseudomonas spp. in meat ecosystems. These was studied
in detail in Chapter 4.

B. Materials and Methods

1. Micro-organisms and growth conditions
The strains of Pseudomonas spp. used for glucose affinity
experiments (except for the fluorescent strain unable to
oxidize D-glucose) were also used in the present study.
Cultures (150 ml in 250 ml conical flasks) were grown in
Gill and Tan's (1979) medium supplemented separately with
respiratory substrates DL-lactic acid (2.0 g/1) or Dglucose (2.0 g/1). Incubation was overnight (18 h) at 20
°C with a cooled orbital incubator (120-130 rev/min). The
cultures were harvested by centrifugation (3000 g, 10
min), washed twice with saline (0.85 % NaCl, w/v) and
finally suspended in phosphate buffer (NaH2 PC>4 •2 H 2 OK 2 HPO 4 , 0.1 M) at pH value 6.0 to give a cell density of
10 mg dry wt ml"’1. The buffer was supplemented with the
respiratory substrate at a concentration of 2.0 and 0.5
g/1 for DL-lactate and D-glucose respectively.

2. Measurement of the steady state rate of oxygen uptake
versus oxygen concentration
i. Principles and equipment. Measurement of the steady
state rate oxygen uptake versus oxygen concentration of
Pseudomonas spp. at 20 °C was performed step by step by
applying a constant oxygen concentration and observing
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the uptake rate in a steady state with a 25-/xm-thick
Teflon membrane-covered Clark-type oxygen electrode
(Radiometer A/S, Copenhagen, Denmark) using the open
electrode system as described by Ellis, Williams and
Lloyd (1989) whose method, theory and principles were
discussed by Degn et al. (1980) and Lloyd et al. (1992)
in another context. The open system for oxygen
measurement consists of a rapidly stirred liquid in
contact with a flowing and controlled oxygen
concentration in a gas mixture, both phases being
considered as homogeneous. At a given constant partial
pressure of oxygen in the gas, the concentration of
oxygen in the sample approaches a

steady state. Inthis

state the oxygen uptake rate (Vr)

by the sampleand the

oxygen transport rate (V^) across the gas-liquid
interface are equal. The latter is proportional to the
difference in the oxygen tension of the gas (TG ) and that
of the liquid (Tl ). Therefore, the steady state
respiration rate of the sample can be calculated knowing
K, Tg , and TL
Vr — Vt = K(TG - Tl ) , /xM•min”1
where k is the gaseous exchange constant

(min-1)

depending on the temperature, the rate of stirring and
the surface-to-volume ratio of the liquid sample, Tl
defined as the molar concentration of oxygen in the
liquid and TG of that in the liquid without biological
material.
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loge
K = ----* 1/2
where t^/2

the half time required to reach the 50% of

the new steady state for equilibration between gas and
liquid in the absence of biological material after
imposing a change in the concentration of the gas mixture
corresponding to that from 0 to 100% of the oxygen
mixture used (Lloyd and Scott 1983).
The apparatus consisted of a thermostated
cylindrical stainless steel reaction vessel (7 ml total
vol., 4.5 ml working vol.) with a side port for the
oxygen electrode. The stirring, cross-shaped shaft driven
by a synchronous motor, enters vertically through the lid
carrying also gas inlet and outlet tubes. Various O 2
concentrations are applied by using the gas mixture in
10% discrete steps having been previously humidified by
passage through water -soaked cotton to prevent changes
in the working volume due to evaporation. The other
equipment comprised a 414 S Apicoammeter, a chart
recorder, a temperature controlled water circulator, a
gas mixer box with 5, 10, 20, 25 and 40 fixed steps for
mixing of an oxygen containing gas and nitrogen creating
a uncontinum gradient by discrete and certain steps.
ii. experimental procedure. The working volume of the
system was 4.0 ml, the stirrer was set at 500 rev.min-1,
temperature of the incubator at 20 °C, the printer chart
at a 10 mm/min velocity on a scale 100X2 mV and the

picoameter on 10X10”9 A and the cylinders contained 5 %
O 2 in N 2 and oxygen-free N 2 . The liquid phase -the
suspension of the strain studied in the phosphate buffer
-previously purged for 15 min with N 2 - was supplemented
with the respiratory substrate (vide supra). The gas
mixture was composed by mixing gases from the two
separate cylinders (vide supra). Calibration of the gasbox mixer was done by applying the 5 % O 2 in N 2 and N 2
oxygen-free gasses from the separate cylinders to the
system without biological material, and recording the
increase in concentration of the gas mixture (on chart
recorder) divisions over the range from 0 % of 5 % O 2 in
N 2 to the final mixture of a 100 % of 5 % O 2 in N 2 corresponding to the situations without and with only gas
from the oxygen cylinder in the system. By dividing the
assumed molar concentration of O2 using 100 % of 5 % O2
in N 2 by the total number of the divisions (100 % step),
the molar concentration of oxygen per division was
calculated and, knowing the number of the division
corresponding to each step, the oxygen concentration was
determined for each step. The calibration procedure was
repeated separately for each respiratory substrate and
was used as concentration of oxygen in the gas phase. The
concentration of the oxygen in the liquid phase, as
already mentioned, was determined by the same procedure
when biological material was present.

C. Calculation

Assuming that solubility of O 2 in air-saturated buffer is
280 jiM at 20 °C, the solubility of 5 %02 in N 2 is: 280/xM
X 5 / 20.9 = 67 /iM at 20 °C, where 20.9 % is the
concentration of oxygen in air.
To calculate the gaseous exchange constant k (min”1)
the chart recorder was set at 5 mm/sec velocity and the
half- time (t^/2) required to reach a new steady state of
100% of 5% oxygen in N 2 from the initial steady state
(baseline) corresponding to pure N 2 (Cylinder 1 to
cylinder 2) was determined graphically. By knowing the
chart recorder velocity the distance on the charter was
converted to time (sec).

D. Results
The results are shown in Fig. 5.1 and Fig. 5.2 for Dglucose and DL-lactate as respiratory substrates
respectively. It is evident that at the range of
substrate used there was no saturation conditions. So it
was impossible to calculate the kinetic constants of
respiration. However, the slopes of the curves gave the
rate of respiration. With D-glucose P. fragi appeared
with a higher respiration rate than the other species.
With DL-lactate P. fluorescens appeared with a higher
rate than that of P. lundensis and P. fragi.

E. Discussion
The results of this section were contradictory about the
rates of respiration with the different substrates. This
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may be due to the different catabolic processes occurring
with different substrates (Harrison 1976). D-glucose and
DL-lactate are oxidized by Pseudomonas to D-gluconate and
pyruvate respectively during these processes (see Chapter

With P. fluorescens, Lenhoff and Kaplan (1956)
proposed a branched scheme of electron transfer system
with oxygen as terminal acceptor:
c y t .a ---- X
NADH

>Fp

>2

> c y t .b
cytochrome c
peroxidase
(flavoprotein)

H2 O

Harrison (1976) postulated that the above
alternative pathways would provide a flexibility of
response to a changing environment.
The results suggest that with DL-lactate that is
catabolised after D-glucose, P. fluorescens was able to
respire at a higher rate, a result that rejects the
initial hypothesis.

Fig.

5.1 O x y g e n uptake ra te s fo r pseudom onads
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APPENDIX
MICROBIOLOGICAL MEDIA USED IN THE STUDY

I. Media used for identification tests, maintenance and
culture of isolates

A. Media for pseudomonads identification
Medium (Reference)

Source, composition (g/1), comments

1. Nutrient agar (LAB

Peptone, 5.0; Beef extract, 3.0; Sodium

M, England,

chloride, 8.0; Agar No. 2, 12.0. pH 7.3±0.2

8

)

2. Scholefield’s medium Tryptone, 1.0; Yeast extract, 1.0; Sodium
(Harrigan and McCance

chloride, 5.0; K 2 HPO 4 , 0.3; Bromthymol blue

(1%

1976)

aqeous solution, w/v), 3.0 ml; Acid fuchsin

(1%

aqeous solution, w/v), 1.5 ml; Agar, 4.5;
Glucose,10.0. pH 7.1. The medium was prepared
by dissolving the ingredients other than the
indicators in water with steaming. Following
adjustment of the pH value, the indicators were
added.

3. Production of acid

Peptone, 2.0; NaCl, 5.0; K 2 HPO 4 , 0.3; Agar,

from maltose(Molin and

15.0; Bromocresol purple, 0.06; Maltose, 10.0.

Ternstrom 1986a)

pH 7.1.
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4. Basal medium for

Purified agar (Oxoid, Lll), 10.0; Na 2 HP04 , 3.0;

carbon sources

KH 2 P04 , 2.3; NH 4 C1, 1.0; MgS04 , 0.5; CaCl2 ,

assimilation tests

0.005; Trace metal mix A 5 +C 0 , 1.0 ml; Ferric

(Molin and Ternstrom

ammonium citrate, 0.05. pH adjusted to

1982)

before autoclaving.

5. Trace element

H 3 BO 3 , 2.86; MnCl 2 .4H2 0, 1.81; ZnS0 4 .7H2 0,

solution used for the

0.222; Na 2 Mo0 4 .2H2 0, 0.390; CuS0 4 .5H2 0, 0.079;

basal medium

Co(N0 3 )2 .6H2 0, 0.0494.

6 . 8

(Trace metal mix
A 5 +C 0 ), (Rippka et a l .
1979) .

B. Media for lactic acid bacteria identification

1. Gibson milk agar

Reconstituted skim milk powder (Oxoid, L31),

(Gibson and Abd-el-

800 ml; Yeast extract, 2.5; Glucose, 50.0;

Malek 1945)

MnS0 4 *4H20 aqueous solution (0.4 %, w/v), 10

ml

(Stamer, Albury and Paterson 1964); Nutrient
Agar, 200 ml. To prepare the final medium the
reconstituted milk powder with the other
ingredients were mixed and steamed to which the
molten NA was added. Final pH 6.5. The medium
was distributed in test-tubes to a depth of 5-6
cm exclusive of the agar seal and sterilised by
intermittent steaming for 30 min on each of 3
successive days (Harrigan and McCance 1976).
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3. Acetate agar (pH

Trypticase (BBL, USA), 10; Yeast extract (Lab

5.4)

m, MC 1), 5; K H 2 PO 4 ,

(Rogosa et a l . 1951)

2; MgS 0 4 »7 H 2

0

6

; Tri-ammonium citrate,

, 0.58; M n S O ^ M ^ O ,

0.28; Glucose,

20; Sorbitan monooleate [Tween 80 (KochLight)),

1; Sodium acetate trihydrate,

25;

Glacial acetic acid (to titrate medium to pH
5.4); Agar,

15. After preparation the medium

was distributed into sterile containers, placed
into the steamer for additional 50 min and
stored in a refrigerator. To prepare plates the
required amount was melted on the day of
utilization.

4. Wh i t t e n b u r y 's medium 'L ab-Lemco'(Oxoid), 5.0; Peptone,
for cultivation of

Extract,

5.0; Glucose,

5.0; Yeast

5.0; Tween 80, 0.5 ml.

lactic acid bacteria

5. Basal medium for

Peptone

(LAB M, MC 24), 10; Yeast extract (LAB

fermentation tests

M, MC 1), 4; Tween 80 (Koch-Light),

1; K 2 HP04 ,

2; MgS0 4 *7H2 0, 0.2; MnS0 4 *4H2 0, 0.05. pH 7.0.
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6

. Arginine medium

(Niven et al- Wt)

Tryptone (LAB M, MC 5), 5; Yeast extract (LAB
M, MC 1), 5; Glucose, 0.5; L-arginine
hydrochroride,

3; Tween 80 (Koch-Light),

1 ml;

K 2 HP04 , 2; MnS0 4 -4H2 0, 0.05. pH 7.0. After
dissolving the ingredients, the medium was
distributed in ca. 5 ml quantites in test tubes
and sterilised

(121 °C for 15 min). The sterile

medium was stored in dark until use.

II. Enumerative media
1. Plate count agar

Tryptone,

(Oxoid, CM325)

1.0; Agar,

5.0; Yeast Extract, 2.5; Glucose,
9.0.

pH 7.0 ± 0 .2

2. CFC medium (Mead and a. Pseudomonas agar base (Lab m, 108): Acid
Adams 1977)

Hydrolysed Casein,
Potassium sulphate,
1.4; Glycerol,

10.0; Gelatin Peptone,

16.0;

10.0; Magnesium chloride,

10.0 ml; Agar,

11.0. pH 7.1±0.2

b. Supplement, two vials (LAB M, X 1 0 8 ) :
Cetrimide,
5 mg.

1 mg; Fucidin,

1 mg; Cephaloridine,
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3. STAA agar (Gardner

a. Agar base (Oxoid, CM881): Peptone, 20.0;

1966)

Yeast extract, 2.0; K 2 HPO 4 , 1.0; MgSC^.TI^O,
1.0; Glycerol,

15.0; Agar,

13.0.

pH 7.0+0.1

b. Supplement, two vials (Oxoid, SR151):
Streptomycin sulphate, 500 mg; Actidione
(cycloheximide), 50 mg; Thallous acetate, 50
mg.

4. Violet Red Bile

Lab m, Lab

Glucose Agar

peptone no. 1, 7.0; Sodium chloride,

(Mossel et a l . 1962)

salts no.3, 1.5; Glucose,

8 8

: Yeast extract, 3.0; Balanced

0.03; Crystal violet

5.0; Bile

10.0; Neutral red,

0.002; Agar no.2, 12.0.

pH 7.4 ± 0.2. The ingredients were dissolved by
boiling without further sterilization.

5. MRS medium

Oxoid, CM361: Peptone,

10.0;

'Lab-Lemco'

(De Man, Rogosa and

powder, 8.0; Yeast extract,

Sharpe 1960)

'Tween' 80, 1 ml; Di-potassium hydrogen

4.0; Glucose, 20.0;

phosphate, 2.0; Sodium acetate 3 ^ 0 ,

5.0; Tri

ammonium citrate, 2.0; Magnesium
sulphate. •7 ^ 0 ,
0.05; Agar,

0.2; Manganese sulphate. 4 ^ 0 ,

10.0.
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6

. Rose bengal

a. Agar base (LAB M, 36): Mycological peptone,

chloramphenicol Agar

5.0; Dextrose,

(RBCA)

1.0; Magnesium sulphate, 0.5; Rose bengal,

(Jarvis 1973)

10.0; Dipotassium phosphate,

0.05; Agar no.2, 12.0.

b. Supplement, two vials (LAB M,
X 0 0 9 ):Chloramphenicol,

100 mg.

7. Ringers solution

Lab 100Z: Sodium chloride, 2.25; Potassium

(i* strength)

chloride,

0.105; Calsium chloride,

bicarbonate,

8

. Medium for

0.05.

Lab m, 11: Tryptone,

rescussitation Tryptone chloride,

0.12; Sodium

15; Soy Peptone,

5; Sodium

5; Agar no. 2, 12.0. pH: 7.3±0.2.

Soy Agar

9. Listeria enumeration a. Agar base

(LAB M, 122): Columbia agar base,

medium (Curtis et a l .

41 [Columbia peptone mixture,

23.0; Corn

1989).

starch,

5.0; Agar No. 2,

1.0; Sodium chloride,

12.0]; Aesculin,

1.0; Ferric ammonium citrate,

0.5; Lithium chloride,

15.0; Acriflavine,

0.005.

b. Supplement, two vials (LAB M, X122)
Colistin,

20; Fosfomycin,

Cycloheximide,

400.

(mg/1):

10; Cefotetan, 2;
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10. Modified MRS

(mMRS) As described above ommiting acetate and citrate

(Wilkinson and Jones

and adjusting the pH to 7.0 with HC1 (5 M ) .

1977)

11. Nitrite actidione

Peptone,

10.0; Peptonized milk, 10.0; Yeast

polymyxin

extract,

10.0; Glucose, 7.5; Beef extract, 2.5;

(NAT) agar

(Davidson and Cronin

MgS 0

1973)

1.0; Agar, 15.0. pH was adjusted to 5.5 with

4

.7 H 2 0 , 0.575; MnS 0

4

.4 H 2 0 , 0.05; Tween 80,

HCl (5 M) before autoclaving. After
autoclaving, the following filter-sterilised
solutions were added (ml/1): sodium nitrite
(6.0%, w/v),

10.0; actidione (0.1%, w/v,

cycloheximide,

Sigma, C-6255),

B (0.03% w/v, Sigma, P-1004),

12. Vancomycin agar

Peptone,

10.0;

(Orberg and Sandine

extract,

4.0; Glucose,

1984)

Magnesium sulphate. •7 ^ 0 ,

10.0; polymyxin
10.0.

'Lab-Lemco' powder, 8.0; Yeast
10.0;

sulphate. 4 H 2 O, 0.05; Agar,
(Sigma, V-2002),

'Tween' 80, 1 ml;

0.2; Manganese
10.0; Vancomycin

400 mg, Polymyxin B (Sigma, P-

1004), 5 mg. pH 7.0±0.2. Vancomycin and
polymyxin B were dissolved in 10 ml water,
filter sterilised and added to the basal
medium.
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13. Creatine agar

The basal medium used for the assimilation of
sole carbon and energy sources by Pseudomonas
was supplemented with creatine 2 g/1 (Sigma, C3630). The preparation was identical to that
followed for the assimilation tests.

The commercial media were prepared in accord with the
instructions of the supplier on the label of the product. Media whose
selectivity was based on antibiotic substances were supplemented with
these after sterilization

(121 °C, 15 min) and cooling to ca. 50 °C.

Antibiotics were dissolved as indicated on the labels of the
vials.Unless otherwise stated microbiological ingredients and reagents
(at general purpose reagent grade) used throughout the study were
supplied by LAB M and BDH respectively.
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