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Table 4.10. Some properties that differentiate strains DBIAT and R26 from other psychrophilic clostridia and C. putrefaciens.

Phenotypic property DBI1AT/R26 C. vincentii* C. estertheticumt C. fimetariumt C. laramiense § C. putrefaciens
Maximum growth temperature (°C) 26 20 15 30 20 <37
Optimum growth temperature (°C) 20-22 12 10-12 20-25 15 15-22
Fermentation products AB,L24 AF.B B,A AFL,2 A,B,ib,p a,f,1,(s)
Esculin hydrolysis + + + NR - -
Starch hydrolysis + - + - + -
Fermentation of
Arabinose - NR + + - -
Cellobiose + + + + - -
Mannitol - NR + - + -
Raffinose - NR NR - + -
Sorbitol - - + - NR -
Xylose - + + + - -

* results from Mountfort et al. (1997); 1, results from Collins et al. (1992); £, results from Kotsyurbenko et al. (1995); §, results from Kalchayanand et al. (1993); 11, results

from Cato et al. (1986). ib, isobutyrate. For remaining abbreviation and symbols, see Table 4.9.
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Chapter 4. Delineation of Previously Undescribed Clostridial Species

However, C. fimetarium cannot hydrolyse starch and produces acid from arabinose and
xylose, two carbohydrates that are not utilised or fermented by strains DB1AT and R26.
Unlike C. putrefaciens, which cannot ferment any carbohydrates, strains DBIAT and

R26 were obligately saccharolytic.

A high level of 16S rRNA gene homogeneity and only small differences in phenotypic
characteristics were found between strains DB1A™ and R26, suggesting the two isolates
should be classified as the same species. The results of phenotypic characterisation, as
well as 16S TRNA gene sequence similarity, SDS-PAGE and CFA analyses conducted
in this study demonstrate, that strains DBIAT and R26 represent a new species within
the genus Clostridium, for which the name Clostridium gasigenes has been proposed

(Broda et al., in press c).

Description of Clostridium gasigenes sp. nov. Clostridium gasigenes (ga.si’ge.nes.
L. n. gasum gas; Gr. v. gennaio produce; N. L. gen. n. gasigenes gas producing).
Colonies on sheep blood agar measure from 0.7 to 3.0 mm in diameter and are circular;
with entire margin; grey-white to grey; convex, shiny and B-haemolytic. Cells are Gram
positive motile rods producing elliptical subterminal spores during late-stationary
growth phase. The microorganism is psychrophilic and grows between -1.5°C and
26°C (the optimum growth temperature is 20°C to 22°C). At 20°C the pH range for
growth is 5.4 to 8.9 and the optimum pH for growth is 6.2 to 8.6. In Peptone Yeast
Extract (PY) broth with 0.1 % w/v yeast extract the organism grows little or not at all in
the absence of fermentable carbohydrate. Cellobiose, fructose, glucose, inositol,
maltose, mannose, salicin and trehalose are fermented. Gelatine, esculin and starch are
hydrolysed. The fermentation products formed in Peptone Yeast Extract Glucose
Starch (PYGS) broth are ethanol, acetate, butyrate, lactate, butanol, carbon dioxide and
hydrogen. The DNA base composition is from 28.3 to 29.4 mol% G+C. Isolated from
an incident of ‘blown pack’ spoilage of vacuum-packed chilled lamb. Causes gas
production and pack distension in vacuum-packed chilled lamb. The type strain is
DBIAT. This strain has been deposited in the DSMZ under the culture collection
number DSM 12272.
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Chapter 4. Delineation of Previously Undescribed Clostridial Species

Taxonomic status of meat strain SPL73"

Polyphasic differentiation of strain SPL73" from its taxonomic neighbours.
Results of 16S rRNA gene sequence similarity analysis and database searches show that
strain SPL73" was most similar to C. aerotolerans DSM 54347, C. xylanolyticum DSM
65557, C. celerecrescens DSM 5628" and C. sphenoides DSM 632". The results of
phylogenetic analyses demonstrate, however, that the meat strain represents a distinct
deep branch within a phylogenetic unit containing two strains of C. xylanolyticum and
C. aerotolerans (Fig. 4.20). The meat strain characterised in this study was readily
distinguished from its phylogenetic neighbours by its soluble protein profiles and
cellular fatty acid profiles, as well as phenotypic properties (Table 4.11). The
phylogenetic relatives of strain SPL73" are mesophiles and grow optimally at
temperatures between 35°C and 38°C (Cato et al., 1986; van Gylswyk and van der
Toorn, 1987; Palop et al., 1989; Rogers and Baecker, 1991), whereas the meat strain is
unable to grow at temperatures above 32.2°C and grows optimally between 25.5°C and
30.0°C. In contrast to C. aerotolerans, strain SPL73"T was obligately anaerobic.
Additional phenotypic properties that differentiate strain SPL73" from C. xylanolyticum
were fermentation of arabinose and lactose (the meat strain ferments these two
carbohydrates, whereas C. xylanolyticum does not) and from C. aerotolerans was
fermentation of inulin and trehalose (in contrast to C. aerotolerans the meat strain
ferments inulin, but not trehalose) (van Gylswyk and van der Toorn, 1987; Rogers and
Baecker, 1991). Unlike strain SPL73", its two other nearest phylogenetic neighbours,
C. sphenoides and C. celerecrescens, produce indole and ferment a different range of
carbohydrates (Cato et al., 1986; Palop et al., 1989).

The results of detailed phylogenetic analyses conducted in this study placed strain
SPL73" in Cluster XIVa of the genus Clostridium (sensu Collins et al., 1994).
Members of Cluster XIVa are phylogenetically distinct from sensu stricto clostridia
belonging to Cluster I (Collins et al., 1994), i.e. IRNA homology group I (Johnson and
Francis, 1975).

206



Table 4.11. Some properties which differentiate strain SPL73" from phylogenetically related clostridia.

Phenotypic property SPL73" C. xylanolyticum C. aerotolerans C. sphenoides C. celerecrescens
DSM 6555™* DSM 5434+ DSM 63271 DSM 5628"§

Maximum growth temperature ("C) 32.2 NR <45 <45 NR

Optimum growth temperature (°C) 25.5-30.0 35 38 30-37 35

Fermentation products AJFL)b2,4 F,L.A2 AJF,L,2 A2 (Fs,)) A,F,B,ib,iv,c;s,2

Gelatine hydrolysis — - - - +

Indole production - - - + +

Nitrate reduction - - - t -

Fermentation of

Arabinose + - + -w +

Inulin + NR - - -

Lactose + - + +w +w

Trehalose - - d d +

*_ results from Rogers & Baecker (1991); 1, results from van Gylswyk & van der Toorn (1987); 1, results from Cato et al. (1986); §, results from Palop et al. (1989). Results

in parentheses are for some strains of the species. +, positive; , negative; w, weak reaction (at pH 5.5-5.9); d, 40 to 60 % of strains positive; £, 61 to 89 % of strains positive;

NR, not reported; A, acetate; B or b, butyrate; c, caproate; F or f, formate; ib, isobutyrate; iv, isovalerate; L or 1, lactate; s, succinate; 2, ethanol; 4, butanol. Upper case letters

indicate major and lower case letters indicate minor fermentation product.
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Chapter 4. Delineation of Previously Undescribed Clostridial Species

Cluster XIVa contains phenotypically and phylogenetically heterogenous
microorganisms which include non-sporeforming cocci (e.g. ruminococci), aerotolerant
rods that stain Gram negative (e.g. C. aerotolerans), and other organisms that frequently
have one or more characteristics conflicting with those defined for members of the
genus Clostridium (Cato et al., 1986). Future taxonomic reclassification of this cluster
is, therefore, likely to define a number of new genera and may result in nomenclatural
changes for clostridial species currently contained within the cluster. However, until a
taxonomic review of the genus Clostridium is undertaken, strain SPL73T can be

assigned to the genus Clostridium.

The majority of known psychrophilic and psychrotrophic Clostridium spp. appear to
form a very diverse group of dominantly Gram positive, low-G+C-content organisms
belonging to Cluster I clostridia (Collins ez al., 1994). Strain SPL73", with its multi
layer thin section profile of cell wall type, G+C content of 38.4 mol% and phylogenetic
placement in Cluster XIVa, can be readily differentiated from non-proteolytic C.
botulinum types B, E and F (Cato et al., 1986), C. estertheticum (Collins et al., 1992),
C. algidicarnis (Lawson et al., 1994), C. vincentii (Mountfort et al., 1997), C.
frigidicarnis (Broda et al., 1999) and C. gasigenes (Broda et al., in press c). This meat
strain differs from C. arcticum (which stains Gram negative and is not yet characterised
with respect to G+C content and phylogenetic placement) and from C. fimetarium
(which has a G+C content of 35.6 % and also lacks phylogenetic characterisation data)
by its ability to hydrolyse starch and ferment lactose, maltose, raffinose, rhamnose and
sucrose (Jordan and McNicol, 1979; Kotsyurbenko et al., 1995). In addition, strain
SPL73" is unable to produce indole, whereas C. arcticum is able to do so, and strain
SPL73T ferments arabinose, whereas C. arcticum does not. Unlike strain SPL73T, C.
putrefaciens is non-saccharolytic (Cato et al., 1986) and C. laramiense reduces nitrate,
has lipase activity and ferments a different range of carbohydrates (Kalchayanand et al.,
1993).
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Chapter 4. Delineation of Previously Undescribed Clostridial Species

The common sources of xylan-fermenting clostridia are farm soil, animal feeds and
wood chips (Lamed and Zeikus, 1980; van Gylswyk and van der Toorn, 1987; Rogers
and Baecker, 1991).  Xylanolytic clostridia (e.g. C. polysaccharolyticum, C.
aerotolerans) may also be present in the rumen. However, since strain SPL73" cannot
proliferate at temperatures above 33°C, well below a ruminant’s body temperature, the
source of carcass contamination with this meat strain appears to be extrinsic. Such
contamination may occur as a result of contact with spores that either survive passage
through the digestive system of slaughter animals or those from environmental sources
carried on the coats of slaughter stock. Alternatively, contamination may have occurred
from a secondary source located within the meat plant, such as the ventilation or

drainage systems.

Both the phenotypic characterisation and a unique phylogenetic position of strain
SPL73" demonstrate that the meat strain should be classified as a new species within the
genus Clostridium. For this species the name Clostridium algidixylanolyticum has been

proposed (Broda et al., in press b).

Description of Clostridium algidixylanolyticum sp. nov. Clostridium
algidixylanolyticum (al.gi.di.xy.la.no.ly'ti.cum L. adj. algidus cold; Gr. derived M.L.
xylanum xylan; Gr. adj. lyticus dissolving; N. L. gen. n. algidixylanolyticum cold xylan
dissolving). Colonies on sheep blood agar are 0.8 to 2.5 mm in diameter, circular with
entire margin, grey-white, translucent and B-haemolytic. Cells are single tapered motile
rods (1.8 to 2.8 pum long and 0.5 to 0.8 pm wide). Cell wall type is Gram negative.
Elliptical spores do not swell maternal cells and are produced in late stationary growth
phase. The microorganism is obligately anaerobic. At pH 7.0 the microorganism grows
optimally between 25.5°C and 30.0°C. At 26°C it grows optimally at pH 6.8 to 7.0.
The temperature range for growth is 2.5°C to 32.2°C. The pH range for growth is 4.7 to
9.1. The microorganism is saccharoclastic, and it ferments arabinose, cellobiose,
fructose, galactose, glucose, inulin, lactose, maltose, mannose, raffinose, rhamnose,

salicin, sucrose and xylose. Starch is hydrolysed and xylan is degraded.
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Chapter 4. Delineation of Previously Undescribed Clostridial Species

The fermentation products formed in PYGS broth are acetate, formate, lactate, ethanol,
butyrate, butanol, hydrogen and carbon dioxide. The supernatant of the broth culture of
the microorganism is non-toxic to mice. The DNA base composition is 38.4 mol%
G+C. Isolated from vacuum-packed temperature-abused raw lamb. The type strain is
strain SPL73".  This strain has been deposited in the Deutsche Sammlung von
Mikroorganismen and Zellkulturen GmbH, Braunschweig, Germany, under the culture

collection number DSM 12273.

Taxonomic status of meat strains K21 and K24

The results of 16S rRNA gene sequence similarity and treeing analysis conducted in this
study demonstrated that strains K21 and K24 are taxonomically related to
microorganisms in Cluster I of the genus Clostridium (Collins et al., 1994), and in
particular to C. estertheticusm DSM 8809" and C. subterminale DSM 6970". C.
argentinense, C. tetanomorphum, C. sporogenes and proteolytic C. botulinum type A
were indicated as more distant taxonomic neighbours of the two meat strains. While
sequence divergence values of strains K21 and K24, and C. estertheticum of
approximately 2.1 % indicate that these meat strains may or may not be assigned to a
new species (Stackebrandt and Goebel, 1994), sequence divergences of the meat strains
and their other neighbours of approximately 4.3 to 7.0 % indicate that these
microorganisms are probably related at inter-species level. The meat strains
characterised in this study were readily distinguished from C. estertheticum and C.
subterminale by their soluble protein profiles and cellular fatty acid profiles. With the
exception of C. estertheticum, the taxonomic relatives of strains K21 and K24 are
mesophiles and grow optimally at temperatures between 35°C and 38°C (Cato et al,
1986; Collins et al., 1992). In contrast, the meat strains characterised in this study are
unable to grow at temperatures above 25°C and grow optimally between 14.5 and
21.0°C. Additional phenotypic characteristics that differentiate strains K21 and K24

from their taxonomic neighbours are presented Table 4.12.

The phenotypic characteristics of strains K21 and K24 also differed from those of the
other psychrophilic clostridia (Table 4.13).
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Table 4.12. Some properties that differentiate strains K21 and K24 from taxonomically related clostridia excluding C. estertheticum*.

C. botulinumt

Phenotypic property K21/K24 C. subterminalet C. argentinenset  C. tetanomorphumi C. sporogenest
proteolytic type A
Fermentation products A,B,ic,l,py,2 AB,iV,ib (fp,ic,l,s,2)  A,B,iv,ib (1,2,4) AB,2,4 A,B,iv,ib,2 (p,ic,v,l,5,4) A,B,iV,ib (ic,v,p,2,3,4)
Gelatine hydrolysis + + + - + +
Meat digestion - £ + — + +
Lipase activity — - — + + +
Lecithinase activity + * - - - -
Esculin hydrolysis - - - NR + +
Fermentation of
Fructose + — — + —w) —W)
Glucose + - - + + +
Maltose + - - + _ (W)
Trehalose + — — NR - _
Xylose — - - - — —

*, comparison of properties of strains K21 and K14, and C. estertheticum is included in Table 4.12; 1, results from Cato et al. (1986); £, results from Wilde et al. (1989).
Results in parentheses are for some strains of the species. +, positive; -, negative; w, weak reaction (pH from 5.5 to 5.9); NR, not reported; A, acetate; B, butyrate; L or |,
lactate; ib, isobutyrate; ic, isocaproate; iV or iv, isovalerate; F or f, formate; o, oxalacetate, p, propionate; py, pyruvate; s, succinate; v, valerate; 2, ethanol; 4, butanol. Upper

case letters indicate major and lower case letters indicate minor fermentation product.
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Table 4.13. Some properties that differentiate strains K21 and K24 from other psychrophilic clostridia and C. putrefaciens.

Phenotypic property K21/K24 C. vincentii* C. estertheticumt C. fimetarium# C. laramiense § C. putrefaciens
Maximum growth temperature (°C) 25 20 15 30 20 <37
Optimum growth temperature (°C) 14.5-21 12 10-12 20-25 15 15-22
Fermentation products A,B,ic,l,py,2 AF,.B B,A AFL,>2 A,B,ib,p a,f)1,(s)
Starch hydrolysis - — + - + -
Fermentation of

Arabinose - NR + + - -
Galactose - + + + + -
Mannitol - NR + - + -
Xylose - + + + - -

*, results from Mountfort et al. (1997); 1, results from Collins et al. (1992); 1, results from Kotsyurbenko et al. (1995); §, results from Kalchayanand et al. (1993); 1], results

from Cato et al. (1986). For abbreviation and symbols, see Table 4.12.
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Chapter 4. Delineation of Previously Undescribed Clostridial Species

During growth in PYGS broth, the meat strains produced a complex mixture of five
volatile and nonvolatile fatty acids and one alcohol, including isocaproic and pyruvic
acids. None of the previously described psychrophilic clostridia are known to produce
this combination of compounds (Cato et al., 1986; Collins et al., 1992; Kalchayanand et
al., 1993; Kotsyurbenko et al., 1995; Mountfort et al., 1997). The meat strains were
readily distinguished from C. estertheticum, C. fimetarium, C. laramiense, C.
putrefaciens and C. vincentii by their maximum and optimum growth temperature and
substrate utilisation pattern (Table 4.13). In addition, C. estertheticum can hydrolyse
esculin and ferment salicin and sorbose, while strains K21 and K24 cannot utilise these
three substrates. C. laramiense exhibits lipase but not lecithinase activity, ferments
inositol, raffinose and sucrose and reduces nitrate but does not hydrolyse gelatine
(Kalchayananad et al.,, 1993). In contrast, the meat strains are lipase negative,
lecithinase positive, cannot ferment inositol, raffinose and sucrose, do not reduce nitrate
and can hydrolyse gelatine. With respect to the optimum and maximum growth
temperatures, the meat strains showed closest similarity with C. putrefaciens. However,
unlike C. putrefaciens, strains K21 and K24 were saccharolytic. These strains also
differed from C. fimetarium and C. vincentii in a range of utilisable substrates (Table
4.13).

A high level of 16S rRNA gene homogeneity and only small differences in phenotypic
characteristics were found between strains K21 and K24, suggesting the two isolates
should be classified as the same species. The results of phenotypic characterisation and
chemotaxonomic analyses conducted in this study provided consistent evidence that
strains K21 and K24 may represent a new species within the genus Clostridium.
However, a high degree of 16S rRNA gene homogeneity between these strains and C.
estertheticum, as well as some degree of similarity with respect to growth temperatures,
ecological niche and meat spoilage potential indicate that DNA-DNA hybridisation
studies may be required to confirm genomic distinctiveness of strains K21 and K24

from C. estertheticum, another ‘blown pack’ spoilage causing bacterium.
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Chapter 4. Delineation of Previously Undescribed Clostridial Species

Deposition of the 16S rRNA gene sequence for strain K21 in the GenBank database,
and deposition of this strain in the DSMZ culture collection have been delayed until its

genomic distinctiveness has been established.

Conclusions

Seven meat strains of psychrophilic and psychrotrophic Clostridium spp. from vacuum-
packed meats were characterised using a polyphasic approach. Phylogenetic analyses
indicated that all the strains belong to the genus Clostridium (sensu Collins et al., 1994).
The meat strains differed from taxonomically related clostridia in cellular fatty acid
composition, soluble protein profiles and phenotypic properties. On the basis of 16S
rDNA similarity analysis, and phylogenetic and phenotypic characterisation five meat
strains were assigned to one of three new species, for which the names Clostridium
frigidicarnis, Clostridium gasigenes and Clostridium algidixylanolyticum are proposed.
DNA-DNA hybridisation studies may be required to confirm genomic distinctiveness of

the remaining two meat strains from previously described clostridial species.
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General Discussion

General discussion

Cause of ‘blown pack’ spoilage: the search for a spoilage agent

Historically, spoilage of meat due to growth of clostridia has been attributed to a
compromised chilling regime and/or processing hygiene and, with modern processing
practices, this type of spoilage has been thought to be a matter only of historical interest
(Roberts and Mead, 1986; Gill, 1991). Meat spoilage by psychrophilic and/or
psychrotrophic species of clostridia had not been anticipated. Until 1989, only three of
over 100 clostridial species were known to be able to grow at refrigeration temperatures
(Cato et al., 1986) and these had not been found in high numbers on vacuum-packed
chilled meat. Consequently, when incidents of ‘blown pack’ spoilage of vacuum-
packed chilled meats were initially reported (Dainty ez al., 1989; Kalchayanand et al.,
1989), it appeared that these might be scientific curios, and that populations of
psychrophilic and/or psychrotrophic Clostridium spp. may be considered an ecological
rarity, rather than a serious processing threat. Surprisingly, however, more incidents of
clostridial spoilage of vacuum-packed meats have been reported and, in the studies that
followed (Boerema et al., 1997; Broda et al., 1997), hundreds of psychrophilic and
psychrotrophic clostridial isolates have been obtained from meat, slaughter stock and

the meat plant environment.

Typically, searches for obligately anaerobic cold-loving microorganisms were
conducted in anaerobic, permanently cold environments, such as deep marine sediments
of the polar regions, and some of these searches have seen the successful isolation of
psychrophilic and psychrotrophic clostridia (Starka and Stokes, 1960; Roberts and
Hobbs, 1968; Jordan and McNicol, 1979). These microorganisms were thought to be
less likely to occur in seasonally cold environments of varying anaerobiosis, such as a
farm or meat processing plant. Furthermore, searches for psychrophilic clostridia in
warm-blooded animals would not appear logical; these being long recognised as

reservoirs of mesophilic clostridia associated with animal disease.
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It is likely that the use of culture at temperatures suitable for the growth of mesophiles,
as well as the use of media that selected for pathogenic clostridial species, might have
prevented earlier detection of psychrophilic and psychrotrophic clostridia that survived
as spores during passage through the digestive system of slaughter animals. The
widespread presence of psychrophilic and psychrotrophic clostridia in slaughter animals
may have been overlooked because this specific environment had been screened with

inappropriate methods.

In the past, the spoilage status or shelf life expectancy assessments of meat have been
strongly enumeration based. The propensity for spoilage was thought to correlate
positively with the initial bacterial numbers present on the meat surface. Similarly,
specific organisms needed to be present on meat in high numbers to be considered as
primary causative agents of meat spoilage. Because the majority of bacteria associated
with vacuum-packed meats were thought to be aerobic, facultatively anaerobic or
microaerophilic species, these bacterial populations are routinely enumerated using
aerobic methods (Bell ez al., 1997). It has been shown, however, that spoilage bacteria
constitute only a minor proportion of the initial microflora present on meat and,
consequently, total number of contamination microorganisms often provides a poor
indication of an expected shelf life of a product (Mékeld and Korkeala, 1987; Borch et
al., 1988). Similarly, ‘blown pack’ spoilage of clostridial aetiology, low or moderate
counts of common spoilage microorganisms together with an absence of other
identifiable spoilage agent(s) may not reflect the actual sensory attributes and spoilage

status of a product.

Some microorganisms, e.g. Shewanella putrefaciens, are able to spoil meat when
present in only moderate numbers. Others, including Clostridium spp., while being
metabolically active on meat, may compete poorly in laboratory enrichment or even be
inhibited on routine microbiological media. It is also possible for spoilage to be caused
by novel microorganisms, such as psychrophilic or psychrotrophic clostridia, whose
growth has been promoted in an ecological niche created by the changing meat

processing system. It appears, therefore, that traditional, enumeration driven
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assessment of microbiological quality of meat may need to be modified to allow the role
of microorganisms that have high spoilage potential, but are difficult to cultivate or
those associated with a specific niche in meat spoilage to be recognised. It is expected
that the development of an alternative base for this assessment may be greatly helped by

the use of molecular methods.

Our entire knowledge of the composition of meat microflora and its role in meat
spoilage has been derived from culturing on laboratory media. It has been assumed that
the nutritional and environmental requirements of spoilage associated microorganisms
are known and are reproducible under laboratory conditions. However, as demonstrated
with ‘blown pack’ causing clostridia, some bacterial species cannot be readily cultured
on routine laboratory media and others may even be permanently non-culturable.
Recently, it has been postulated that in some ecosystems as much as 99 % of the total
microbial populations may have a viable but non-culturable status (Amann et al., 1995;
Pace, 1997; Ward et al., 1998; Hugenholtz et al., 1998). The diversity of microbial
populations that occur naturally on meat, in slaughter stock and/or in farm and meat
plant environments may be studied with the analysis of cloned rRNA genes (Amann et
al., 1994). 1t is expected that molecular characterisation of these naturally occurring
microbial populations may give a new perspective on the spoilage and pathogenicity

potential of meat associated bacteria.

In the present study the traditional approach to determining the cause of meat spoilage
has been explored. With this approach, bacterial isolation, identification and typing are
necessary to confirm that a microorganism causes specific spoilage symptoms and to
determine the source of that spoilage agent. However, recent developments in
molecular ecology and epidemiology appear to question this traditional approach. It is
now recognised that with some (e.g. non-culturable) microorganisms it may not be
possible to satisfy the Koch’s third postulate in its traditional form, i.e. under
experimental conditions to reproduce disease/spoilage symptoms identical to those
observed originally. Similarly, with psychrophilic and psychrotrophic clostridia that did

not caused ‘blown pack’ spoilage symptoms when inoculated in pure cultures, future
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studies may determine whether synergy between several strains or the density of
clostridial populations on meat are significant determinants in the occurrence of ‘blown

pack’ spoilage.

Low temperature is increasingly being used to extend shelf life of fresh meat. Between
meat production and its consumption, numerous opportunities are presented to low-
temperature-growing organisms to colonise this habitat. The changes to food
processing and preservation inevitably mean new ecological niches are being created.
The different conditions select microbial populations that differ from those traditionally
associated with products. These are likely to be either opportunistic psychrophilic and
psychrotrophic bacteria that are in the right place at the right time or bacteria able to
adapt to cold habitats (Palumbo, 1986; D’Aoust, 1991; Gounot, 1991). It is expected
that the role of both these microbial groups in meat spoilage and food-borne disease will

increase in coming years.

Cause of ‘blown pack’ spoilage: taxonomic considerations

In the last decade, bacterial systematics has been strongly shaped by phylogenetic data.
Many bacterial groups have been renamed and reclassified to reflect ‘natural’
relationships of their members. In recent years, description of many previously
unrecognised, as well as novel, species of spoilage microorganisms has usually
employed the polyphasic approach that, as currently used, is directed by phylogenetic
data. To fulfil the requirements of this approach, considerable effort has been made in
the present study to describe phylogenetic placement of the newly described species C.
frigidicarnis, C. gasigenes and C. algidixylanolyticum among their closest relatives

within the genus Clostridium.

The intellectual desire to classify organisms according to the ‘natural order’ is an
ancient one. Early cladists considered taxonomy to be the highest science because the
insight into arrangement of God-made species was thought to allow insight into God’s
mind (Gould, 1998). It was through the use of molecular methods that it was thought

that, for the first time in history, ‘natural’ relationships between microorganisms could

218



General Discussion

be deduced. In a relatively short time cladistic data have become predominant in the
classification and delineation of microbial taxa. However, the role that lateral transfer
of genes between both closely or distantly related organisms has been and is playing in

confounding the cladistic approach is increasingly recognised (Doolittle, 1999).

The widespread exchange of microbial genes may mean that the gene hierarchy cannot
be treated as a synonym for hierarchy of whole organisms and that, with gene data, the
construction of an inclusive hierarchy of microorganisms may not be possible. In
systematics, lateral transfer of microbial genes changes the way various taxonomic
groups are delineated, while they can be described by a proportion of shared genes,
these groups no longer can be described by shared ancestry. Consequently,
phylogenetic analysis for classification and delineation of microbial taxa can be

considered redundant.

In contrast to early, artificial classifications of microorganisms, the use of molecular
sequence data for constructing phylogenetic classifications has promised to give a
coherent, objective base to microbial systematics. However, genotypic approaches have
failed to derive a precise definition of the basic taxonomic rank, the microbial species,
and a basis for its recognition has remained empirical and subjective. Throughout
history, microbiologists were free to recognise as a species any group of strains that had
some common characteristics that could be satisfactorily distinguished from other
groups of strains. Today, microbial species may be viewed as a group of strains that
share a basic genome structure but to increase adaptability to various environments,
commonly exchange genes with other microbial groups. It, perhaps, should come as no
surprise that classification of phenotypically and genotypically disparate entities lacks

academic coherency.

The majority of microbiologists working in the area of food-borme disease and food
spoilage recognise sufficient stability of clonal populations of bacteria for bacterial
species to be recognised as more than a purely artificial concept. Notwithstanding the

ongoing discussions concerning natural versus artificial classifications, simple
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classification schemes that enable ready recognition of an unknown microorganism
need to be available to bacteriologists for the purpose of disease/spoilage diagnosis.
Although with molecular approaches individual bacterial strains can be characterised
with great precision, their identification had become increasingly difficult. The present
study demonstrated that neither a phenotypic nor a genotypic approach enabled the
allocation of some meat strains of ‘blown pack’ associated clostridia to known
clostridial species. It is thought that the transformation of the data gathered in this study
into a practical identification system that enables recognition of psychrophilic and

psychrotrophic clostridia should take precedence in future taxonomic studies.

In the present study, attempts to identify some of the NZ psychrotolerant C. botulinum-
like meat strains accentuated the conflict of the academic and diagnostic approaches to
the taxonomy of these microorganisms. With the 16S rRNA gene approach, these meat
strains would have been identified as C. botulinum. Traditionally, however, the
‘botulinum’ epithet has been assigned solely on the basis of a diagnostically important
property, botulinal neurotoxin production. The New Zealand clostridial isolates have
been found unable to produce neurotoxin and, sensu stricto, these isolates are not C.
botulinum. Furthermore, the presence of these isolates on vacuum-packed meat will not
compromise microbiological safety of the product. For practical reasons, taxonomy for
diagnosis requires that bacterial nomenclature reflects the connection between a
microorganisms and disease. With human and animal pathogens, this pragmatic
taxonomy overrides taxonomy that is developed for academic purposes. Species
epithets of New Zealand C. botulinum-like isolates derived from the 16S rRNA gene
sequence comparisons would not reflect their non-toxigenic status and would
incorrectly imply that food safety hazard exists when one does not exist. Consequently,

it is believed that these isolates should be renamed.

Recent developments in microbial systematics have certainly elucidated the extent of
the complexity of bacterial relationships. The occurrence of lateral gene transfer
between microbial species has recalled the worst horror of early cladists: “Were these

units capable of blending with one another indefinitely, they would no longer be units,
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and species could not be recognised. The system of life would be a maze of
complexities (...) it would be unintelligible chaos to man” (Dana, 1857; in Gould,
1998). As shown with molecular approaches to classification and delineation of taxa,
chaos may actually be the natural state of microbial relationships. Furthermore, lateral
gene transfer that, with microorganisms, occurs by natural mechanisms, has become a

reality for higher organisms by means of human intervention, genetic engineering.

Control of ‘blown pack’ spoilage: possibilities for intervention

Research into the cause of ‘blown pack’ spoilage has been undertaken in the present
study because it was believed that knowledge of the causative agent(s) would enable
modification of processing conditions in the way that growth of these agents on

vacuum-packed meat is prevented.

With at least some species, spores of psychrophilic and psychrotrophic clostridia
causing ‘blown pack’ spoilage appear to be brought into the meat processing
environment by the slaughter animals. The route for carcass contamination with these
organisms appears to be extrinsic and contamination is likely to occur by contact with
the slaughter animals’ own faeces or hides. Control of ‘blown pack’ spoilage of
vacuum-packed meat can, thus, be approached in a manner that includes (1) preventing
the initial contamination, (2) removing clostridia from carcasses or (3) preventing their

germination and growth on meat.

Prevention of carcass contamination in the first place would concern general measures
to improve plant sanitation and dressing hygiene. It is possible that the initial load of
‘blown pack’ spoilage causing clostridia on the carcass can be reduced by limiting the
direct access to the slaughter floor of poorly presented/dirty animal stock, or by
applying a different dressing system. Removal from the abattoir of in-plant sources of
psychrophilic and psychrotrophic clostridia would minimise re-contamination of the
product. However, due to the high prevalence of these microorganisms in slaughter
stock (Boerema et al., 1997) the limitation rather than absolute prevention of transfer of

clostridia onto carcasses may only be feasible. Plant sanitation and process hygiene
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would remain paramount in containing, if not controlling, meat plant spread of

psychrophilic and psychrotrophic Clostridium spp.

Because ‘blown pack’ spoilage clostridia are likely to be present on carcasses as spores,
extreme carcass/cut decontamination procedures, such as y-irradiation of the packed
product, would be required to ensure their elimination. Such decontamination

treatments are currently unacceptable in New Zealand meat processing.

An alternative approach to controlling ‘blown pack’ spoilage may be prevention of the
outgrowth of clostridial spores present on meat cuts by inhibition of spore activation
and/or germination. Heat-shock is often required to activate clostridial spores. To
clostridial spores present on the meat surface this requirement may be satisfied during
the heat shrinking procedure applied to the meat cut after vacuum packaging. - This
procedure consists of brief immersion in, or exposure of the packed product to, hot
water or steam, respectively. On the other hand, clostridia are renowned for their exact
germination requirements. Little is known, however, about conditions under which the
germination of psychrophilic and psychrotrophic clostridial species may occur in
vacuum-packed meat. It has been suggested that storage temperature, meat pH,
glucose/lactate availability, interactions between clostridia and competing microflora,
and combinations of these factors may be involved. Whether inhibition of the
outgrowth of clostridial spores may be achieved through judicious selection of

appropriate combinations of the above factors remains to be determined.

Although this study did not deliver an instant answer concerning control of ‘blown
pack’ spoilage, it has added to our understanding of the aetiology of this type of
spoilage. It is hoped that this knowledge will advance the process of developing
efficient measures to control meat spoilage caused by the growth of psychrophilic and

psychrotrophic clostridia.
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Summary of Conclusions

= Conventional phenotype-based methods were found to be ineffective for the
identification of psychrophilic and psychrotrophic clostridia associated with the

spoilage of chilled meats.

= 16S rDNA based molecular methods were shown to effect differentiation of
psychrophilic and psychrotrophic clostridia at a genotypic species level and below.
The use of these methods for the identification of unknown clostridial isolates needs

to be approached with care.

* With genomic DNA- and/or the 16S-23S rDNA internal transcribed spacer-based
methods, strains of psychrophilic and psychrotrophic clostridia from their natural
sources and from spoiled meat can be differentiated at intra-species or inter-strain

levels.

» Hides and faeces of slaughter animals were identified as a common source of many
species of psychrophilic and psychrotrophic clostridia. One of these species was

confirmed as a causative agent of ‘blown pack’ spoilage.

* FEight local isolates of psychrotrophic clostridia were identified with genotypic

methods as non-toxigenic non-proteolytic C. botulinum type B-like strains.

* Five local isolates of psychrophilic and psychrotrophic clostridia were found to
represent three previously undescribed clostridial species; these new species have

been characterised and named.
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Recommendations for Future Research

* Molecular methods should be applied to determine qualitative composition of
naturally occurring microbial populations on slaughter animals, dressed carcasses

and in the meat plant environment.

* C. botulinum-like isolates should be renamed to reflect the non-toxigenic status of

New Zealand derived meat strains.

= The effect of meat processing procedures, such as heat shrinking of vacuum-packed
product, on the germination of spores of psychrophilic and psychrotrophic clostridia

should be determined.

* DNA-DNA homology studies should be employed to establish whether isolates K21

and K24 belong to known or previously undescribed clostridial species

* Molecular highly discriminatory methods should be used to assess clonality of

source and spoiled product derived isolates of psychrophilic clostridia.

= A routine system, based on available phenotypic and genotypic information, should
be developed to enable ready recognition of psychrophilic and psychrotrophic

clostridia associated with ‘blown pack’ spoilage of vacuum-packed meats.
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