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ABSTRACT

Heat resistance and inactivation of processed meat spoilage
lactic acid bacteria was investigated in wvitro and by
in~package pasteurization of South African vacuum~packaged
vienha sausages. In vitro heat resistance of four lactic
acid bacteria straine was low, since reductione of at least
one log cycle in bacterial numbers occurred upon heating at
57, 60 and 63°C in guarter=-strength Ringers solution for
one mninute. In v.tro heat resistance data were used to
calculate three in~-package pasteurization treatments of
increasing severity for wacuum~packaged vienna sausages.
Depending on treatment, pasteurization in a water ~ooker at
67°C increased microbiological shelf life of saisages to
10, 14 and 17 times that of control samples, during storage
at 8°c. Although in-package pasteurization successfully
decreased growth of spoilage 1lactic acid bacteria and
increased product shelf life, it 4id not entirely prevent
spoilage by pediococei. Since pasteurization also promoted
growth of potentially pathogenic Bacillus and Clostridium,
safety of pasteurized vacuam~packaged vienna sausages was
compromised.
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1.1 Microbial ecology of vacuum-packaged processed
neats

1.1.1 Definition of processed meats

Pruocessed meats are salted, or salted and cured. They may
either be raw or cooked and are commonly subjected to some
form of mechanical disruption during processing. They
usually contain a wvariety of additives such as starch,
spices and nitrite (Dodds and Collins-Thompson, 1984;
Tompkin, 1986)}. Processed meats include products such as
ham, bacon, corned beef, luncheon meats as well as raw,
fermented and cooked enmulsion-type sausages (Egan, 1983;
Genigeorgis, 1984; Tompkin, 1286). Cured, emulsion-type
sausages consist of meat, salt, sugar, sodium nitrite (or
nitrate} and spices (Price and Schweigart, 1971). Many
processed meat products are vacuum—-packaged as a final
processing step, in order to delay spoilage and incrpase
shelf 1life (Sharpe, 1962; Mukherdji and Qvist, 1981}.
Vienna sausages are smoke-cooked, emulsion-type sausages
consisting of meat, spice and binding component emulsion
filled into impermeable artificial casings. After the heat
treatment, +the casings are mechanically removed from the
sausages and sausages are packed into gas impermeable bags
and vacuum-sealed for refrigerated distribution and storage
(Dykes et 3al., 1991). Vienna sausages and other processed
meats provide an ideal environment for the growth of a
variety of microorganisms, such as bacteria, yeasts and
molds, since they are typically low acid (pH 6,Q), have a
high water activity (0,79 - 0,99) and contain a variety of
freely available nutrients, such as fats, carbohydrates and
vitamins (Allen and Foster, 1960; Nielsen and Zeuthen,
1985; Buchanan, 1986).

1.1.2 Microbiological contamination of vacuur-packaged
emlsion-type sausages

Raw meat emulsion used in the manufacture of emulsion-type
sausages is contaminated with a wide variety of
microorganisms such as yeasts, molds, Enterobacteriaceae,

Brochothyrix (B.) thermosphacta and lactic acid bacteria
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(Borch et 4&1., 1988; Dykes gt gl;, 1991). Lactic acid

bacteria (LAB) and B. thermosphacts have been reported to
ocour at levels of ca. 103 - 10° colony forming units
per gram (CFUg™L) in raw meat emulsions (Kempton and
Bobier, 1970; Borch et al., 1988; Dykes et al., 1991).
Even though sausages are initially contaminated by a wide
variety of microorganisms, the type, time and temperature
of cooking processes employed during manufacture directly
influence the resultant microbiclogical population of the
finjished product (Heizler et al., 1972; Carr and Marchello,
1986). Since cooking of processed meats raises the core
temperature *to at least 60°C and frequently above 70°C,
vegetative microorganisms present in the product are
destroved (Carr and Marchello, 1986). smoke~cooking of

el LM

vienna sausages, for example, was capable of destroying the

majority of microorganisms present in the raw emulsion
(Mukherji and vist, 1981; Dyvkes et al., 1991). Thus
vacuun~packaged emlsion-type sSausages are usually ot
subject to internal contamination and consequently spoilage
microcrganisms seldom arise from survival of the cooking
process. Most spoilage microorganisms are introduced by
surface contamination £from subseguent handling or slicing
of product (Allen and Foster, 1960; Fruin et al., 1978:
Nielsen and Zeuthen, 1984a.b; Korkeala and Lindroth, 1987;
Mikeld and Korkeala, 13887; Borch et al., 1988; Dykes et
al., 1991).

Vacuum-packaged emulsion-type sausages and other processed
meats have been reported to become  recontaminated by
diverse microbial populations  including Gram-positive
coccl, veasts, BEntercbacteriaceae and pathogens such as

Bagilius (Ba.)  «cereus, Stavhylococcus (8.) aureus,
Escherichia ¢oli, Salmonella spp., Clostridium {C.)
perfringens, IListeria (L.) monocytogenes and Yersinia
enterocolitica (Duitschaever, 1978; Fruin et 21., 1978;

Paradis and Stiles, 1978; Stiles and Ng, 1979; Nielsen and
Zeuthen, 1985; Kokubo gt al., 1986; Tompkin, 1986; Schwartz
et al., 1988; Rorvik and ¥Yndestad, 1991; wvon Holy et al.,
1992). In addition, spoilage microorganisms such as B.
thermosvhacta and LAB alsc recontaminated sausages after
heat processing (Allen and Foster, 1260; Egan et al., 1980;
Boreh et al., 1988; Dykes et al., 19917,
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1.1.3 Factors influencing microbiological spoilage of
vacuum-packaged emulsion-type sausages

The microbial spoilage ecology of — vacuum—packaged
emulsion-type sausages subsequent to initiz]l contamination
igs influenced by a number of factors. These select which
microbial groups will predominate in the spoilage

population (Tompkin, 1986). Such parameters are either
intrinsic; extrinsic or processing factors acting
interiependently (Scott, 1989). Intrinsic fa<tors are

prime determinants in establishing the savironment in which
microorganisms  compete for dominance. They include
chemical, physical and biochemical characteristics such as
nutrient composition, pL’, water activity (a,).,
antimicrobial factors (e.g., nitrate, nitrite, salt) and
redox . potential of the food product (Buchanan, 1986;
Leistner, 1987; Scott, 1989). The pH and water activity cf
vacuum-packaged eminlsion~-type sausages and other processed
meats are gca. 6.0 and 0,97 - 0,99, respectively, and
therefore permit growth of most bacteria, yeasts and molds
(Buchanan, 1986). Incorporation of antimicrobial compounds
such as sodium nitrite or nitrate into emulsion-type
sausages and other processed meats is effective in
inhibiting growth of food-associated pathogens such as C.
botulinum, €. perfringen* §. aureus, Ba. cereus and L.
monocvtogenes {Riemann et al., 1972; Sofos gt al., 1979;
Christiansen, 1980; Shshamat et al., 1980; Nielsen and
Zeuthen, 1984b; Buchanan, 1986; BScott, 1%89). While
nitrite also = inhibited the growth of spoilage
nicroorganisms such as B. thermosphacta, Enterobacteriaceae
and Moraxells, inhibition of Gram-positive cocci, yeasts
and LAB was less pronounced (Nielsen, 1983; Dodds and
Collins~Thompson, 1984; Botha and Holzapfel, 1987). Redox
potential is also regarded as an intrinsic factor, but is
influenced by extrinsic parameters such as packaging. The
interior of meats was determined to have sufficiently low
redox potential to prevent the growth of aerobic
microorganismg such as Psepdomonas spp., while facultative
anaerobic FEnterobacteriaceae could grow (Silliker et al.,
1980).

Extrinsic factors are mainly concerned with storage and
processing conditions, for example storage <times and
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temperatures, as well as the composition of the gaseous
atmosphere surrounding meat products (Tompkin, 1986; Scott,
1989). Since most processed meats are only seri-preserved,
refrigeration 1is generally required to retard the growth of
contaminating microorganisms. Thus in properly
refrigerated products, bacterial populations growing during
storage of processed meats will predominantly consist of
psychrotrophic species (species capable of growth at 5°C}),
while the growith oy mesophilic pathogenic species such as
C. botulipum (Types A and B), C. pepfringens, Salmopella,
8. aurxeus or Ba. gereus would not be expected (Paradis and
Btiles, 1978; Stiles and Ng, 1979; Nielssn and Zeuthen,
1984a,1985; Buchanan, 1986; Scott, 1989).

Packaging is an important extrinsic factor since it
directly influences the atmosphere and thus redox potentisl
o which processed meats and associated microorganisms are
exposed (Bell and Gill, 1982; Bell and de Lacy, 1983). The
use of vacuum~packaging reduces the oxygen concentration in
packs which retardse the growth of aerobic or
neon-competitive  facultatively  anaerobic species (e.qg.,
Bgetdomonas, Brochothrix and Moraxella) while enhancing the
growth of microaerophiles such as Lactobacillus and yeasts
{Buchanan, 1986; Schillinger and Licke, 1988).

Processing factors are procedures applied during food
manufacture that affect microbial contamination, surviwval
and growth {Scott, 1989). Heating of product was
previously mentioned +to be an important factor affecting
microbial contamination of processed meat products,
including vienna sausages. While product heating has been
shown to eliminate most vegetative microorganisms (Carr and
Marchello, 1986), thermotolerant sporeforming bacteria such
as Bacillus or Clestridium are well-known to survive heat
processing of processed meats (Houben, 1982; Nielsen and
Zeuthen, 1984a,b; Buchanan, 1986; Kokubo gt al., 1986).

1.1.4 Spoilage of vacuum-packaged emulsion—~type Saﬂsages
by lactic acid bacteria

Lactic acid bacteria constituted 1low initial numbers on
processed meat products, when compared to other microbial

groups such as Microcogous and Pseudomonas (Borch et al.,
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1988; Dykes et al., 1991). Reuter (1969), however, found
that regardless of initial numbers, ILAB became the
predominant spoilage populations of  vacuum-packaged
proceszed meats. Numerous studies also implicated the LAB
as yredominant spoilage populations of vacuum-packaged
emulsion~-type sausages, growing to high numbers (ga. 107
- 108 CFUg“lj during refrigerated storage (Sharpe,
1962; Nielsen, 1983; Eorkeala et al., 1985; Holzapfel and
Gerber, 1986; FKoxrkeala et al., 1987; Borch eh al., 1988;
Zurera-Cosano et al., 1988; von Holy et al., 199l1a,b; von
Holy and Cloete, 1992). Recontamination of emulsion-type
sausages by LAB from environmental sources occurred after
heat processing as a result of manufacturing processes and
handling (Borch gt al., 1988; Dykes et 21., 1991). This
was reinforced by observations that spoilage pepulations
were surface associated and did not originate from internal
sources (Korkeala and Lindroth, 1987; wvon Holy et al.,
1988). Contamination of sausages by heat resistant LAB
surviving the cooking process, however, was reported on a
few occasions (Niven et al., 1954; Milbourne, 1983; Borch
et al., 1988).

When the growth of aercbic spoilage microorganisms such as
Pseudomonas spp. is inhibited due to the use of low
permeability packaging naterials, the microaerophilic ILaB
can proliferate (Kitchell and Shaw, 1975; Egan, 1983;
Buchanan, 1986; Schillinger and Iiiicke, 1988). In addition
to vacuum-packaging, refrigeration and  substrate
composition =also favor the growth and eventual domination
of psychrotrophic LAB in emulsion-type sausages (Holzapfel
and Gerber, 1986). The production of lactic acid during
growth of LAB resulted in a pH decrease to levels
sufficient +o inhibit growth of other potential spoilage
microorganisns such as  B. thermosphacta and  the
Enterobacteriaceae (Schillinger and Liicke, 1988). The LAB
themselves may, however, +tolerate pH values as low as 4,0
{S8illiker et al., 1980; Franz et al., 1991). The
establishment of LAB as the predominant  speilage
populations of vacuum-packaged emulsion-type sausages and
other processed meats may also result £rom theix
antimicrobial activities. Lactic acid bacteria are known
to produce antimicrobial compounds suchk as diacetyl and
bacteriocins, which are inhibitory to the growth of a
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variety of  onmicreorganisms such - as yeasts and molds,
clostridia, L. monogvtogenes and §. aureus {Tagg et al.,
1976; Jay, 1982; Nielsen and Zeuthen, 1285; Wang et zl.,
1986; Xlaenhammer, 1988; Harris gt al., 1989; Schillinger
and Licke, 198%9; Spelhaug and Harlander, 1989 Schillinger
and Holzapfel, 1990; Berry et al., 1991; Hastings and
Stiles, 1991; Okereke and Montville, 1991;
Papathanasopoulos et al., 1991; Schiliinger et al., 1991;
Degnan et 2al., 1992; Motlagh et z2l., 1992; van Laack et
al., 1992}, :

In nost spoilage associations of vacuum-packaged processed
neats members of the genus Lactobacillus (atypical
streptobacteria) predominated (Reuter, 1981; Holzapfel and
Gerber, 1986; Morishita and Shiromizu, 1986), but were
often accompanied by the enterocccel, leuconostocs,
pediococei and streptococoi in varying proportions (Reuter,
1i981; wvon Holy and Cloets, 1992). In spoiled,
vacuun-packaged vienna sausages {VPVS) the hemofermentative
lactobacilli and leuconostocs dominated among spoilage LAR,
jointly comprising 24,3% of total LABR populations (von Holy
et al., 199ib). Von Holy et al. (1992), therefore, argued
that control measures against the spoiloege of VPVS should
be aimed specifically at homofermentative lactobacilli and
leuconostocs.

1.1.5 Microbiological | spoilage symptoms in .
vacuum-packaged emulsion-type sausages

Spoilage of vacuum-packaged emulsion-type sausages was
characterized by milky, watery exudates, sour "off" flavors
and gas which caused packages to blow (Borch gt al., 1988;
Korkeala et al., 1988; von Holy et al., 1991b; von Holy and
Cloete, 1992). All these defectz result in products
unacceptable to the consumer and thus represent an econcmic
loss to the processor. Since vacuum-packaged vienna
sausages account for approximately 23% of products
manufactured by South African meat processors (Business and
Marketing Intelligence, 1985), it is of considerable
econonic importance to achieve  control over the
microbiclogical spoilage of these products.
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1.2 Control strategies for vacum-packaged emulsion-~type
sausage spoilage

Although numerous preservation methods are used to make
processed mneats shelf-stable and safe, they are based on
relatively few  parameters (hurdles}, i.e. F (high
temperature), t (low temperature), a, (less available
water), pH (sufficient acidification), Eh (reduced oxygen
potential), preservation (e.g., nitrite, smoke, CO,} and
radiation (e.g., gamma rays) (Leistner, 1987). The hurdle
concept described by leistner (1987) recommends the
incorporation of combinations of these parameters at
appropriate intensities into food preducts, so that
undesirable microorganisms are unable to overcome them.
Spoilage of the meat product would, therefore, be prevented
or delayed. In addition, it was proposed that hurdles have
an intensifying effect, and thus enhancements of individual
hurdles  would exert a synergistic effect on the
microbiological stability of the product (Leistner, 1987;
Scott, 1989).

Limited opportunities, however, exist for manipulating
hurdles in VPVS without adversely affecting product
characteristics. Vacuum~packaged vienna sausages, being
typical processed meats, have pH’s and water activities

that allow for +the growth' of a wide variety o1

nicroorganisms, including LAB (Buchanan, 1986; Franz et
al., 1991).  Furthermore, meat spoilage LAB were shown to
be psychrotrophic and capable of growth at 3°C,

mirroaerophilic as well as resistant to inhibition by
snoke, nitrite and salt (Egan, 1983; Dodds  and
Collins~Thompson, 1984; Buchanan, 1986; Franz et 3al.,

1991), The wuse o©of high temperature (F) in addition to
refrigerated product storage, however, was considered an
attractive option to control the growth of spoilage LAB by
lowering initial levels of these contaminants in a
secondary or in-package pasteurization process. Spoilage
control by using high temperature appeared viable since
Bell {1983) found +the =size of microbial spoilage
populations that survived a pasteurization process to be
inversely related to the severity of the heat treatment
applied. Purthermore, product recontamination would be
prevented by the packaging material. Only microorganisms
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‘capable of surviving the in-package pasteurization process,
therefore, would be capable of causing product spoilage
{von Holy et 2l1., 1991a}. '

1.3 cControl of microbiological food spoilage by heat
treatment

1.3.1 Pasteurization of foods

Heat treatment of foods is one of the most widely used
methods for inactivating spoilage microorganisms (Moats,
1971). Although Pasteur’s application of mnild heat to
wines to delay or prevent spoilage led to the designation
of the process as ‘pasteurization’, the term has a broader
meaning in modern food processing technology. In this
sense, it refers to a heat treatment of food that is
intended +to destroy vegetative cells of pathogenic
microorganisms, or that will destroy all or mozt vegetative
cells of microorganisms +that cause spoilage of a food
product. For sonme foods, therefore, %the principal
objective of pasteurization is to reduce the level of
specific spoilage microorganisms, so that the products may
have adequate shelf 1ife {8illiker et al., 1980).
Different foods contain different target microorganisms
that the pasteurization process is designed to inactivate
(Witter, 1983). Since pasteurization processes do not
inactivate all microorganisms present in foods, additlional
control parameters such as low temperature storage, acidity
or reduced a, way be necessary (Silliker et al., 1980).
For pasteurization processes, temperatures below 100°C are
generally usud, in order to prevent overprocessing of foods
which can 1lead to unacceptable losses in both food quality
factors (volor, flavor and texture) and nutritional value
(Silliker et al., 1980; Witter, 1983).

In practice, in-packdge pasteurization was used
successfully to delay spoilage and increase the shelf life
of vacuum-packaged foods such as hot procss (smoked) fish
(Eklund et pl., 1988), cooked pork chops (Prabhu et al.,
1988) and South African vienna sausages (von Holy st zl.,
1991a). von Holy et al. (1991a) pasteurized VPVS by
immersing 500g packs into a water cooker held at 78 to 81i°C
for twenty minutes. Core temperatures measured in randomly



e - B L L P LIRS AP USSR R I PR

10

choesen packs ranged from 52 to 57°C and peripheral
temperatures from 58 to 59°C. While in-~package
pasteurization of VPVS increased shelf 1life of these
products by ga. fourfold when stored at 7°C, it did not
eliminate product spoilage by LAB (von Holy et al.,
1991a). This documented ability of spoilage LAB to survive
mild pasteurization of VPVS (von Holy et al., 1991a) was
cause for concern, since growth of these bacteria still
resulted in product spoilage after pasteurization. The
need therefore arose to guantify heat resistance of
predominant spoilage ILAB ipn wvitro to formulate appropriate
in gitu pasteurization regimes.

1.3.2 Heat resistance of microorganisms

When microorganisms are kilied by moist heat at a constant
temperature, death follows a logarithmic order. Numbers of
viable microorganisms, therefore, dJdecrease exponentially
with time and when logarithms of survivors are plotted
against time of exposure to the 1lethal temperature, a
senilogarithmic straight-line survivor curve is obtained
{Stumbo, 1965; Allwood and Russell, 1970; Cerf, 1877:
S8illiker et 23l., 1980; Witter, 1283; Jay, 1986; Pflug,
1987; Boyd, 1988; Miller, 1989). From this curve the
decimal reduction time (D} value is determined as the time
required at given temperature to destroy 9%0% (one log
cycle) of microorganisms. The D-value, therefore,
mathematically eguals the slope of the survivor curve. By
plotting logarithms of D~values against corresponding
heating temperatures, a thermal death time (TDT) curve is
obtainead. The z=-value is defined as the number of degrees
Celsius required for the TDT curve to traverse one log
cycle, and characterizes the relative heat resistance of
microorganisms at different temperatures (Stumbo, 1965;
Allwood and Russell, 1970; Cerf, 1977; King et al., 1979;
5illiker et al., 1980; Witter, 1983; Jay, 1986: Pflug,
1987; Miller, 1889). The =2z-vaiue, therefore, also
specifies the number of degrees Celsius required to bring
about a tenfold change in the death rate of a specific
microorganism (King et al., 1979}.

In general, the heat resistance (D-value) of microorganisms
is related to their optimum growth temperatures.
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Psychrophilic microorganisms are the most heat sensitive,

followed by mesophilic and thermophilic microorganisms.
Furthermore, sporeforming bacteria are more heat resistant
than non-sporeformers, while thermophilic sporeformers are,
in general, more heat resistant than mesophilic
sporeformers (Jay, 1986). While heat treatments at 35°C
would destroy true psychrophiles, psychrotrophs and heat
sensitive mesophiles would only be eliminated at
temperatures of 55°C or more. More heat resistant
mesophilic non-sporeformers would reguire ga. 70°C for
their destruction {(Sililiker et al., 1980).

Heat vresistance data on meat spoilage LAB are largely
lacking, but isolated reports showed that LAB surviving
heat prOGessing had high D-values and were therefore
unusually heat tolerant (Houbsn, 1982; Milbourne, 1983;

Table 1.1). Similarly, LAB surviving pasteurization of
milk also had high D-values (Sanz Perez et al., 1982; Table
1.1). Lactic acid bacteria causing spoilage of VPVS,

however, did not survive heat processing during product
manufacture, but  recontaminated sausages after heat
processing and before packaging from environmental sources
{Dykes gt al., 1991). These LAB were, therefore, eXxpected
to have lower heat resistances than thermotolerant LAB
{Houben, ' 1982; Sanz Perez et al., 1982: Milbourne, 19383).
Heat resistances of spoilage LAB recontaminating processed
meat: products after heat processing are therefore expected
to compare better to those of LAB involved in spoilage of
beer and citrus Juices (Adams et gl., 1989; Parish, 199l;
Table 1.1), since the latter bacteria stemmed from
inadequately pasteurized bheer and nen-pasteurized citrus
product, respectively. Furthermore, since LAB are closely
related to Listeris mopocytogenes (Jones, 1988), the
reported heat resistance of the latter bacterium (Bradshaw
et al., 1985; Donnelly and Briggs, 1986; Bradshaw et al.,
1987; Table 1.2} mnight also compare favorably to those of
meat spoilage LAB.

In general, z-values for most vegetative bacteria range
from 4 to 6°C (Hansen and Riemann, 1963; Tomlins and Ordal,
1978}. BExperimentally determined D~ and z-values allow the
calculation of time/temperature combinations +that will
effectively inactivate spoilage microorganisms (Silliker et
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ali., 1980). There are, however, a number of factors which
affect +the heat resistance of microorganisms and need to be
taken into account in heat resistance determinations.

1.3.3 Factors affecting heat resistance of

microorganisns

Factors that affect the heat resistance of microorganisms
include inherent heat resistance, such as differences in
heat resistance among different species or strains of the

same species (8illiker et al., 1980; Jay, 1986).
Furthermore, they include environmental influences

prevailing during the growth of cells prior to heating.
Cell age and tewmperature 2t which bacteria are grown before
heat inactivation, for example, can affect their heat
resistance (Stumbo, 1%65; 8Silliker et al., 1980). In
addition, environmental influences during the heating of
cells, for example pH, water activity, type of suspension
medium, presence of salts and other organic or inorganic
compounds, can influence heat resistance (Stumbo, 1965;
Silliker et al., 1980; Jay, 1986). The presence of
carbohydrates, fats and proteins in the heating medium
generally increase bacterial heat resistance {Moats et al.,
~.71ib; sllliker et al., 1980; Jay, 1986). Thus, these
factors need to be defined and kept constant when
determining microbial heat resistance.

1.3.4 Heat process calculations for food products

Pasteurization or heat process calculations in the food
industry are usually based on the semilogarithmic,
straight-line 1model of bacterial death (Stumbo, 1965;
Moats, 1871; Cerf, 1977; Pflug, 1987; Miiller, 1989). This
rodel relates the heat process (Fp) value te the initial
microbial load of the food product (Ng)}, the decimal
reduction time of microorgarisms +to be inactivated (Dg)
and the resulting microbial population after heating (Ng)
in the following way: Fp = Dp {log N, - 1log Ng).
The heat process (¥yp) value would thus be defined as the
time of heating at a specific temperature to reduce the
microbial load of =a product to a predetermined level
{Witter, 1983). The acceptability level for such heat
processes, therefore, would be determined by the



13

manufacturer and represents the desired reduction level in
numbers of microorganisms in each unit (or pack), or the
acceptable number of defective units (Witter, 1983).

1.4 RESEARCH MOTIVATION

Vacuum-packagad vienna sausages are a popular food in the
South African food market and account for approximately 23%
of products manufactured by Scuth African meat processors
(Business and Marketing Intelligence, 1985; wvon Holy and
Cloete, 1992). Spoilage of these products prior to the
expiry of the expected shelf 1life was attributed to the
growth of LAB to high numbers during refrigerated storage.
Premature spoilage of VPVS consequently has inflicted
considerable economic losses on meat processors {Dykes et
al., 1921; von Holy et al., 1991b; von Holy and Cloete,
1992). A practical method to control the growth of
spoilage LAB and increase product sghelf life is thus needed
to decrease econmmic losses experienced by the.
nanufacturars. Secondary, in-package heat treatment, in
conjunction with Jlow temperature storage has already been
suggested as a strategy to control the growth of spoilage
LAB in VPVS and increase product ehelf life (Marshall,
1991; von Holy et gl., 199la).

In previous +trials involving in-package pasteurization of
VPVS noticeable shelf life increases were achieved, but ILaB
still caused spoilage and predominated in spoilage
populations of these products (von Holy et al., 1991a).
The above study, however, was performed on a “trial and
error® basis and did not guantify the in wvitro heat
resistances of meat spoilage LAB. Since previocusly
reported heat resistance data of meat spoilage LAB only
pertained to unusually thermotolerant isolates (Niven et
al., 195%4; Houben, 19%82; Milbourne, 1983; Borch et al.,
1888; Table 1.1), this study undertock to guantify the heat
resistance of predominant LAB causing spoilage of local
VPVS in jin wvitro studies. Heat resistance of bacteria,
however, is known to be greatly influenced by factors such
ags cell age and pH of the heating medium {Stumbo, 1965;
Silliker et al., 1980; Jay, 1986). Furthermore, clumping
of bacterial cells during heat treatment and the media used
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for recovery of  heat injured cells influence heat
resistance determinations {Stumbo, 1265, Mackey and
Derrick, 1982; dJay, 1986: Magnus et al., 1988). This
study, therefore, also aimed to determine the effects of
‘the above parameters on heat resistance and heat resistance
determinations of meat spoilage LAB.

Since wvon Holy et al. (1991b, 1992) determined that
homofermentative lactobacilli and leuconcostocs predaminated
among the LAB spoilage populations in VPVS, they suggested

that control Tmeasures against the spoilage of these -

products should be aimed specifically at these bacteria.

This study therefore undertook to use in yitre heat

resistance data of the most heat resistant homofermentative
lactobacilli or leuconostocs to calculate pasteurization
processes which would reduce numbers and growth of these
bacteria in VPVS. Pasteurization of sausages thus aimed to
delay spoilage of <VPVS by the above bacteria, and
.consequently increase product shelf life.

In the previous study on the effect of pasteurization on
spoilage and shelf 1life of VPVS, sausages were packed in
double layvers which resulted in poor heat penetration of
packs (von Holy et al., 199la). Furthermore, the use of
double layer packs resulted in unequal heat distribution
with temperatures varying from 52 to 57°C (center of packs)
and 58 to 59°C (periphery of packs) (von Holy et al.,
1991a). This study, therefore, also aimed to eliminate
previous problems of unegqual heat distribution, and to
achieve higher pasteurization temperatures by packing
sausages into single layers within vacuum bags. This study
also undertook to determine the effect of higher
pasteurization temperatures on the  predominances of
homofermentative lactobacilli and leuconostocs, as well as
non-LAB in pasteurized VPVS.

In additien, the study of von Holy et al. (19%la) did not
determine the effect of pasteurization on the predominance
and growth of pathogenic bacteria which might be present in
VPVS, This clearly regquired further study, especially
since  spores of potentially pathogenic Bacillus or
clostridia have higher heat resistances than vegetative
spcllage bacteria. Consequently, the effect of
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Fable 3.1 Sumry of D- and z-values for spoilage lactic acid bacteria heated in various wedia.
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L ﬁf"d_ r’ 3;%'@'@.

Hicrosrqaniss

{Parish, 1951)

D-values (wiz.) and s-valtes {°C) | Heating wedha
Lactobacilins Dgs ¢ 23,5 RS broth
12385
(Miibourne, 1983)
Enterccocays Doy ¢ 12,9 F o st
f_ﬂﬂiﬂ Dss 84,8 SHS}EIISiOII.
1=11,8 a
{Houhen, 1982)
Styeptococcus fascite | Dgy ¢ 1246, Dz 5,9 =137 0,18 3-3, Dimethyl-
Styeptococous durans Dgy ¢ 19,5 $1=3,48 qlutaric acid buffer
Streptococaus fascalls Dgp ¢ 3,3, Dg3 ¢ 1,6, 25209 {pH 6,0)
susp, faegalis
m :;@E Dﬁz 12,8 $=2.2
subsp. liguifaciens :
(Sanz Perez et al., 1982)
heterofernentative Do * 2,67 Dgg 2 0,8 | Xloohol free
Tactobacillug {¢ 0,05% ethanol)
$=12,1 lager besr
(Mdaws gt al,, 1989)
Lactobacilius plantaruy Dgq : 1,9 Grapefruit serum
lactebacillus peeudoplantarum | D3 : 0,6 adjusted to 17°
Leuconostoc mesepteroides D 5 1,5 Brix with glucose

et B e
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Table 1.2 Sumary of D~ and t-values for Listeria (L.} vonocytogenes heated in milk.
Yicroorganism D-values (win.} and z-values (°C} Heating medivg
L.ponocytogenss Dga,3 & 0.3 Dy 5 * 4,8 26,3 Raw whole kilk
Scott A Doz 3t 06 Dgygt 43 2265 Sterile whole wilk
D33 10,47 Dgy'g t 41 2=6,5 Sterile skin nilk
. (Bradskav et al., 1985; 1987)
L. mﬁﬁmﬁ 952:7 : 0,4, ¢ = not detersined
L. mggslggﬂﬁ Dga,7 ¢ Ords 3= not determined Sterile whole milk
L. zonocytogenes | Dgy 9 1,0, 7 = 4,3

(Donnelly and Briggs, 1986)
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CHAPTER TWO

IN VITRO HEAT RESISTANCE
OF MEAT SPOILAGE LACTIC ACID BACTERIA



ig
2.1 OPTIMIZATION OF VARIABLES INFLUENCING  HEAT

RESISTANCE DETERMINATION OF SPOILAGE LACTIC ACID
BACTERIA FROM VACUUM-PACKAGED VIENNA SAUSAGES

ABSTRACT

Factors affecting in vitro heat resistance of a predominant

Lactobacillus (Lk.) =ake and a  Leuconostog (Lc.)
wmesenteroides strain from spolled, South African
vacuum-packaged vienna sausages were guantified. Heat

resistances at 57 and €3°C in guarter-strength Ringers
‘solution did not differ significantly between cells grown
to either early or late logarithmic growth phase, or
between heating media adjusted to pH 5,8 or 6,2, After
heat resistance determinations, viable plate counts on MRS,
Modified MRS and Standard One Nutrient Agar showed that
bacteria were recovered in approximately equal numbers on
all media. Survivor curves of bacteria after heat exposure
were non-linear and of concave shape, suggesting that
clumping of cells occurred during heating, or that bacteria
were heterogeneous with 1respect to heat 1resistance,
Prevention ot cell clump formation during heating by adding
1,0% Tween 8¢ to the heating medium proved unsuccessful,
since the detergent accelerated bacterial death rat s.
Consequently, the use of this detergent should be avoided
during in vitro heat inactivation. It was concluded that
the heat resistance of meat spoilage lactic acid bacteria
could be assessed at either early or late logarithmic
growth phase or in heating medium of pH 5,8 or 6,2, and
cells could be recovered equally well on either MRS,
Modified MRS or Standard One Nutrient Agar after heat
treatment.
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2.1.1% INTRODUCTION

Cured, emulsion-type sausages coneist of meat, sugar,
sodium nitrite (or  nitrate) and spices (Price and
Schweigart, 1971). The enmulsion is filled and cocked in
impermeable artificial casings (Hallerbach and Potter;
1981, Korkeala et al., 1989; von Holy ef al., 1991ib; von
Holy and Cloete, 1992) and sausages are often vacuum-sealed
into gas impermeable bags before refrigerated distribution
and retail (Sharpe, 1962; Mukheriji and Qvist, 1981: von
Holy et al., 199ib).

Numerous studies have reported the lactic acid bacteria
(LAB) ag  predominant spollage populations of
vacuun-packaged emulsion-type sausages (Allen and Foster,
1960; Sharpe, 1962, Mukherji and Qvist, '1981; Nielsen,
1983; Korkeala et al., 1987; Borch gt 2l1., 1988;
Zurera~Cosanc et al., 1988; von Holy et al., 1921b; von
Zloly and Cloete, 1992), reaching high numbers of gca. 107
- 108 colony forming units per gram (cFug™t) during
extended refrigerated storage (Kempton and Bobier, 1970;
Hallerbach and Potter, 1981; Nielsen and Zeuthen, 1986;
Korkeala and Lindroth, 1987: Zurera-Cosano et al., 19888;
Korkeala et al., 1989; von Hcly et al., 1991b, von Holy and
Cloete, 1992).

Spoilage of vacuun-packaged vienna sausages (VPVS) by LAB
is characterized by undesirable souring, gas formation and
production of milky, slimy exudates in sausage packs. Such
spoilage symptoms result in products unacceptable to the
consumer and thus represent considerable ecconomic losses to
the producer (von Holy and Cloete, 1992). It was therefore
considered necessary to control the growth of speilage LAB
in these products.

Preservation methods +¢o make meats shelf-stable and safe
are baged on relatively few parameters or hurdles: F (high
temperature), t (low temperature}, a, (less available
water), pH (sufficlenut acidification), Eh (reduced oxygen
potential), preservation (e.g., nitrite, smoke, CO,) and
radiation (e.g., gamma rays) {Leistner, 1987). Only
limited opportunities, however, exist to manipulate such
hurdles to control growth of spoilage  LAB in
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vacuun~packaged emulsion-type sausages. These bacteria are
psychrotrophic and hence capable of growth at refrigeration
temperature (5°C), microaerophilic and resistant to
inhibition by nitrite, salt and smoke {Enfors and Molin,
1980; Reuter, 1981; Egan, 1983; Dodds and Collins-Thompson,
1984; Buchanan, 1986; Holzapfel and Gerber, 1986; Franz et
2., 1981}. Consequently, high temperature (F) represents
an attractive alternative for controlling the growth of
spoilage LAB by lowering the initial numbers of these
contaninants through a secondary or in-package
pasteurization process. This control cption appears viable
since Bell {(1983) noted that the size of spoilage
populations surviving a  pasteurization process was
inversely related to the severity of the heat treatment
applied and, furthermore, recontaminution of product would
be prevented by the packaging material. Thus, spoilage
could only be caused by mnicroorganisms surviving the
pasteurization process.

Successful pasteurization processes for food products are
best based on the semilogarithmic, straight-line aodel of
bacterial destruction (Pflug, 1987), which to date provides
the basis of most thermal process calculations in the food
industry (Stumbo, 1965; Moats, 1971; Cerf, 1977). This
method is based on the assumption that mnicroorganisms
expogsed to moist heat at a condtant temperature exhibit a
death pattern of logarithmic order, and numbers of viable
microorganisms decrease exponentially with time.
Consequently, if logarithms of numbers of survivors are
plotted against time of exposure to a constant lethal
temperature, a straight-line survivor curve should be
obtained. Two deviations from the logarithmic order of
bacterial death have, however, bgen reported when bacteria
are heated at a constant temperature. The first (described
as convex survivor curves) is characterized by initial
iags in death rates of bacteria, whereas the second
(describaed as concave survivor curves) is characterized
by an initial rapid death rate followed by a decrease in
pbacterial death rate (Stumbo, 1965; Dabbah et al., 1971a,b;
Moats et al., 1971la; Cerf, 1977; Ababouch and Busta, 1987,
Ababouch et al., 1987). Such deviations were explained on
the basis of clumping of bacterial cells either before
heating (convex curves) or during heating (concave curves)
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(8tumbo, 1965; Cerf, 1977:; Witter, 1983}.

When bacterial death at constant, high temperature follows
a logarithmic order, the decimsl reduction time (D) value
may be determined from straight-line survivor curves. The
D-~value 1is specific for the microorganism heated at the
specified temperature. The D-value is also defined as the
time required at a given temperature to destroy 90% (one
log cyecle) of microorganisms, and is mathematically egual
tc the slope of the survivor curve {Stumbo, 19657 Allwood
and Russell, 1970; Cerf, 1977; BSilliker et =al., 198¢;
Witter, 1983; Jay, 1986; Pfluyg, 1987; Boyd, 1988; Miller,
1589).

Factors affecting heat resistance and hence D-values of
microorganisms are of three general +types: a) inherent
resistance such as differences in heat resistance among
species, or strains of the same species, as well as between
spores and vegetative c¢eils. b) environmental influences
prevailing during growth of cells {e.g., age of cells and
growth temperature) and c¢) environmental influences acting
during the time of heating of cells (e.g., pH, a,, type
of suspension medium, salts and other organic and inorganic
compounds) (Stumbo, 1965; Silliker gt al,, 1980).

Generally, bacteria ar® most heat resistant when grown at
their maximum growth temperature and when heated in a
medium at their optimum growth pH. Below and above these
values, heat =sensitivity increases (Hangen and Riemann,
1963; Stumbo, 1965; Dega et al., 1972; Silliker et al.,
1980; Verrips gt =al., 1980; Ng, 19682; Sanz Perez et al.,
1982; Witter, 1983; Jay, 1986; Humphrey, 1990; Linton et
al., 1990; Bhaduri ef al., 1991; Smith et al., 199i). Heat
resistance of bacteria is also influenced by cell age, and
bacteria are generally more heat resgistant in the
stationary +than in the logarithmic phase of growth {(Dega et
al., 1972; silliker et al., 1880; Houben, 1982; Jay, 1986;
Palumbo et al., 1987; Kornacki and Marth, 1989; Linton et
al., 1%90; Boutibonnes et al., 1991i; Condon et al., 1992).
Furthermore, bacterial Theat resistance increased with
decreasing &, of the heating mediuwn. However, not only
water activity, but also the type of solute used to
decrease water activity affected bacterial heat resistance
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{Goepfert et al., 1970; Corry, 1974; Silliker el al., 1980;
Jay, 1986; Tuncan and Martin, 1989). :

In addition, nutrient conditions of heating media and media

used to grow bacteria prior to heating may alao increase or

decrease heat resistances {Stumbo, 1965; Moats et al.,
i971b), but variable effects of different media components,
singly or in combination, make generalization impossible
(silliker et al., 1980). The nutrient conditions of
post-heating recovery media also influence heat resistance
determinations, and recovery of sublethally injured cells
is enhanced on nutritionally rich, non~selective media
(Busta, 1278: Mackey and Derrick, 1982; Buchanan et al.,
1988; Magmus et al., 1988; Crawford et al., 1989; Bailey et
2l., 1990; Harrison and Huang, 19920; Smith and Dell,
19990},

Thermgl  process calculations for canned fonds or
vacuum—-packaged processed meats have been based on the
semilogarithmic model of bacterial destruction, which takes
into account the heat resistance ox D-values of the

particular microorganisms targeted for inactivation
{Stumbo, 1965; cCerf, 1977; Pflug, 1987; Miller, 1989).
Lactic acid bacteria, particularly homofermentative

lactobasilli and leucvnostocs are predominant spoilage
populations of South African 'VPVS (von Holy et al.,
1991b). Secondary or in-package heat  process
determinationg for these products should, therefors, be
based on thermal resistance data pertaining to the above
genera. Since bacterial heat resistance determinations are
influenced by factors such as age of cells, heating medium
PH and type of recovery medium, this study determined the
effect of these parameters on the in vitrc heat resistance
and - recovery of spoilage LAB from processed meats. As cell
clumping during Theat inactivation of microbial cells
resulte in non-logarithmic survivor curves (Stumbo, 1965;
Ceri, 1977; Witter, 1983), detergent addition to counteract
this phenomenon was evaluated.
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2.1.2 MATERYALS AND METHCDS
2.1.2.1 Culture selection and maintenance

Lact ius (Lb.) sake (lA73c) and Leuconpostoc (Lc.)

mesanteroides (1Al5b) were identified as calculated mean
organisms by nunerical analysis of phenoctypic
characteristice of 61 predominant spoilage LAB from VPVS
{Dykes, 1991). These strains were regarded as the most

representative of previously described, predominant LAB
spoilage populations of VPVS (von Holy ef al., 19%1b).
Freeze dried stock cultures were grown in MRS Broth
{BIOLAR) at 25°C for 48 hours and strealied onto MRS Agar
(RI0LAB) to check for purity. Working cultures were grown
up in litmus milk {100g litmus milk (BIOLAB); 50g calcium
carbonate; 10g glucose; 2,59 1liver digest; 2g veast
extract; water to one liter) at 25°C for 48 hours, stored
at 4’2 and subcultured in the same medium every three
months.

2.1.2.2 Preparation of inoculum cultures

For heat resistance experimentation "sged" (inoculum)
cultures were prepared to obtain inocula with sufficient
cell densities to allow for fast growth. Inoculum cultures
were prepared by transferring one lecopful of culture from
litmus milk to 50ml MRS Broth and growing the culture
aerobically at 25°C for 48 hours.

2.1.2,3 Effect of growth phase and heating medium pH on
bacterial heat rasistance

To determine the effect of growth phase on LAB heat
resistance, one ml of an inoculum culture (2.1.2.2) was
used to inoculate 50ml MRS Broth. Cultures were then grown
to either the early or late Jlogarithmic growth phase
(optical densities at 550nm of ca. 0,3 to 0,5 and 1,4 to
1,5, respectively) at 25°C. An incubation temperature of
25°C was chosen, since it approximated the optimum growhth
temperature of meat spoilage LAB studied here (Franz et
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al., 1991). At +the desired growth phase, one ml was
" removed and diluted in quarter-strength Ringers solution
{QSRS) pH 6,2, to standardize initial inoculum density to
ga. log 7,00 CFU mi~t, Standardization of bacterial
inoculum density for heat resistance studies was necessary,
since heat treatment parameters such as temperature, medium

composition and concentration of cell numbers needed to be
kept constant to obtain straight-line survivor curves
{Cerf, 1977). Cells were then prepared for heat
inactivation as shown in Fig. 2.1.1. ' '

To determine the effect of heating medium pH on LAB heat
resistance, one ml of an incculum culture (2.1.2.2) was
used to inoculate 50ml of MRS Broth, and the culture was
grown to the early Ilogarithmic growth phase (optical
density at 550nm of ca. 0,3 to 0,5) at 25°C. One ml was
removed and diluted in QSRS (pH 6,2) to standardize the
inoculum densi:wy to ga. log 7,00 CFU ml™. To assess the
effect of suspension medium pHE on heat resistance, both the
phosphate buffer used for washing cells, as well as the
heating medium (QSRS) were adjusted to either pH 6,2 or 5,8

(Fig. 2.1.1). The pH wvalue o©of 6,2 was chosen since
unspoiled vienna sausages have typical pH vaiues of ga. 6,2
(M.A. Jenkin, pers. comm.)*. Heat resistance of most

microorganisms,  however, was shown *to decrease with
increasing acidity of the heating medium (Silliker et al.,
1980; Witter, 1983; Jay, 1986). A more rapid inactivation
of spoilage LAB by pasteurization of VPVS was thus thought -
to be possible by decreasing product pH. Since the minimum
value +to which product pH could be lowered without
adversely affecting organoleptic characteristics was pH 5,8
(M.A. Jenkin, pers. comm.)*, in vitro heat resistance of
LAB was also determined at pH §,8. '

M.A. Jenkin, Enterprise Foods, P.O. Box 570,
1400 Germiston, South Africa.




-l

26
2.1.2.4 Heat resistance determinations

Consequently, LAB heat resistance was determined at the
early and late logarithmic growth phases in QSRS at pH 6,2
(Fig. 2.1.1), and in the early logarithmic growth phase in
QSRS at pH 5,8 (Pig. 2.1.1). Quarter-strength Ringers
solution was chosen as the heating medium since it would
not permit LAB growth and since it did not contain
compounds expected to protect cells against heat, for
example fats or carbohydrates (Silliker gt al., 1980; Jay,
1988).

After preparing cells for heat resistance determination
(Fig. 2.1.1), 50 microliter aliguots of bacterial
suspension (ca. 1x107 CFUml“l) were drawn into sterile
glass capillary tubes of 125mm length and 1,4mm (X ©,007mm)
internal diameter with a wall thickness 0,25mm (SOCOREX -
Switzerland, PFigs. 2.1.2 & 2.1.3), using a micropipette
{SOQCOREX =~ 3witzerland, Fiyg. 2.1.4). Capillary tubes were
heat sealed on both ends (Fig., 2.1.5), ensuring a ca. four
to five com distance of the bacterial suspension from the
flame. After heat sealing each capillary tube end, it was
inmediately coocled in water (Fig. 2.1.6). Capillary tubes
were placed in specially constructed perspex holders (Fig.
2.1.2}) with spaces of at least one cm between tubes to
allocw for egual heating and undbstructed water flow. The
construction of these holders also ensured that capillary
tubes were fully submersed in water during heat exposure.

Five replicate capillary tubes were used at each of six
tinme intervals to heat  bacterial suspensions at
temperatures of 63 or 57°C in a circulating,
thermostat-contreclled water bath (Fig. 2.1.7). Heating
time intervals wvaried in length and depended on heating
temperature (Table 2.1.1). The temperature of 57°C was
chosen since meat spoilage LAB are psychrotrophic
{Buchanan, 1986) and it was suggested that ga. 55°C would
suffice to heat inactivate true psychrotrophs (Silliker et
al., 1980). The temperature of 63°C was chosen to
inactivate LAB more rapidly, and was also considered not to



27

adversely affect = product characteristics or packaging
material during in-package pasteurization of VPVS (M.A.
Jenkin, pers. comm.)*, Water bath temperature was measured
using a convertional mercury thermometer and a Jenway 3100
microprocessor thermocouple (Fig. 2.1.8) and fluctuated by
only 0,2°C during heat resistance determination. After
each time interval one set of five capillary tubes was
removed and rapidly cooled in ice at 0°C for five seconds
(Fig. 2.1.9). cCapiliary tubes were then surface sterilized
by immersing them in 70% ethancl for 20 minutes and air
dried in a laminar flow cabinet (Fig. 2.1.3).

RBach set of <£five capillary tubes was transferred ¢o a
sterile Down’s~type homogenizer (¥Fig. 2.1.10), containing
2,25m1 sterile QSRS, and crushed by grinding for one minute
(1071  dilution) (Fig. 2.1.11). This 1071 dilution was
vortexed and tenfold serial dilutions were prepared in
QSRS. - Volumes of 0,1 ml of appropriate dilutions were
plated in +triplicate onto MRS Agar using the spread plate
technique. & control set of £ive capillary tubes was
analyzed by identical procedures, but not subjected to heat
treatment. Plates were incubated at 25°C for 48 hours and
thoze showing between 30 to 300 CFU (or highest number if
vnder 30) were counted. Counts from triplicate plates were
meaned and converted +o logarithms. In order to increase
statistical significance of héat resistance data, ail
variables (growth phase, pH; Fig. 2.1.1) were tested three
times on separate occasions.

2.1.2.5 Effect of detergent on c¢ell ciumping during
heating

To determine the effect of Tween 80 on cell clumping during
heating (Stumbo, 1965; Cerf, 1977: Witter, 1983), one ml
incculum culture (2.1.2.2) of Lb. sake was used to

=25

M.A. Jenkin, Enterprise Foods, P.D. Box 570,
1400 Germiston, South Africa. :
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inoculate 50m]l MRS Broth. The culture was grown to the
early logarithmic growth phase (optical density at 550nm
ca. 0,3 to 0,5) at 25°C and prepared for heat inactivation
as shown in Fig. 2.1.12. Cells were exposed to 63°C as
described above (2.1.2.4), in heating medium (QSRS, pH 6,2)
which contained 1,0% Tween 80 (Fig. 2.1.12). After heat
exposure, survivors were enumerated as described above
{(2.1.2.4). The effect of Tween 80 on cell clumping during
heating at 63°C was tested three times in separate
experiments.

2.1.2.6 Effect of culture mnedium on recovery of heat
' treated bacteria

Cells of both strains were grown to the early logarithmic
growth phase and ©prepared for heat inactivation as
described above {2.1.2.5, Fig. 2.1.12), but were
resuspended in heating medium (QSRS, pH 6,2) without adding
Tween  80. Heat dinactivation was performed as above
(2.1.2.4) with the exception that bacteria were heated at
63°C for only two (short and extended) time intervals
{Table 2.1.2). Moreover, for ermmeration of survivors
0,1ml volumes of appropriate dilutions were plated in
fivefold onte MRS Agar, Modified MRS Agar (MMRS) and
Standard One Nutrient Agar (STD1l) (Table 2.1.2). Plates
showing 30-300 CFU were counted and counts were converted
to logarithms. The effect of culture medium on recovery of
heat treated bacteria was tested three times on separate
occasions. Log survivor counts from different media of the
three separate experiments were subjected to ANOVA with a
comparison of means.

2.1.2.7 Computational metheds

lLog counts of survivors from triplicate heat registance
experiments assessing the effects of pH and growth phase
were plotted against exposure time. A single, best fit
regression line was calculated from points of triplicate
data sets by the least sdguare methed. D~values were
estimated by +taking the absolute values of the inverse of
slopes of linear regression lines (Figs. 2.1.13, 2.1.14 &
2.1.15) {(Bradshaw et al., 1985; Donnelly and Briggs, 1986;
Bradshaw gt al., 1987). Linear regressions and ANOVA with
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comparison of means were computed using the STATGRAPHICS

(version 5,0 - STSsC Inc. and Statistical Graphics
corporation) statistical software program.

2.1.3 RESULTS AND DISCUJISION

2.1.3.1 Effect of culture mnedium un recovery of heat

treated lactic acid bacteria

The effect of culture medium on recovery of Lg.
mesenteroides and Ib. sake after heating at 63°C is showh
in Table 2.1.3. Mean log numbers of Lb., gake grown on MRS,
MMRS and STD 1 Agar media after fifteen seconds heating
corresponded closely (Table 2.1.3). ANOVA of survivor
counts with 1respect to recovery medium showed no
significant differences in survivor recovery between the
different media (p > 0,05; Table 2.1.3). PFurthermore,
ANOVA with a comparison of means also showed no significant
differences in mean survivor counts between the different
media. The ANOVA did, however, show a near-significant
difference {p = 0,061) between log counts from the
different media for Ib. gake after one minute’s heating
{Table 2.1.3}. Using the ANOVA, a . ‘wupariscn of means of
log survivor counts after one minute’s heating showed that
log survivor counts on MRS and MMRS Agar were significantly
higher than on STD 1 Agar. This contradicted the finding
that mean log counts and 95% confidence intervals for the
means corresponded clogely for all media (Table 2.1.3).

No statistically significant differences (p > 0,05) between
log counts of Lc. mesenteroides on the different media were
determined by the ANOYVA, when bacteria were heated for
either seven or 30 seconds (Table 2.1.3). Mean log
survivor counts of Le. pesenterpides from different media
asgs well as their 95% confidence intervals alsc showed close
correspondence (Table 2.1.3). ANOVA with a comparison of
means did not show a statistically significant difference
in log counts of ILc. mesentercides on any of the media, for
either seven or 30 seconds heating time.

The choice of recovery medium has been recognized as an
important factor in bacterial heat resistance
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determinations. - Since growth of sublethally injured
bacteria is reportedly either delayed, or partialiy or
conpletely inhibited in nutritionally defective or
selective media (Busta, 1978; Mackey and Derrick, 1982;
Buchanan et 31., 1988; Baliley et al., 1920; Harrison and
Huang, 1990; Smith and Dell, 1290), the choice of rich,
non~selective ~ecovery media is critical (Magnus et al.,
1988; Crawford et =al., 198%). Since heat injury affects
bacterial cell membranes, substances which cannot pass
through intact membranes mnay diffuse in or out of heat
injured bacterial cells (Moates, 1971). Rich media,
therefore, allow for improved recovery, since cell
constituents lost &as a result of membrane damage may be
replenished from the medium. Selective media, on the other
hand, could allow for toxic constituents to enter cells
through damaged membranes and may thus lead to lower
recovery compared to non-selective madla (Moats, 1971).

MRS Agar, a nutritionaily rich, non-selective medium suited
tc the complex nutritional requirements of LAB (de Man gt
al., 1960) was, therefore, evaluated in conjunction with
the non-selective and nutritionally rich Standard COCne
Nutrient Agar for recovering heat treated LAB. Since the
oxidation-reduction potential of the enviromment reportedly
influences the recovery of heat injured bacteria (Allwood
and Russell, 197U; Linton et 'gal., 1992) a Modified MRS
medium with a lower oxidation-reduction potential was also
used for recovery studies. The latter two media were also
chosen since MMRS Agar and Standard One Nutrient Agar were
previously used successfully in the isolation of LAB from
in-package pasteurized and non-pasteurized VPVS (von Holy
et al., 1929la,b; von Holy and Cloete, 1992).

Statistically significantly lower counts for 1!). sake on
Standard One Nutrient Agar after one wminute’s heating
suggested that, in +this wase, MRS and MMRS Agar allowed
for better cell recovery than STD1l Agar, especially after
proloiiyed heat treatment. Differences between Lb. sake
mean log counts after one minutefs heating on STD1 Agar ond
MRS and MMRS Age¢r, however, were small at 6,08 and 0,09
CFUml'l, respectively (Table 2.1.3). Furthermore, since
the 55% confidence intervals for Lb. gake counts
corresponded closely on all wmedia &after heating for one
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minute (Table 2.1.3), the differences in counts between
STD1 and both MRS Agar media, was considered to be of low
microbiological significance. Survivor c¢ounts of LAB

"heated for various times thus compared well for all media

{Table 2.1.3), which suggested that these media were
equally effective in recovering heat injured LAB, These
results wers supported by previous shelf life studies on
pasteurized and non-pasteurized VPVS, where LAB counts on
MMRS Agar and total aerobic plate counts on STD1 Agar
showed close correspondence (von Holy et al., 1991a).

For further in vitro heat resistance studies on meat
spoilage LAB, therefore, either of the culture media tested
could be used to recover heat treated bacteria. As MRS
Agar, however, is  frrmulated +to suit the specific
nutritional requirements of LAB {(de Man et al., 1960}, this
medium was  preferred to S5TD1l Agar for further heat
resistance studies. MRS 2agar was also preferred to MMRS
Agar for reasons of lower cost and simplicity of
preparation.

2.1.3.2 BEBffects of growth phase and pH of heating medium
on heat resistance of lactic acid bacteria

Dg3 @and Dgy values for Lb. sake in the early
logarithmic growth phase were 32,5 and 52,9 seconds in QSRS
(pH 6,2), respectively (Table 2.l1.4). These were higher
than Dga and 957 values of 28,9 and 42,1 seconds,
respectively, for the late logarithmic growth phase (Tabie
2.1.4). For Lc. mnmesenternides in the early logarithmic
growth phase and in QSRS at pH 6,2, Dgy and Dy values
were 20,2 and 34,9 seconds, respectively (Table 2.1.4). In
thig case, cells in the late logarithmic growtli phase had
higher D-values +than cells in the early logarithmic growth
phase, and Dgq and Dg, values were 23,9 and 43,0
seconds, respectively (Table 2.1.4). This suggested that
Lb. sake was more heat resistant in che early logarithmic
growth phase, while ILc. mesenteroides was more heat
resistant in the late logarithmic phase. Overlapping 95%
confidence iIntervals for D-values at 57 and 63°C of both
bacteria for both growth phases (Table 2.1.4), however,
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suggested that differences in D-values at the differe -
growth phases were not statistically significant (D.R.
Meyer, pers. comm.)*.

- Heat resistance of mnmicroorganisms is influenced by the
growth phase (Silliker et al., 1980; Jay, 1986) and

bacteria such as ‘Staphylocogcus aureus, Ty )
hydrophila and Listeris monogviogenes were most heat

resistant in the stationary phsse of growth (Palumbo et
al., 1¢87; Kornacki and Marth, 1989; Linton et al., 1990).
Similarly, Boutibonnes et al. (le91), showed <+that
Lactococcus lagtis was more  heat resistant in the
stationary +than Jlogarithmic phase of growth. Moats gt azl.
(1271a} argued that changes in bacterial heat resistance
with cell =age are determined by changes 1in cell
physiology. Results of our study, therefore, suggested
that the physiologies of cells grown to early and late
logarithmic growth phases were similar and, therefore, no
sigrificant differences in cell heat resistance were
observed. '

Vienna sausages and other Dprocessed meats can be
contaminated with low levels of spoilage LAR from
environmental sources after heat processing (Paradis and
Stiles, 1978; Steele and Stiles, 1981; Nielsen and Zeuthen,
1984a; Borch et al., 1988; Dykes gt al., 19%91). These
bagteria subsequently grow to high numbers (ca. 107 -
108 cFUg“l) during refrigerated product storage
(Kempton and Bobier, 1970; Schneider et al., 1983, Korkeala
et al., 1989; von Holy and Cloete, 1992). It can thus be
deduced that spoilage LB would enter the early logarithmic
phase of growth in refrigerated VPVS shortly after
processing, the <time to reach this phase of growth being
dependent on storage temperature. Since in-package
pasteurization of VPVS is usually planned to occur
immediately after packaging, such pasteurization processes

D.H. Meyer, Department of Statistics, University
of the Witwatersrand, P O WITS 20%#0, Johannesburg,
South Africa.
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should therefore be based on in vitro heat resistance data -
of LABR in the early logarithmic growth phase. In a "worst
case" scenario, where pasteurizaticn is delayed, LAB could
theoretically enter +the logarithamic or late logarithmic
growth phases. In-package pasteurization treatments,
however, could still be based on D-values of LAB in the
early logarithmic growth phase, since cur results clearly
showed that D-values for early and late logarithmic growth
phases did not differ statistically significantly. Further
in wvitro heat resistance determinations for meat spoilage
LAB could, therefore, be performed on celis in the early
logarithmic growth phase.

D63 and D57 values of Lb. gake heated in QSRS at pH 6,2
were 32,5 and 52,9 seconds, respectively, and therefore
higher than corresponding D-~values of 28,7 and 40,1 seconds
for cells heated in QSRS at pH 5,8 (Table 2.1.4). D-values
of IL¢. nmesenteroideg heated in QSRS pH 6,2, were 20,2 and
34,9, zespectively (Table 2.1.4). These values, however,
were 1lower than corresponding D-values of 21,3 and 46,9
seconds for Lc. mesentercides heated in QSRS at pH 5,8
{Table 2.1.4). This suggested that Lb. sake was more heat
resistant at a pH of 6,2, whereas Lg. mesente es was
more heat vresistant at a pH of 5,8. adgain, the 95%
confidence intervals for D-values of both bacteria
overlapped at the different pH’s, and for both heating
temperatures (Table 2.1.4). As for the growth phase effect
on LAB heat resistance, this indicated that there were no
statistically =significant differences in D-values of meat
spoilage LAB heated in QSRS at either pH 6,2 or 5,8.

Heat resistance of micreorganisms was influenced by the pH
of the heating medium in other studies, with microorganisms
being most heat resistant at their optimum growth pH, and
lowering of medium pH from this optimum value led to an
increase in the heat seneitivity (Stumbo, 1965; Silliker et
al., 1980; Witter, 1983; Jay, 1986). For example, Kornacki
and Marth (1986) showed a decrease in D-value of
Streptocoeccus faecium from 10,2 wminutes to 4,8 minutes,
when heated at 65°C in milk adjusted to pH 6,5 and 5,6,
respectively. Sanz Perez et al. (1982) showed that
D-values for entervcocci decreased with decreasing buffer
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pH from maximum wvalues at pH 6,0, at a constant heating
temperature. These above authors did, however, not state
whether  the observed differences in D-values were
statistically significant.

Although differences in D-values of LAB heated in QSRS at
pH 6,2 and 5,8 in this study did not differ significantly,
it was interesting to note that D-values for Lb. sake
increased while those of Lc. mesenteroides decreased at the
lower pH of 5,8. Reasons for this could possibly be that
the Lb. gake strain had an optimum growth pH of above pH
5,8, walle the optimum growth pH for the Lc. mesenteroides
strain could have been lower than yH 6,2. The fact that no
significant differences in D-values of LAB heated in QSRS
adjusted to +these pH wvalues could be cbserved, suggested
that the pH difference (0,4 units) was +too small to
increase the heat sensitivity of spoilage LAB. Lowering
product pH to 5,8, therefore, was unlikely to affect the
death rate of =such sgpoilage bacteria dJuring in-package
pasteurization processes, and more rapid heat inactivation
would not be achieved. further jin vitro heat resistance
studies of 1AB could, therefore, be performed in heating
medium at pH 6,2 since this value corresponds to the
established pH of most South Afrjican wvienna sausage
formlations.

2.1.3.3 Linear regressions and data fit validity

Regression analysis showed slopes of all lines to be highly
significant (p = 0,00), validating the regression model.
Correlation coefficients (r) for the linear regression of
log survivor counts versus heating times ranged from -0,816
to =-0,974, with wmost being higher than -0,910 (Table

2.1.4). This indicated a satisfactory linear relationship
between log survivor counts and heating time for both IAB
strains. On closer inspection of data points, however,
survivor curves appeared concave rathar than linear (Figs.
2.1.13, 2.1.14 & 2.1.15). Furthermore, when heat

resistance data were analyzed for wvariance, plots of
residuals versus predicted values {data not shown) showed
trends in residuals with fan or parabolic shaped patterns
(Neter et al., 1988). This indicated that the linear
regression model did not fit the data, since residuals are
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estimates of the error terms of the linear regression model
and are assumed to be randomly distributed (Neter gt al.,
1988).

Authors such as Rahn (1945) and Schmidt (1957), however,
suggested that the assumption of the logarithmic order of
bacterial death at constant temperature was convenient for
comparisons = of survival of  Dbacteria at different
temperatures, or survival of different bacteria under the
same conditions. The logarithmic model of thermal death of
bacteria was, therefore, considered appropriate to this
study for comparisons of bacterial heat resistance at
different growth phases and pH’s. - '

Nonlinear, concave survivor curves have been reported

previously when bacteria or bacterial spores were heated at

constant ‘temperature (Dabbah et al., 1971a,b; Moats et al.,

i971a; Ababouch and Busta, 1987; Ababouch et zl., 1%87).

Concave survivor curves have been explained on ‘the basis of

clumping of bacterial cells or spores during heating, and

heterogeneity in heat treatments (Stumbo, 1965; Cerf, 1977:
Witter, 1983; Beckers et al., 1987; Donnelly ef al.,

1987). Heterogéneity of heat +treatment occurs wien
bacterial oells are heated in open test tubes. Cells

covering test tube walls as a result of mixing and
splashing would be positioned sbove +the water level and
thus escape the full effect of the heat treatment (Beckers

et al., 1887; Donnelly et al., 1987}. In our stundy,

haterogeneity of heat treatment could not explain concave

survivor curves of LAB, since bacterial suspensions were

sealed in capillary tubes which were fully submersed in
water during heating (Fig. 2.1.7). Concave survivor curves

obtained wupon heating meat spoilage LAB may, therefore,

have resulted from clumping of bacterial cells during the

heat treatment. To test whether this was actually the

case, this study attempted to prevent clumping of cells

during heating by addition of the detergent Tween 80 to the

heating medium (JSRS). _ '
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2.1.3.4 Effect of ‘Tween 80 on cell clumping during
heating

Mean survivor counts for Lb. gake after heating at 63°C are
shown in Table 2.1.5. While bacteria heated in QSRS (pH
6,2) without Tween 80 addition could be enumerated at all
heating time intervals, survivors were reduced to below
detectable 1levels (< log 2,0 CFUm1~™%) from 30 seconds
onwards when the heating medium contained 1,0% Tween 80
(Table 2.1.5).

Attempts to prevent bacterial cell clumping during heating
by incorporation of 1,0% Tween 80 into the heating medium
resulted ih more rapid kill in this study (Table 2.1.3).
In addition, increases in bacterial death rates even
occurred when cells were pre-treated with 1,0% Tween 80
during the first washing step (Fig. 2.1.12) and the
detergent was not Iincorporated into the heating medium
{results not shown),. Clearly, in this case the detergent
was not conpletely removed from bacterial cells when these
were vresuspended in the heating medium (Fig. 2.1.12}.
Increases in bacterial death rates during heating in QSRS
containing detergent were speculated to result from
detergent action on ¢the 1lipid bilayer of bacterial cell
nmerbranes. This would make membranes more permeable and
destroy the cells’ osmotic balance. Injury to heat treated
bacteria has previously been 1linked +to damage of cell
membranes (Iandolo and Ordal, 1966) and membrane damage was
suggested to result from melting of the lipid component
(Allwood and Russell, 1970). Since bacterial death was
accelerated by the addition of 1,0% Tween 80 to QSRS during
heating, it was decided not to use detergent to prevent
cell clumping in further in wvitro heat registance studies.

Accelerated bacterial death by heating in QSRS with 1,0%
Tween - 80 precluded us from establishing whether cell
clumping during heat +treatment resulted in <the concave
survivor curves observed for the *two meat spoilage LAB
chosen for this pilot study. Mocats et al. (1971a),
however, dismissed the theory that concave survivor curves
resulted from clumping of bacterial cells during heatiny,
gince clumps would be completely disrupted by normal
dilution technigues employed for enumeration of survivors.
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Thus, even though clumps would increase bacterial heat
resistance by protecting bacteria from heat inactivation,
dispersion of «clumps by dilution techniques shouald
nevertheless result in straight-line survivor curves. A
more plausible interpretation of concave survivor curvas
such as the ones okserved in this study, however, may be
the fact that individual cells within a population of
microorganisms differ <from each other with respect to heat
resistance (Licciardello and iickerson, 1963: Allwood and
Russell, 1970; Moats, 1971; Moats gt al., 1971la, Witter,
1983). Since it was | vvrosed that heterogeneity in
populations of  microorgani+ms with respect to heat
resistance remained the only satisfactory explanation for
concave survivor curves (Moats, 1971; Palumbo gt 2al.,
1987), <the same explanation could be used with respesct to
the findings of this study.

2.1.4 . . CLUSION

Mean 1log counts of +two heat treated meat spoilage LAB on
MRS, MMRS and STDl Agar media compared favorably in this
study. We therefore concluded that any of these media
could be used to recover heat treated LAB in further in
vitro heat resistance studies. As MRS Agar is formulated
to suit the speciric nutritional requirements of LAB (de
Man et al., 1960), this medium should, however, be used in
preference to S8TD1 Agar for recovering heat treated LAB.
Since MRS Agar is easier to prepare and less costly than
MMRS Agar, it is recommended that MRS Agar should be used
to recover heat treated wmeat spoilage LAB in further in
witro heat resistance studies.

Heat resistances of two meat spoilage LAB did not differ
statistically significantly for cells in the early or late
logarithmic growth phases or for cells heated in QSRS at pH
5,8 or 6,2. Since jin vitro heat resistance data were to be
used for calculating in-package pasteurization parameters
for VPVS, a pH of 6,2, (which corresponds to the pH of
South African wvienm: sausage formulations) is recommended
for further i3 vitre heat resistance studies. Our results
also implied that lowering vienna sausage pH to 5,8 would
preobably not increase the death iate of spoilage LAB during
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in-package pasteurizatidn of VPVS.

As spoilage ILAB contaminating VPVS would be in the early
logarithmic growth phase after packaging (the time of which
pasteurization 1is expected to occur), further in wvitro heat
resistance studies could be performed at this growth
phase. Since the heat resistance of LAR did not differ
significantly between the early and late logarithmic growth
phases, pasteurization of sausages could still be based on
heat resistance data for the early logarithmic growth
phase, even if pasteurization is delayed and bacterial
growth in sausages enters the logarithmic phase.

Survivor curves of twe predominant spoilage LAB from VPVS
in this study were non-logarithmic and of concave shape.
Since concave survivor curves were previously argued to
result from clumping of bacterial cells during heating
(Stumbo, 1965; Witter, 1983}, 1,0% Tween 80 was added to
QSRS to prevent cell clumping. Addition of this detergent
to QSRS, however, accelerated bacterial death rates,
probably as a result of detergent damage to bacterial cell
nembranes. This led us +to conclude that in vitro heat
resistance of LAB should not be studied in media containing
detergents, since this could lead to overestimation of
actual heat sensitivity.

Accelerated  bacterial death wrates in QSRS containing
detergent precluded an assessment on the causative factors
for concave survivor curves. Clumping of cells during
heating, however, was dismissed as a cause for concave
sur - ivor curves (Moats et al., 1971a), and +the mnmore
plausible explanation for the occurrence of such curves in
this study was that the two LAB strains were “eterogeneous
with respect to heat resistance. We therefore concluded
that frrther in witro heat resistance studies on meat
spoilage LAB would result in similar curves. Although such
curves could also be interpreted according to the linear
model, the D-values obtained would be an underesti.-:ate of
actual bacterial heat resistance. When D-values from
concave survivor curves are used to calculate in situ
in-package pasteurization parameters for VPVS, appropriate
conmpensations have to be included to achieve the desired
reduction in contaminating LAB.
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1AB cells in MRS Broth grown to at 25°C:

earlg 1 urithmc : late logarithmic
?r ?rnwth phase

| ad]usted b1 o 7,00 crint L with quarter-strenth

Ringers solution (pH 6,2)
cell pelleting (microcentrifuge, one. xinute}
resuspension, 0,1M phosphate buffer at:

ol 5,8 Pt 6, - ¢&2
vortexing to disrupt cell clumps (30 seconds)
eeil pell?tinq (wicrocentrifuge, one minmute)
resuspens‘i‘on , quarter-strength Ringers solution at:

pH 5,8 - pi 6,2 pl 6,2
vortexing to dlsmpt cell cluaps {ons l‘%nute)

Heat resistance deteninatmn at 57 and 63°C by three
seperate runs

Flow diaqm 1llustrating procedure for cell p tion to assess
the effects of orowth phase and gﬂ of beating mediug on heat
raslstance of meat spoilaqa lactic acid bacteria (LEB}.




Fig. 2.1.2

Fig. 2.1.3

490

Perzpex holder containing a set of five 50

microliter capillary tubes, showing distances

between tubes of ca. one cn.

Sete of five capillary tubes in laminar flow
cabinet to dry 70% ethanol used for surface
sterilization.




Fig. 2.1.4

. Fig. 2.1.5
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Bacterial suspension (50 microliter in
quarter~strength Ringers solution is dvrawn
into a capillary <tube using the SOCOREX
nicropipette.

Heat sealing of capillary tube containing 50
microliter bacterial suspension highlighting
distance of  cga. four +to five om of
suspension from heated end.



Fig. 2.1.6

Fig. 2.1.7
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Cooling the end of a heat sealed capillary

tube containing 50 microliter bacterial
suspension in water.

Heat inactivation of bacterial suspension in
fully submerged 50 microliter capillary tubes

in a <thermostat-controlled circulating water
bath.
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Fig. 2.1.8

Fig. 2.1i.9
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Thermostat-controllew circulating water bath
with conventional mexrcury thermometer and
Jenway 3100 mnicroprocessor thermocouple used
for heac inactivation studies.

Capillary tubes after heat treatment are

cooled by fully submerging !5 melting ice.




Fig. 2.1.10

Fig. 2.1.11
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Down’s-type  homogenizers wused to crush
capillary tubes to dilute and enumerate
bacteria after heat inactivation.

Set of five 50 mnicroliter capillary tubes
crushed in a Down’‘s-type homogenizer
containing 2,25mi{ sterile guarter-strength
Ringers solution (10™1 giiution). '
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Lb. sake in MRS broth
(early logarithmic growth phase, ODgyg = 0,3-0,5)
v : :
adjusted to log,q 7,00 cFumi™!l with quarter-strength
Ringers solution (pH 6,2)

' L '
cell pelleting (microcentrifuge, one minute)

L 4 ' '
washing { resuspension (0,iM phosphate buffer, pH 6,2)
(x2)

kyortexing to disrupt cell clumps (30 seconds)

_ . $ _
cell pelleting (microcentrifuge, one minute)

_ _ v
resuspension (quarter-strength Ringers solution

+ 1,0% Tween 80, PH 6,2)

: v o :
vortexing to disrupt cell clumps (one minute)

A4
Heat resistance determination at 63°C by three

separate runs

FPig. 2.1.12 Flow diagram illustrating procedure for cell
preparation to assess the effect of 1,0% Tween 80
in heating medium on cell clumping during heat
inactivation of Lactobacillus (Lb.) sake.

i



sapn aurviver count {leog CFO/ml}

46

23 1 1
“& . hé\ ™,
3 ‘.“ ] [ o, . ]
- o E - * ".‘ P
7.3 4+ e a1 az Ay
- -, 5 b *a, r

7 J
§
fal r [ § - T ~
g ti8 \ R ) L TR NN
o 3 "‘-“l:l -.‘-‘ \\‘ o = -“‘ q.“‘ I‘" a.“
[ ‘."R"‘\ “\t 1 ‘."'- o N, “‘s “"-
5.1 (oo™ = 2l 5.1 e O
[ { " “Q - .. 7 5 3 o “». v bt
a_ 5 h ._‘ . ., \‘ 4 H - ] s“ -.‘5 ‘\.‘ 4
4 r " 1 a’s, . ., o * 3 ., . N . ™,
E L “uy L *u, “'.. F heY pe W \Q
b a2 - i =i o 1 : e B "y
- e ., o', . L - ., o . 4
3 - - ' - -
F h‘! ﬁ'\ “'t “"- ﬁ b . - - \‘. .~\
E s ., s e 3 [ e, N S
™, "y, ~, 1 . . ] 1
Lt - - : 2 : S
I . . \\ .. - ‘\.‘ . .,
”“ ‘c. "’n.. ““ \nt e,
“, ~INe o [NNUT
3 -, \, " . 3
2.1 = > - 2,1 S 2
= I S Lk P L " N
] 0 0 ] w0 108 o 0 ] L] 130 150 Mo
'
haiting tima (weconds) haacing time {ssconds}
al - - a2
™ T i e A ™t — — T v ¥
1.1 tn 1.4k
L “ - b
3 .‘a AN o
[ &2 "'s_ | b A
[ ., 8 . ]
6,7 iy —ay ~ BB E — i
., ., 2 s M.
Y, T tu, e,
) u\ E u_‘ Sy,
1 ".‘ “u, L. R "...
e . - L . .., 4
S S [PAL) .
57 o - r. 3.0 - = <
] . "y - Al *a, ~u,
] ., - he [ h -, .
N “" -~ . - ao
LN . . 3 . . . ]
. “uy ., "y [ I bt Yoo T
x ! -
- ey |- I ., . E M "ra, - g & e L
o 3 » ) [ = Ly g
K T % = - ol = R T =
| L . ., ., L Ny - o E
o s -
[ “‘I .‘t ‘-“ﬁ “‘U [ . - ‘.‘ l “‘b 1
L » - *u, - . . L E
-, 1 s a. H [ o ., Y W
3 -.‘ [+ ., \ v "":. 1.‘. ]\
1.1 < 2 e LI - .
N, i} Y
3 » . |.\ \ "-.‘ E 3 L - ."-“\ 1
E L . N ]
3 -“. ‘.“ ] [ “‘v. “‘. ]
| . ,‘ . .
L N ] A {. J
2.7 > >, .8 = ?—
* . — e b L b — e — R
v 0 1] 1] L01] e 120 L] kL 0 E L 120
henting time {3aconds) . basting tisma (ascondel

Fig. 2.1.13

bl b2

Linear regressions of triplicate data sets of
Llog cFumi~t  vs. heating time for Lg.
mesenteroides (a) and Lbh. sake (b) heated in

_the early logarithmic growth phase (pH 6,2)

at 63°C (1) and 57°C (2). Dotted 1lines
represent 95 & 99% confidence intervals.
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Linear regressions of triplicate data sets of
log cruml~! wvs. heating time for Lc.
mesenteroides (a) and Lb. gake (b) heated in
the early logarithmic growth phase (pH 5,8)
at 63°C (1) and 57°C (2). Dotted 1lines
represent 95 & 99% confidence intervals.
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Table 2.1.1  Heat trsatment time intervals for Lactobacilius sake amd I@mmm
pesenterojdes to deternine effect of qrowth stage and heating vedimm 2
pH on heat resistance.

Crowth stage and Tsolate Temperattive Exposte time
heating neditm pE {°C) (seconds)
Barly logaritheic, Lactobacil]us 57 ~ 0; 307 €0; 1207 150; 180
ph 6.2 sake 63 0; 15; 30; 60; 1207 150
Leuconostoc 57 0; 30; 60; 1207 1507 180
‘megenifaroides 3 0; 7: 157 30; 607 90
Rarly logaritheic, | Lactobacillus | 57 0; 307 60; 120; 150; 180
pE 5,8 sake 63 07 15; 30; &0; 1207 150
Leuconostut 57 0; 30; 60; 120; 150; 180
Eesenteroides 63 0; 7: 15; 30; 60; 90
Late logarithmic, Lactobaciiing 57 0; 30; 60; 120; 150; 180
PE 6,2 gike 63 0; 15; 30; 60; 90; 120
Lewgoostoc ! 57 0 30; 607 50r 1207 150
eesenteroides j 63 0; 7; 15:30; 60; %0

4 (uarter-strength Ringers solution.

et = e m o

e et e

— T T Ty
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Table 2.1.2  Exposure times and vecovery media used for heat inactivation
of two weat spoilage lactic acid bacteria at 63,

T [ R ————

(1A 73c) (13 15h)

Heating tine 15 and 60 seconds 7 and 30 seconds

irtervals

Plating media MRS {de Man, Rogosa & Shafpe) Agar (BICLAB);

for Hodified MRS Aqar {¥ \gar (BIOLAB) + 0,1% wyw

cell recovery cysteine manchydrochloride (MERCK) + 0,2% w/v

potassive soxbate {UHILAB)};

Standard One Nutrient Agar {STD 1) (BIOLAB)
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Table 2.1.3  Effect of culture vediun® on recovery of Lactobacillus sake and Leuconostoc mesenterolies
after beating in quarter-strength Ringers solwtion (pH 6,2) at 6°C.

significance Jevel

Lectobacillng safe. |
Hoating tine 15 seconds 60 seconds
Nediun RS RS sm1 B WS g1
| Hean® log 5,9 8,9 4,% 1,62 1,68 1,54
comt (CPoml~H® (4,795,12) | (4,305,14) | (4,735,070 | (4,57-4,68) | (4,57-4,68) | (4,48-4,60)
wnd p = 0,826 p = 0,061
significance level
Leuconostor pesenteroides
Heating tiee 7 seconds 30 seconds
Hedix M HDS smy s ees sm1
Mean® log 5,49 5,44 538 5,47 5,42 5,38
court. {croal ) (5,325,65) | (5,27-5,61) | (5,22-5,56) | {5,30-5,64) | (5,255,59) | (5,21-5,55)
wmond p =078 p=0,72%

4 For anbreviations, see Tahle 2.1.2.

D yean of indspendant triplicate siperivents, 95¢ contidence intervals for means showm in bracksts,

€ Hean cPoal™? caleulated from £ive replicate plate counts.

4 analysis of variace for log comts (CUnt L),
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The effects of qrowth phase® and pi® of eating
wadiun on the heat resistance {D-values)® of
Lactobaciilys {Ib.) gake and Leuconostoc

{e.) M

D-values {seconds}

Rarly logarithmic qrowth phase, pf 6,2

D3 Dy Dga D5y
2,5 ™9 20,2 n9
(26,6-41,8) | {42,0-7L,3) | (16,6-5,8) | (31,1-39,9)
=090 { r=-0,98 | r=-0,9% | r=-0,97
Farly loguritimic grovth phase, PA 5,8
Ib. slle L.

X3 D7 Dg D57
28,7 10,2 2,3 46,9
(22,0-38,6) | (32,7-6L,7) | (17,4-27,6) | (37,6-62,4)
r=-0919 | r=-0,9%6 | r=-0019 | r=-0,906

Late iogarithnic growth phase, pH 6,2

Lb. sake Lo, mesenteroides
Dg Dgy Dga Dy
28,9 12,1 3,9 4,0

(22,1-42,1)

r = =0,862

{34,4-54,3)

T = -0,921

{17,4-38,3)

r = =0,816

(35 f3-54 rg)

1 = ~0,925

& Barly or late logarithsic phase.

b (uarter-strength Ringers solution, pH 5,8 or 6,2.

© D-values for bacteria heated at 63°C (Dgy) or
57°C (Dgy ), corresponding 953 confidence intervals
sre shm in brackets.

O correlation coefficients (r) of linear regression 1ines
from which D-values were derived.




Effectofmweensotreamntdwmheatmgaatarconcenmmbersof

Table 2.1.5
LE!QM&M
$ Teen 80 0 1,0 Heating tine
Replicate no. 1 2 3 1 2 3 {seconds)
Wlorobiological 20 | 72 | 70 | 2 | &9 | 74 0
count 59 | 58 | 59 | &% | 47 | 52 15
{logy,, crumly> 45 | 570 49 | @0 | @0 | @0 )
39 b1l 39 a0 oo ] oo 60
29 1311290 | @o| @0 | @ 120

®  Heating in quarter-strength Ringers solution (b1 6,2).

B Bean of tririivate plate couts.

s pena
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2.2 "IN VITRO HEAT RESISTANCE OF SPOILAGE LACTIC ACID
BACTERTA FROM VACUUM-PACKAGED VIENNA SAUSAGES

ABSTRACT

The in wvitro heat resistance of four predominant lactic
acid bacteria from spoiled, vacuum-packaged vienna sausages
was determined in guarter-strength Ringers scliution (pH
6,2). D=values at 57, 60 and 63°C were 52,9. 39,3 and 32,5
asconds  for Lactobacillus zake, 34,9, 31,3 and 20,2 seconds
for Leuconostoc mnesenteroides, 22,5, 15,6 and 14,4 seconds

for Lactopacilius gurvatus and 49,9, 32,9 and 30,2 seconds
for .a Pediococcus strain, respectively. Lactobacillus sake

was the most heat resistant, followed by Pediococcus,
Leuconostoc mesenteroides and ILactobacijlus gurvat.s, in
decreasing order. All four lactic acid bacteria were
considered heat sensitive, since one log cycle reductions
in numbers could be achieved at 57°C in under one minute.
Corresponding z-values ranged from a minimum of 25,2°C for
Leuconostoc Resentercides to a maximum of 50,8°C for
Lactobacillus curyvatus. Z-~values were ¢onsidered
extraordinarily high, which could be explained by the fact
that heat resistance did not change greatly over the 6°C
temperature range in which heat 1resistances were
determined. Survivor curves of lactic acid bacteria were
not striectly linear, and D-values obtained were, therefore,
regarded as underestinates of true heat resistance.
In-package pasteurization processes for vacuum-packaged
vienna sausages calculated on the h::is of in wvitro heat
resistance d&ata should, <therefore, cuwpensate for this
deviation in order to achieve the desired reductions in
levels of contaminating lactic acid bacteria.
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2,2.1 INTRODUCTIOR

Spoilage of vacuum-packaged emulsion-tvre sausages 1is
frequently due %o the growth of lactic acid bacteria (LAB)
to high numbers (Mukher3i and Qvist, 1981; Nielsen, 1983:
Korkeala et ali., 1985,1987; Borch et al., 1988;
Zurera~Cosano et gl., 1988:; von BHoly et al., 1991b; von
Holy and Cloete, 1992). Spoilage of South African
vacuum-packaged vienna sausages (VeVs} by LAB is
characterized Dby undesirable souring of product, gas
Formation and production of milky, slimy exudates in
packages (von Holy et gl., 19%91b; von Holy and Cloete,
1992). Since such spoilage symptoms resulted in products
unacceptable to consumers, they represente? costly losses
to producers {von Holy and Cloete, 1992). Homofermentative
iactobacilli and leuconnstocs predominated in IAB spoilage
populations of VPVS (von Holy and Holzapfel, 1881; von Holy
et al., 199ib; wvon Holy and Cloete, 1992) and it was,
therefore, suggested that control measures aimed at reduced
spoilage should addreas the inactivation of these specific
bacteria (von Brly et al., 1992).

Lowering the numbers of spollage bacteria in
vacuum-packaged processed meakts by in-package or secondary
pasteurization was suggested as a control measure to
decrease numbers and growth of contaminating bacteria, thus
prolonging shelf Jlife (Bell, 19837 wvon Holy et al.,
1991a). In-package pasteurization was suggested as a
feasible option to contrel spoilage of VPVS by LAB (von
Holy et al., 199la), since it was previously found that the
size of the microbial populaticon surviving a pasteurization
process was inversely related to the heat treatment appiied
(Bell, 1983). In addition, recontamination of sausages
would be prevented by the packaging material and only
microorganisms surviving the heat treatment would be able
to cause spoilage (von Holy et al., 18%la).

Pasteurization has previously been shown to improve the
shelf life of semi-processed meats such as ham by
destroying most of the spoilage microcrganisms (Houben,
1982; Delaguis et al., 1986). Furthermore, the shelf life
of vacuum~packaged products such as cooked pork chops
(Prabhu et al., 1988}, hot process (smoked) fish (Eklund et
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2l., 1988) and vienna sausages {von Holy gt al., 199la;
Marshall, 1991) also increased after a secondary,
in-package heat +treatment. Voen Hely et al. {1991a)
reported a fourfold increase in the shelf life of VPVS
stored at 7°c, after in-package pasteurization for 20
minutes in a water cooker at 78~81°C. The double layer
packs of sausages used in the above study were poorly heat
penetrated and core temperatures ranged betwean 52°C and
57°C only. as the above study was performed on a "trial
and error®™ basis, a mnore gquantitative approach, based on
heat resistances co¢f predominant meat spoilage LAB as well
as  theoretically calculated heat process (Fp) values
{Stumbo, 1965; Pflug, 1987; Miller, 1983%) was considered
essential to evaluate the effecriveness of any in-package
pasteurization freatments.

When moist heat at a constant temperature is used to ki1l
microorganisms, death follows a logarithmic order. Numbers
of wviable microorganisms, therefore, decrease exponentially
with time and if logarithms of survivors are plotted
against time of exposure to the lethal temperature, a
straight-line survivor curve should bhe obtained (Stumbo,
1965; Allwood and Russell, 1970; Cerf, 1977; Silliker et
al., 1980; Witter, 1983; Jay, 1986; Pflug, 1987; Boyd,
1988; Miiller, 1989). The decimal reduction time (D) value
may be determined from this curve which is a temperature
gpecific wvalue <for the microorganisms heated. The D~value
is defined as the time reguired at given temperature to
destroy 20% {one log cycle) of mnicroorganisms and
mathematically equals the slope of survivor curves (Stumbo,
1%65; Allwood and Russell, 1970; Cerf, 1977:; Silliker et
al., 1980; Witter, 1983; Pflug, 1987; Miller, 1989).
Z-values are obtained when logarithms of the different
D-values for a specific microorganism are plotted against
the corresponding heating temperatures. Hathematically the
z-value equals the slope of such a curve and is defined as
the amount of temperature reguired to bring about a tenfold
change in the death rate (Stumbo, 1965; King et al., 1979;
Jay, 19867 Miller, 1989). Z=-values for non-sporing
bacteria ranged from 4 +to 6°C (Hansen and Riemann, 1963;
Tomlins and Ordal, 1976), and thus only small temperature
increases would suffice to increase the death rates of most
non~sporing bacteria tenfoid. For instance, the z-value
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for Streptococcus faecium heated in buffer was 3,7°C (Sanz
Perez et al., 1982; ch.l, Table 1.1) aid since this
bacterium had a D-value at 63°C of 6,9 minutes (ch.1l, Table
1.1), raising the temperature by 3,7°C to 66,7 C would
increase the death rate by a factor of ten to 41,1 seconds
(0,69 minutes).

Heat process calculations are time/temperature combinations
that take into account the D-values of microorganisms to be
eliminated or reduced in food products. Such calculations
are, therefore, based on the semilogarithmic, straight-line
model of bacterial death. This model implies that log
numbers of bacteria surviving a heat treatment plotted
against time give rise to a gtraight-line survivor curve
(Stumbo, 1965; Pflug, 1987; Miller, 1989). The model
relates the microbjal load of the product (N,), the
D-value of the microocrganism to be inactivated (Dp) and
the resulting microbial population after heating (N;) to
the heat process value in the following way: Fgp = D
(log N, = log Ng). Thus Fp would be defined as the
time of heating required at a given temperature to reduce
the microbial load of a product to a predetermined level
{(Witter, 1983). The acceptability 1level of such heat
processes, therefore, would be determined by the
manufacturer as the acceptable number of defective units,
or the desired levnl of reduction of microorganisms in each
unit (pack) (Witter, 1983).

Scientific data on the heat resistance of meat spoilage LaB
are largely lacking. Isolated reports, however, addressed
thermotolerant lactobacilli that survived heat processing
of processed meat products and subseguently caused spoilage
(Niven et al., 1954; Houben, 1982; Milbourne, 1983; Borch
et al., 1988; Miller, 1989). Niven et al. (1954) showed
that numbers o©of a heterofermentative Lactobacillus sp.
that survived smoke-cooking of emu’sion-type sausages and
subsequently caused spoilage could be reduced only by three
log oycles, from ca. log 6,0 to ca. 3,0 colony forming
units per milliliter (CFUml™l), when heated in tomato
juice broth at 62,7°C for 40 minutes. Borch et al. {1988)

described a heat resistant Lactobacillug wviridescens that
survived heat processing and caused spoilage of

emulsion-type sausages. When this bacterium was heated in
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ATP Broth at 60°C, numbers decreased by log 2,3 cFUml™t
from sn initial concentration of ca. 1log 6,7 crumi~i,
during 40 minutes of heating (Borch et al., 1988).
Although the above authors did not characterize heat
resistances of these bacteria in terms of D-values,
Milbourne (1583) and Houben (1982) showed that LAB
surviving heat processing of processed meat products
exhibited high D-~values (ch.1l, Table 1.3). In comparison,
heat resistances of spoilage ITLAR rrom products such as
non-pasteurized citrus Juice (Parish, 1991) and
inadequately pasteurized beer (Adams gt 3l., 19892) were
noticeably lower (ch.l1, Table 1.1). :

Although local vienna sausage emulsion was contaminated
with 1LABR at ga. log 5,0 CFUg"l, the smoke-cooking process
was effective in reducing numbers of these bacteria to
undetectable levels in plate count experiments. Lactic
acid Dbacteria, however, recontaminated VPVS during
subseguent handling and packaging (Dvkes et al., 1991) and
were, therefore, not expected to be as heat resistant as
+the I1LAB described by Niven gt al. (1954), Milbourne (1983)
and Borch ef al. {1988). This study aimed to determine the
in witro heat resistance of ILAB which predominated in
spoilage populations of VPVSE (von Holy &t al., 1991b).
D~values obtained for these bacteria would then be used to
determine heat  process (Fp)” values for in-package
pasteurization of VPVS.

2.2.2 MATERIALS AND METHODS
2.2.2.1 Culture selection and maintenance

Lactobaeillus (Lb.) sgake (la73c), Lb. curvatus (1ase),
Leuconostoc (Lc.) mesentercides (lAlSa) and a Pediococcus
strain (16P25Tbhb) were isolated from spoiled VPVS (von Holy
et al., 1991b). Lb. gsake, Lb. curvatus and Lc.
megentervides were calculated mean organisms of a numerical
analysis of phenotypic c¢haracteristics of 61 predominant
spoilage ILAB from VPVS (Dykes, 1591). These three strains
were chosen for heat resistance studies since they were
regarded as representative of previously described,
predominant spoilage populations of VPVS (von Holy et al.,
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1991b). The Padiotgoous strain was chosen since
proportions of this genus were previously found to increase
in pasteurized VPVS. Consequently it was proposed that

these bacteria might be more Theat resistant than
homofermentative lactobacilli and leuconostocs (von Holy
and Holzapfel, 1991). Freeze dried stock cultures were
grown in MRS Broth (BIOLAB) at 25°C for 48 hours and
streaked onto MRS Agar (BICLAB) to check for purity.
Working cultures were grown in litmus milk (160g litmus
milk (BIOLAB): 50y calcium carbonate; 10g glucose; 2,59
liver digest; 2g yeast extract; water to one liter} at 25°C
for 48 hours, stored at 4°C and subcultured in the same
medium every three months.

2.2.2.2 Phase contrast microscopy

To illustrate morphologies of LAB used in this study (Fig.
2.1.1}, cultures were prepared for  phase contrast

microscopy and photographed. Cultures from litmus milk
were streakud onto MRS Agar and incubated at 25°C for 48
heours. Bacterial cells ware transferred onto microscope

slides, immobilized in 0,2% agar and examined using a LEITZ
DIALUX 20EE phase contrast microscope at  1000x
magnification using o0il immersion. Bacteria were
photographed using ILFORD PANF film.

2.2.2.3 Heat resistance determinations

For heat  resistance studies, bacteria were grown in MRS
Broth at 25°C to +the early logarithmic growth stage, the
inoculum density was adjusted to ca. log 7,00 cruml™1l and
cells were suspended for heat  inactivation in
aquarter-strength Ringers solution (QSRS) (pH 6,2) as
described in ch. 2.1. Cells were heat inactivated in glass
capillary tubes in a thermostat-controlled water kath (ch.
2.1) av 57, 60 and 63°C over six time intervals. Heating
time intervals wvaried in length, depending on heating
temperature (Table 2.2.1). The temperature of 57°C was
chosen since VPVS spoilage LAB are psychrotrophic
(Buchanan, 1986; Franz et al., 1991) and it was suggested
that 55°C would suffice to heat inactivate true
psychrotrophs (Silliker gt al., 1980). Higher temperatures
of 60 and 63°C were chosen for more rapid heat inactivation
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and 63°C was, furthermore, oconsidered 1low enough not o
destroy product quality or packaging material during
in-package pasteurization of VPVS (M.A. Jenkin, pers.
COmm. }*,

After heating, LAB were recovered from capillary tubes and
enumerated on MRS agar as previously described (ch. 2.1).
Counts from triplicate plates were meaned and converted to
logarithms (ch. 2.1). To increase statistical significance
of heat resistance data, each heat resistance determination
at a specific temperature {57, 60 or 63°C) was carried out
three times and on Separate occasions.

2,2,2.4 Réplication and computational methods

Triplicate sets of log survivor counts for each heating
temperature were plotted against heating time. A single
best fit regression 1line was calculated for data sets at
each temperature by the least square method (Bradshaw et
al.., 1985,  Donnelly et al., 1986, Bradshaw et al., 1987).
D-vaiues were determined as the absolute wvalue of the
reciprocal of the slope of the regression line (Bradshaw st
al., 1985, 1987). Z~values were determined as the absolute
value of the reciprocal of the siope of the regression line
. obtained, when logarithms of D-values were regressed
against the three heating temperatures {Bradshaw et al.,
1985, 1987). All linear regressions were computed using
the STATGRAPHICS (version 5,0 - STSC Inc. and Statistical
 Graphics Corporation) statistical software program.

M.A. Jenkin, Enterprise Foods, P.0. Box 570, 1400
Germiston, South Africa.
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2.2.3 RESULTS AND DISCUSSION
2.2.3.1 Effect of non-logarithmic survivor curves on
beat resistance determinations
Lactic acid bacteria survivor ourves obtained by linear

regression of Jlog counts ni~t  vys. heating time with 95
and 99% confidence intervals are shown in Figs. 2.2.2 to

2,2.5, Regression analysis showed that slopes of all
regression lines were highly significant (p£0,00005),
validating the linear regression model. Correlation

coefficients for 1linear regressions of log survivor counts
against heating times are cshown in Table 2.2.2.
Correlation coefficients ranged from -0,807 to =-0,974, the
majority being > -0.919 (Table 2.2.2). This indlcated a
satisfactory 1linear relationship between Jlog survivor
counts and bheating tines. on closer inspection of data
points, however, survivor appeared concave, rather than
linear (Figs. 2.2.2 to 2.2.5). When log survivor counts
for the different heating times were subjected to analysis
of wvariance and residuals were plotted against predicted
values (data not shown), trends in residuals exhibited fan
or parabolic patterns. This indicated that the linear
regression model did not describe the heat resistance data
accurately, since residuals are estimates of the error
terms of linear regression models and should be randomly
distributed (Neter et al., 1988).

When moist heat is used +o kill microorganisms at a
censtant temperature, death follows a logarithmic order.
If logarithms of numbers of survivors are thus plotted
against time of exposure to a constant, lethal temperature,
a straight-iine survivor curve sheould be obtained (Stumbo,
1965; Allwcod and Russell, 1970; Cerf, 1977; Silliker et
al., 1980; Jay, 1986; Pflug, 1987; Boyd, 1988; Miller,
1289). Non-linear survivor aurves of convex or concave
shapes, however, were reported for varicus bacteria or
bacterial spores when heated at constant tenmperature
{(Allwood and Russell, 1970; Dabbah et al., 1%7la,b; Moats,
1971; Moats et al., 19271a; Dega gt al., 1972; Sanz Perez gt
al., 1982; Ababouch and Busta, 1987; Ababouch et al., 1987;
Palumbe et al., 1987; Humphrey, 1990; Bhaduri ef al.,
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1991). Concave survivor curves such as the ones ohserved
in this study reportedly result from clumping of bacterial
cells during heat +treatment (Stumbo, 1965; Cexf, 1977,
Witter, 1983) or as a result of heterogeneity of heat
treatnent (Beckers et al., 1987; Donnelly et al., 1287;
Donnelly, 1990). Mpats et gal. (1971a), however, argued
that clumping of cells during heating could not account for
concave survivor cenrves, since such clumps would be
disrupted by dilution technigues employed for enumeration
of survivors. Although bacteria in clumps might be
protected from heat, which would lead to artificial
increases in bacterial healt resistance, disruption of cells
by appropriate dilution technigues would nevertheless
regult in linear survivor curves. Concave survivor curves
for bacteria have also been explained on the basis of
heterogeneity in heat treatment, where the use of open test
tubes during heat inactivation allowed cells to coat test
tube walls above the water bath level and escape the full
effect of heat treatwment (Beckers et gl., 1987; Donnelly,

et al., 1987, Donnelly, 1990). Since capillary tubes in

our study were fully submersed in water during heat
resistance determinations, heterogeneity of heat treatment

could not explain the occurrence ¢of concave LAB survivor

curves in this study.

Heterogeneity of a population of microorganisms with
respect to heat resistance was proposed +to be the only
satisfactory explanation for the occurrence of nonlinear,
concave survivor curves {Moats, 1971, Pajumbo et 2al.,
1987). Concave Survivor curves were previously reported
for LAB heated at constant temperature (Sanz Perez gL 2al..,
1982) and were also attributed to heterogeneity with
respact +to heat resistance. Heterogeneity of LAB with
respect to heat resistance could, therefore, explain
concave survivor curves obtained for meat spoilaye 1LAB also
in this study.

When bacterial death follows a logarithmic order, D-values
may be determined from plots of log numbers of survivors
against heating times at constant temperature. Vas and
Prosgt (1957) and Moats ekt al. (1971a) cautioned against
determinations of D—-values from survivor curves of
microorganisms heated at constant temperature, if these
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were not truly logarithmic. For convex survivor curves,
therefore, Alderton and Snell (1970) and King et al. {(1979)
introduced a mathematical formula +to linearize such
survivor curves. This formula permitted the authors to
calculate parameters analogous to those for the logarithmic
death of microorganisms at constant temperature i.e. D- and
Zz-yalues (Alderton and Snell, 1970; XKing et al., 1979).
For —concave survivor curves, however, no satisfactory
mathematical procedure has yet been reported for accurate
calculation of D-values or analogous parameters.

Published survivor curves which have been interpreted as
leogarithmic are, however, very seldom precisely
straight-line and sometimes deviate considerably from
linearity when individual data points are connected (Moats
et al., 1971z2), Furthermore, since Rahn (1245) and Schmidt
(1957) suggested that the assumption of a logarithmic order
of bacterial death at constant temperature was the most
convenient for comparisons of survival of bacteria at
different temperatures, the logarithmic model of bacterial
death was considered apprepriate to this study for
determinations and comparisons of heat resistances of four
LAB iscglated from VPVS. The logarithmic model of bacterial
death was applied by linearization of concave survivor
curves using linear regression.

2.2.3.2 D-~value determinations

Heat resistance characteristics at 57, 60 and 63°C of four
LAB imolates from spoiled, VPVS are shown as D-values in
Table 2.2.2. Lb. sake was the most heat resistant at all
heating temperatures, followed by the Pediogoccus strain,
Lo, mpesenteroides and Lh. gurvatus isolates in decreasing
order (Table 2.2.2). Dg7, Dgp and Dg4 values ranged
from 22,5 to 52,9, 15,6 to 39,3 and 14,4 to 32,5 seconds,
respectively (Tabkle 2.2.2). '

Heat inactivation of all LAB under the conditions of this
study was deemed rapid, since at least one 1log cycle
reductions could be achleved in a maximum of 71,3 seconds
(upper limit of 95% confidence interval of Dg, for Lb.
sake, Table 2.2.2)}. These D-values wsere considerably lower
than those of 1410 seconds at 65°C and 7374 seconds at 63°C
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reported by Milbourne (1983) and Houben
(1982),respectively, for thermotolerant meat spoilage LAB
{ch. 1, Takle 1.1). Since smoke-cooking of VPVS reduced

ILAB contamination to below detectable levels (Dykes et al.,
1991} and spoilage resulted from growth of LAB
recontaminating sausages surfaces after heat processing
these recontaminating LAB were expected, and indeed showm,
not +to be excessively thermotolerant. Only one report
(Borch gt al., 1988) on aeat resistance of a LAB strain

that did not survive hear processing of emulsion-type
sausages, but recontaminated zausages after heat treatment,
was Ffound. Borch et al. (1988) showed that one log cycle

reductions in numbers of this homofermentative
Lactobacillus sp. cccurred ga. every 90 seconds when heated

at 63°C in ATP Broth. The thermal resistance of this
strain therefore compared favorably to heat resistances of
LAB documented in this study (Table 2.2.2).

Furthermore, D-values of a heterofermentative Lactobacillus
sp. from inadequately pasteurized beer were 156 and 48
seconds, in low ethanol (<0,05%) bheer at 60 and 65°C,
respectively (Adams et =zl., 1989, ch.l, Table 1.1}. 'The
Dgg Value of this heterofermentative Lactobacillus spp.,
therefore, was ca. four times higher than corresponding
Dgg Vvalues of meat spoilage LAB in this study (Tables
2.2.2 & Table 1.1, ch.l1). D-values of Lb. plantarum, Lb.
pseudoplantarum and Lc. mesenteroides isolated from citrus
products were 114, 36 and 90 seconds, respectively, at 53°C
in grapefruit serum (pH 4,0) adjusted to 17° Brix with
glucese (Parish, 1991). Heat resistance values of these
citrus Jjuice spoilage LAB (Parish, 1991) were lower than
those determined for LAB in this study (Table 2.2.2), which
could be explained by the lower heating temperature of
53°C. Even though the heat resistances of spoilage LAB
from  VPVS differed from those of a homofermentative
Lactobacillus strain recontaminating processed meats after
heat processing (Borch et al., 1988), and spoilage LAB fron
citrus Jjuice and beer, they compared more favorably to the
latter than to those of thermotolerant LAB surviving
thermal processing of processed meats (Houben, 1982;
Milbourne, 1983} and milk (Sanz Perez gt al., 1982).

Differences in D-values of spoilage LAB from various
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products could bhe attributed to inherent differences in
heat resistances of the various species or strains (Stumbo,
1965; Silliker et al., 1980; Jay, 1986). Furthermore, it
is well-known that the physiochemical nature of the medium

in which microorganisms are heated profoundly influences -

their heat resistance; with compounds such as fats, salts,
carbohydrates and proteins protecting bacteria from heat
inactivation (Stumbo, 1%65; Meats et al., 1971b; Silliker
et al., 1980; Jay, 1986). The comparatively low D—-values
determined for LAB in this study mnight therefore be
attributable to heating cells in QSRS, a medium which does
not contain  carbohydrates, fats, proteins or other
compounds that could exert heat protective effects. Media
such as ATP Broth, citrus juices or beer previously used
for heat resistance determinations of spoilage LAB, are
lixely +to have contained such protective compounds (Borch
2t al., 1988; aAdams et al., 198%; Parish, 19921). The
higher D-values reported by the above authors c¢ouldg,
therefore, be explained by the use of media which exerted
heat protective effects.

Heat resistance characteristics of spoilage LAB from VPVS
were also compared to those of Listeria (L.} monocviogenes,
since these bacterial groups are closely related (Jones,
1988; van Laack et al., 1992}. Heat resistance
characteristics of L. monocvtoaenes were agsessed
extensively since major outkreaks of foodborne disease
invelving milk and milk products were 1linked to this
pathogen. Concern was expressed that this bacterium could
survive normal milk pasteurization (Bradshaw et al., 1985;
Fleming et al., 1985; James et al., 1985; Donnelly and
Briggs, 1986; Beckers et al., 1987; Bradshaw et al. 1987).
Beckers et 2l. (1987), Donnelly et al. {1987) and Bradshaw
et al. (1985; 1987) showed the inability of L.
mopocytogenes to survive milk pasteurization treatments (15
seconds at 71,7°C) and D-values ranged from ga. 18 seconds
to 36 seconds at a heating temperature of 63,3°C, depending
on the fat content of the milk used to heat cells (Bradshaw
et al., 1985, 1987 - ch.l, Table 1.2). Donnelly and Briggs
{1986) showed D-values of three L. nonscviogenes strains to
be Jess than or equal to 60 seconds, when heated in raw
milk at 62,7°C (ch.l, Table 1.2}.
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D-values for L. monocytogenes heated in milk compared well
to those of meat spoilage LAB heated at 63°C in QSRS (Table
2.2.2). Dg7,g Vvalues for L. monocytogenes in milk with
different fat contents, however, ranged from ga. 246 to 288
seconds (Bradshaw et al., 1985, 1987, ch.l, Table 1.2),
whereas D-values for LAB strains heated in QSRS at 57°C
were considerabiy lower (Table 2.2.2). This indicated that

L. nponecytogenes might be more heat resistant than LAB at
lower heating temperatures. This could be explained by

the presence of compounds such as fats and proteins in milk-

which protected bacteria from heat inactivation, especially
at low heating temperatures. These compounds are not
present in QSRS and the LAB of this study were therefore
comparatively more heat sensitive than L. mgnggg;gggggg
heated in milk at 57,3°C. '

Heat resistance of L. monocvtogenes, moreover, increased
when cells were heated in various processed meat products,
as opposed +o milk. Bhaduri et al. (1991) determined Dgo
and Dg, values of 394 and 924 seconds, respectively, after
heating the bacterium in a 1liver sausage slurry.
Quintavalla and Campanini (1991) reported Dgq and Dgq
values of 438 and 180 seconds, after heating L.
monocvtogenes in meat emulsion. Mackey and Bratchell
(1989) reported Dg, valuei#r of 498 and 318 seconds for L.
nonocyvtogenes heated in thick $lurry of beef and chicken,
respectively. The increased heat resistance of this
bacterium in processed meats was argued to result from
protective influences of compounds such as fats, salt and
curing salt present in processed meats (Farber, 1989;
Wackey and Bratchell, 1989; Mackey et al., 1390; Fain et
al., 193); Schoeni et al., 1991; Quintavalla and Campanini,
1991; VYen gt al., 1991). Quintavalla and Camparini (1991),
for example, reported D-values of L. monocyfogerns heated
in meat emulsion to be two to three times higher iran those
obtained when bacteria were heated in tryp* c soy Broth.
This increase 1in heat resistance was attributed to the
presence of fats and curing salts in the meat emulsion.
Curing salts in particular enhanced heat resistance of L.
monocyiogenes in cured meat based media (Farber, 1989; Yen
et al., 1991) and Farber (198%) reported fivefold to
eightfold increases in heat resistance when the bacterium
was heated in ground meat to which cure (nitrite, dextrose,
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lactose, corn syrup and ga. 3% NaCl) was added.

Since vienna sausages also contain fats, salts and cuaring
salts, the heat resistance of LAB in vienna sausage packs
(in situ) is therefore 1likely to be greater than that
deternined in QSRS (in vitro}. Since Quintavalla and
Campanini (1991) determined the heat resistance of L.
moriocytogenes to be two to three times higher when heated
in meat based media as opposed to broth, heat resistance of
I.AB heated in gitu in vienna sausage packs could be
estimated to at least double. Thermal processes for VPVS
calculated on the basis of 1in vitro heat resistances of
LAB, may, therefore, be expected to underestimate the
required heating time by half.

2.2.3.3 Z-value determinations

Z-values for spoilage LABR from VPVS heated at 57, 60 and
63°C in QSRS (Table 2.2.2) ranged from a minimum of 25,2°C
for Lg. |mesenterpides to a maximum of 30,3°C for
Lactobacillus curvatus. Although Lb. gurvatus had the
highest z-value, it was the most heat sensitive of the four
LAB studied (Table 2.2.2). Z-values of the other three
IAB, however, decreased with decreasing order of heat
resistance (Table 2.2.2).

Z-values determined for the four meat spoilage LAB isolates
in +this study did not compare with those reported for other
spoiluve LAB from meat and beer products. The z-value of
the Lb. viridescens strain reported by Milbourne (1983) at
38,5°C was ga. 8°C higher than the highest z-value of LAB
(30,9"C for Lb. curvatus) in this study (Table 2.2.2).
This, however, was expected since this LIb. yiridescens
isplate was also considerably more heat resistant than the
LAB studied here (Table 2.2.2). The z-value is defined as
the number of degrees Celsius required to bring about a
tenfold change in D-value (Stumbo, 1965; King et al., 1879;
Silliker et gl., 1980; Jay, 19286). The Lb. viridescens
isolate, being more heat resistant than LAB studied here,
should thus alse have a higher z-value. This is since a
higher temperature would be required to bring about a
tenfold change in bacterial death rates. The z-values for
Enterococcus faecium and a heterofermentative Lactobacillug
s8p. determined by Houben (1982} and Adams et al. (1989) to
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be 11,8 and 2,2°C, respectively, were at least 13,4°C lower
than those of the LAB of this study (Table 2.2.2). This,
However, was unexpected since Enterocogous faecium and the
heterofermentative Lactobacilins were noticeably more heat
resigtant than ILAB in this study, respectively (ch.l, Table
1.1 & Table 2.2.2), and should therefore have :igher
z-values. Furthermore, heat resistances for LaB in this
study compared favorably to those of L. mongeytogenes in
various milk media (Bradshaw et al., 1985; Donnelly and
Briggs, 1986; Bradshaw gt al., 1987), but corresponding
z-values of L. monocytogenes did not compare well and were
four to =ix times higher for meat spoilage LAB in this
study (ch.l, Table 1.2 & Table 2.2.2}. '

Z—values for  non-sporulating bacteria generally fall
between 4 and 6°C (Hansen and Riemann, 1963; Tomlins and

Ordal, 1976). Z-values of LAB determined in this study,
however, compared neither to these values or +to those
reported for other I1LAB and L. mongcytogenes. The high

z-~values for LAB in this study, therefore, were of
questionable wvalidity and could only be explained by the
fact that D-values did not change by a factor of ten over
the temperature range studied.  D-values of all four LAB
decreased by less than 50%, when the heating temperature
was increased from 57 to 63°C (Table 2.2.2). Since the
z-value measures tenfold changes in D-values and since such
tenfold <changes did not occur, unrealistically high
z-values were obtained from regression of log D-values
against heating times.

The fact +that bacteria with higher h-values should also
have higher z-values was true for LAB in this study, with
the exception of the Lb. curvatus strain. Although this
bacterium was the most heat sensitive of +the four LAB
strains, it had the highest z-value (Table 2.2.2). Again,
this reinforced our earlier observation that z-values were
extraordinarily high and may thus be of guestionable

validity. Moreover, z-values were obtained from
regressions of three D-values against corresponding heating
temperatures. Regressions through only three data points,

therefore, might not have allowed for optimum accuracy.
Consequently, heat resistance (D-value) determinations for
these Dbacteria should be performed at more heating
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temperatures and over a greater temperature range, in order
to obtain z-values which wore accurately describe the
effect of temperature on the relative heat resistances of
meat spoilage LAB.

In this study, however, the temperature range used for in
vitre heat resistance studies corresponded to temperatures
that could be used in ©practise for in-package
pasteurization of wvienna sausages. The temperature range
for heat resistance determinations was thus limited, since
higher pasteurization temperatures were considered to
detrimentally affect product characteristics, while lower
pasteurization temperatures would not suffice to ensure
rapid destruction of contaminating spoilage LAB in sausage
packs, The unrealistically high z-values implied that
extrapolation of heat resistance of meat spoilage LAB to

 tewperatures higher than 63°C was impossible. Thus, even

though product pasteurization at temperatures of gca. 70°C
might be possible, inaccurate 2z-values would preclude
extrapolation of Dbacterial heat resistance to these
terperatures.

2.2.3.4 FT-value determinations

Heat process (Foq) value deterainations for thermal
processing of foods have been based on the assumption that

bucterial death follows a logarithmic order and
straight-line survivor curves are obtained (Stumbo, 1965;
Pflug, 1987; Miller, 1989). Pflug (1987), however,

acknowledged +that mnicrobial destruction curves of almost
all shapes were possible and that only 40% of reported data
on bacterial heat resistance formed approximate
straight~line survivor curves. However, the straight-line,
semilogarithmic model of thermal destruction was the
simplest to be used in engineering designs for thermal
processing of foods in industry (Pflug, 19287). Therefore,
thermal process calculations aimed at inactivating spoilage
LAB in VPVS ghould be bhazed on D-values for LAB determined
in this study. Since survivnr curves of bacteria from which
D-values were derived were neot strictly linear, true
D-values were underestimated and consequently thermal
process calculations should be expected to underestimate
microbial destruction.
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Control measures to inactivate spoilage LAB in VPVS shouid
be aimed specifically at homofermentative lactobacilli and
leuconostocs {von Holy et azl., 1992). Since high
temperature was used as control parameter (hurdle) in
in-~package pasteurization, thermal process (Fp) value
calculations should be based on +the highest in wvitro
D~value determined in this study. Of the four isoclates from
gpoiled VPVS, 1b. sake showed the highest heat resistance
(Table 2.2.2). The upper 95% confidence limit for the
Dga value of this bacterium should thus be used in
Fp-value calculations, since this was the naximum time
needed for a heat process +to reduce populations of this
strain by one log cycle.

Two factors, however, were expected to influence Fp-value
calculations. Firstly, since D-values were derived from
non-logarithmic, concave survivor curves, they
underestimated LAB heat resistance. Fgp-values calculated
on the bhasis of these D-values, therefore, would be lower
than if calculated using D-values from logarithmic survivor

curves. Secondly, D-values of LAB could be expected Lo
increase when bacteria are heated in meat based media as
opposed to QSRS. Fp-values, therefore, would

underestimate LAB heat resistance in vienna sausage packs.
The Fg-values used for pasteurization of VPVS will thus
probably not suffice to reduce LAB contamination to the
desired levels. Nevertheless, Fyp-value determinations
would Dbe useful in estimating the time/temperature
combinations required to heat packs of vienna sausages.
The extent by which reductions in contaminating LAB after
heat treatment of VPVS would be underestimated, however,
would need to be determined by in-package pasteurization
(in sitn) experiments.

2.2.4 CONCLUSTONS

Survivor curves of meat spoilage LAB heated at constant
temperature were non-linear and concave. Although clumping
of ecells during heat treatment was proposed to cause
concave survivor curves (Stumbo, 1965; Cerf, 1977; Witter,
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1983), we concluded +that concave survivor curves in this
study more 1likely resulted from LAB being heterogeneous
with respect to heat resista.ce. Calculation of heat
resistance of meat spoilage LAB, however, was possible when
such curves were linearized by linear regression.

D-values of LAB heated at 57, 60 and 63°C ranged from 22,5
to 52,9, 15,6 to 39,3 and 14,4 +to 32,5 seconds,
respectively. These D~valuesg were considerably lower than
those of 1410 seconds at 65°C and 7374 seconds at 63°C,
respectively reported by Milbourne (1983) and Houben (1982)
for thermotolerant meat spoilage LAB. However, they
compared favorably to those of 156 seconds at 60°C, 36 to
114 seconds at 53°C and 246 to 288 seconds at 57,8°C
reported for ILAB heated in beer (Adams et gl., 1989),
citrus Jjuice (Parish, 1991) and Listeria nmonogvioaenes
heated in =miilk (Bradshaw et al., i985; 1987),
respectively. D-values for nmeat spoilage LAB in this study
were expected to be lower than those of the thermotolerant
bacteria studied by Houben (1982} and Milbourne {19831},
since the latter survived heat bprocassing of processed
meats, whereas  bacteria in ¢this study did not and
represented LAB populations that recontaminated sausage
surfaces after heat processing (Dykes et al., 19891).
D-values determined for LAB in this study compared
favorably but were often lower than those of L.

nonocvtogenes heated in milk (Bradshaw et al., 1985, 1987),
or those of IAB heated in beer (Adams et al., 1989) or
citrus Jjuice (Parish, 1991). This could have resulted
from the presence of heat protective compounds such as

fats or carbohydrates, which could be present in other
heating media but were absent from the guarter-strength
Ringers solution used in this study.

Z-values of meat spoilage IAB ranged from 25,2 to 30,9 and
were considerably higher +than those of 4 to 6°C reported
for other non-sporing bacteria (Hansen and Riemann, 1963:
Tomlins and Ordal, 1976). Such z=values  were
unrealistically high and could be explained by the fact
that D-values did not change greatly over the 6°C
temperature range in which heat resistance was determined.
These z-values could <thus not be used fo extrapolate heat
resistance to temperatures outside of those used for heat
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resistance determinations in this study. Consequently such
extrapolations would over-estimate the increage in
temperature reguired to decrease bacterial heat resistance

by & factor of ten.

D-values of wmeat spoilage LAB at 57, 60 and 63°C were all
lower than sixty eseconds, and led wus to conclude that
spoilage LAB in VPVS could be eliminated by relatively mild
heating., Furthermore, low heat resistance of meat spoilage
LAB confirmed earlier findings {(Dykes et al., 1991) that
such LAB would not survive heat processing of vienna
sausages (70 minutes to remch internal temperature of 72°¢)
during preduct manufacture. Since D-values of meat
spoilage LAB were derived from non-logarithmic survivor
curves and determined in a heating medium which did not
offer heat protection, they were likely to underestimate
bacterial heat resistance during in-package pasteurization
of  VPVS. Vienna sausages  would, therefore, be
underprocessed and desiraed reductions in initial numbers of
LAB ecalculated by theoretical heat process (Fg) values
would not be achieved. In-package pasteurization trials
for VPVS based on in yivro IAB heat resistance data,
therefore, might have to he aujusted to achleve the desired
reductions in contaminating LAB.
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Fig. 2.2.1

Fhase contrast micrcyraphs (1000x
magnification) of predominant Lactohacillus
pake {(a)}, |Lactobacilius curvatus (b),
Leuconostogc mesentercides (c) and Pediococcus
() isclates used for heat resistance
determinations { et represents two

nicrometer).
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fable 2.2.1  Heat treatment time intervals for four lactic
aeid bacteria isolates from spoiled
vacur-packaged vienma sausages.

e

Isolate Temperature | Egposure time
°c} {seconds)
Lactobacillys | 57 07 30; 60; 120; 150; 180
sake | 60 0;-30; 60; 90; 120; 180
63 0; 15; 30 60; 120; 150
Iactobaciliys | 57 0; 10; 20; 40; 60 T
curvatns 60 0; 15; 30; 45; 60 65
63 G 7 15; 30 45; BB
Leuconostoe 59 0; 30; 607 120; 150; 180
xesenteroides | €0 07 30; 60; 90; 1207 140
63 0 7: 15; 30; 60; W
Pediococcus 57 0; 30; 60; 120; 1507 180
5p. 60 0; 15; 307 60; 907 120
63 W T 15; 303 605 90
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Table 2.2.2  D- and z-values for four meat spoilage lactic acid bacteria hested at
63, 60 and 57°C.

Heating Lectobacillus | Pediococcus | Jeuconostoc lactobacjliug

tenperature (°C) | sake sp. megenterojdes | cupvatus
32,5 30,2 20,2 144

63 {25,5-41,8 (21,8~49,3) | (16,6-25,8) (11,4-19,6)
r = -0,937 r=-0,807 | r=-0,8% t = -0,895
39,3 12,9 2,3 15,6

&0 (34,2-56,1) (26,9-42,1) | (25,3-41,2) {13,8+17,9)
T = -0,963 r=-0,924 | r=-0,929 r = -0,972
52,9 04 34,9 2,5

57 (42,0-71,3) (43,0-50,2) | ({31,1-39,9) (17,2-32,2)
r = -0,918 r=-0,95 | r=-0,97 T =086

z-value (°C) 28,3 27,5 2,2 30,9

i e e

3 D-values in seconds, 95% confidence intervals shown in brackets.

D corvelation coseficients (r) for linear regression lines from which D-values vere
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CHAPTER THREE

EFFECT OF IN-PACKAGE PASTE('RIZATION
ON THE MICROBIOLOGICAL SPOILASE ECOLOGY
OF VACUUM-PACKAGED VIENNA SAUSAGES
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3.1 EFFECT OF IN-PACKAGE PASTEURIZATION ON SHELF LIFE
AND SAFETY OF VACUUM~PACKAGED VIENHA SAUSAGES

ABSTRACT

The effect of three in-package pasteurization treatments of

increasing severity on the 1wmicreobial ecology of
vacuun~packaged vienna sausages was assessed under constant
teaperature storage at 8°C. Treatment parameters were

calculated from D-values  of predominant lactic acid
bacteria from spoiled vacuum-packaged vienna sausages.
Microbiological shelf 1ife vwvalues (5x106 CFUg-l) were
derived from total aerobic plate counts and lactic acid
bacteria counts and compared to those of untreated control
samples. Enterobacteriaceae and yeasts were also
quantified and the incidence of Listerja and Clostridium
was determined. Pasteurization lowered the initial
contamination levels and significantly decreased growth of
lactic acid bacteria. Depending on treatment, the
microbiclogical shelf life of pasteurized samples increased
to 10, 14 and 17 fold that of control samples.
Enterobacteriaceae  and yeasts failed to dominate the
spoilage ecology of ontrol samples and were almost

completely eliminated from pasteurized samples. The
incidence of Listeria and Clogtridium was low in conirol
samples. The absence of Listeria in pasteurized samples

indicated inability to survive the heating treatments.
Increasing incidences of clostridia and the presence of
pathogenic Clostridium perfringens type 2, however, were
documented 1in pasteurized samples. Although the heat
treatment effectively delayed spoilage by lactic aciu
bacteria and hence improved shelf life, results suggested
that in-package pasteurization might compromise product
safety.
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3.1.1 INTRODUCTION

Processed meats have been salted, or salted and cured and_
nay ejither be raw or c¢ocked {Tompkin, 1986). Cocked

processed meat products receive heat treatments to core
temperatures of at least 60°C and fregquently to above 70°C,
which normally eliminate vegetative microorganisme, so that
only bacterial spores of Bacillus and Clostridium (C.) spp.
survive (Houben, 1982; HNielsen and Zeuthen, 1984a,b; Carr
and Marchello, 1986; Delaguis et al., 1986; Kokubo et al.,
1986). After heat processing, however, such products are
usually recontaminated during handling, vacuum-packaging
and possible slicing from environmental sources (Par=iis
and Stiles, 1978; Steele and Stiles, 1981; Nielsen and
Zeuthen, 1984a,b; Borch et gl., 1988; bykes et al., 1991;}.
Since cooked processed meats are typically low-acid (pH ca.
6,0), have a high water activity (0,97=-0,99) and contain a
wide variety of freely available nutriente, they provide a
favorable environment for the growth und multiplication of
a variety of microorganisms (Buchanan, 1986).

Numercus studies implicated the lactic acid kacteria (LAB)

as the wmwajor spoilage populations of vacuum~packaged

rrocegsed meats {(Allen =and Foster, 1960; Sharpe, 1962;
Kempton and Bobier, 1970: Mol et 3l., 1971; Rorkeala et
al., 1987;  Zurera~Cosanc &t al., 19882; von Holy et al.,
1991a,b). The dominance of these bacteria in the spocilage
assocliation of processed mneat products was attributed to
their tolerance of microaerophilic conditions within vacuum
packs, as well as their ability to grow at refrigeration
temperatures (Kempton and Bobier, 1970; Enfors and Molin,
1980; ¥Xgan, 1983; Buchanan, 11986; Holzapfel and Gerber,
1986). In addition, the production of lactic acid during
growth of LAB results in a decrease of pH to levels
sufficient to inhibit growth of other potential spoilage
and pathogenic microorganisms such ag  Brochothrix
therno acta, Entetrobacteriaceae and Clostridium spp.
(Ritter, 1950; Riemann et al., 1972; Davidson and Webb,
1973; Christiansen et al., 1975; Shkiu: et gl., 1978;
Schillinger and Liicke, 1988; 4uschild,  1989).
Furthermore, the production of antimicrobial compounds such
as diacetyl and bacteriocins was recognized as an important
selection factor for the predominance of 1LAB in processed

iy e g
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meats and other foods (Daly et =al., 1872 Jday, 1982:
Nielsen and Zeuthen, 1985; Anderson, 19863 Wang et al.,
1986; Klaenhammer, 1988; Schillinger and Liicke, 1989;
Karunaratue gt al., 1990). In addition, LAB may contribute
to the safety of processed meats products, since they
exhibit antimicrobial activity against foodborne pathogens

such as Clostridium botulinum and [Listexria (L.)
monocytogenes (Spelhaug and Harlander, 1989; Schillinger

and Holzapfel, 1990; Berry et al., 19%1; COkereke and
Montville, 1991; Schillinger et al., 1991; Degnan eif al.,
1992). Antimicrobial activity of LAB was recognized as an
important factor in inhibition of clostridia in processed
meats, since these products typically have pH’s, water
activity and salt concentrations that allew for growth of
many clostridial strains (Riemann et al., 1972; Sperber,
1982; Hauschild, 1989; Labbe, 1989; Table 3.1.1}.

Studies on vacuum~packaged processed meats under controlled
temperature storage have shown that LAB dominated the
spoilage populations Airrespective of their initial numbers
in individual packs (Reuter, 1969),. The shelf life of
processed meat products is also dependant on the type of
product, as well as the storage temperature (Kempton and
Bobier, 1970:; Laley: et al., 1984; Zurera-Cosano et al.,
1988; Xorkeala et al., 1989). Korkeala et al. (198%)
reported the shelf 1life of vacuum-packaged cooked ring
sausages to be 55, 43, 29 and 17 days at 2, 4, 8 and 12°C
storage, respectively, at which time the lactebacilli count
reached 10’7 colony forming unite per gram (CFUg™1).
Zurera~Cosano gt al. (1988) found similar results for the
shelf 1life of vacuum-packaged Frankfurters at 28 and 42
days during storage at 7 and 2°C, respectively and numbers
of I1aB reached 10% crug™l. A variety of =sliced,
vacuum-packaged continental meats exhibited a shelf life of
only 8 days at 7°C, after which bacterial numbers had
reached 108 CFUg'l {Schneider gt al., 1983). In this
case, lowering the storage temperature to 2°C extended the
shelf life to 25 days, but LAB were again the predominant

spoilage populations. Shelf life in the above studies was
taken as the ‘time needed for products to become visibly
spoiled, which occurred at LAB counts of 107 to 10°
crugL. In a previous study, the shelf 1life of

vacuum-packaged vienna sausages (VPVS) was 11 days at 7°C

g
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storage (von Holy et gl., 1991a), based on maximumn
microbial numbers of 5x10% ¢Fug™l and termed the
microbhiological shelf 1life. at this stage the product
showed no visible spoilage symptoms {von Hely et al.,
1991a) but the counts were taken to indicate a resalistic
criterion of imminent shelf life expiry (von Holy et al.,
1991a).

The above studies demonstrated that shelf life of a varlety
of vacuun-packaged processed meats was relatively short,
everr, at low temperature storage. The control of speilage
of such products by low temperatures alone, therefore, does
not appear to be effective.

Numerous preservation methods (heating, freezing, chilling,
freeze-drying, drying, ocurirng, salting, sugar addition,
acidification, fermentation, smoking, oxygen removal,
carbon dioxide addition and irradiation) are used to make
processed meats shelf-stable and safe (Leistner, 1987).
These preservation methods, however, are based on
relatively few parameters (or hurdles), i.e. ¥ (high
temperature), t (low temperature}, a, (less available
water), pH (sufficient acidification), Eh (reduced oxygen
potential), preservation (e.g., nitrite, smoke, CO,) and
radiation (e.g., gamma rays). The hurdle concept as
described by lLeistner (1987), récommends the incorporation
of combinations of these parameters into food products at
appropriate intensities, so that undesirable microorganisms
are unable to overcome them. Spoiiage would thus be
prevented or delayed. Furthermore it was shown that
hurdles have an intensifying effect and enhancements of
individual hurdles exerted a synergistic effect on the
microbiological stahility of the product (Leistner, 1987;
Scott, 1989).

Vacuum-packaged vienna sausages account for approx, 23% of
products manufactured by South Africui. meat processors
(Business and Marketing Intelligence, 198%5). These
products are prone to spoilage by LAB during refrigerated
storage, resulting in costly losses to producers (von Holy
and Cloete, 1952). To control the microbiological spoilage
of VPVE, only limited opportunities for manipulation of
hurdles exist without adversely affecting product
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characteristics. Processed meats have water activities
(a,) and pH'S which allow for the growth of spoilage LAB
{(Buchanan, 19%6). Vacuum-packaged wvienna sausages, for

example +the ones wused in this study, have a typical a,, of
0,98 and pH of 6,2. Furthermore, many meat spoilage LAB
are pesychrotrophic and hence capable of growth at 5°c,
microaerophilic as well as tolerant to high concentrations
of nitrite (Dodds and Collins-Thompson, 1984; Buchanan,
1986, VYranz gt gl., 1991)}. The use of high temperature (F)
as an additional hurdle to low temperature product storage,
howaver, was considered an attractive option to control the
spoillage of VPVS by 1AB, since the size of microbial
populations surviving a pasteurization process was shown to
be inversaly related +to the heat treatment applied (Bell,
1983). Furthermore, since recontamination of product would
be prevented by the packaging material, only microorganisms
surviving the heat treatment would be able to cause product
spoilage (von Holy et gl., 1%9ia).

In-package pasteurization of vienna sausages in double
layers previously achieved noticeable shelf life increases
(von Holy et a2l., 199ia) but was performed on a "trial and
error® basis and did not take into account the heat
resistance of spoilage LAB. Furthermore, von Holy gt al.
(i991la) found VPVS to be poorly heat penetrated during
pastsurization, and maximum sausage core temperatures of
only 57°C were achieved.

Thizs study, therefore, aimed to use jipn witro heat
resistance data of meat spoilage LAB to calculate heat
process (FT) values {Stumbo, 1965; Pflug, 1987; Miller,
1989) that would better defire heat process regquirenments
for in-package pasteurization of VPVS. In-package
pasteurization was undertaken to decrease LAB contamination
and growth and increase product shelf life. This study was
designed to achieve higher core +temperatures during
pasteurization, by packing sausages in single layers into
vacuum bags. The study of wvon Holy et al. (199ia),
furthermore, did not determine the effect of pasteurization
on presence and growth of potentially pathogenic bacteria
in vPVS. This clearly required further study and the
effect of pasteurization on the incidences of potentially
pathogenic bacteria such as clostridia and Listeria was
guantified.
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3.1.2 MATERIALS AND METHODS
3.1.2.1 Determination of heat processing (Fgp) values

Three dJdifferent secondary or in-package heat treatments
were applied to VPVS (Table 3.1.1). The first treatment

(PAST1) was relatively mild and not based on a heat
processing (Fgp) value (Stumbo, 196%5; Pflug, 1987; Miller,
1989). Instead, a core temperature of 60°C was arbitrarily

selected. The second (PAST2) and third (PAST3) heat
treatments of VPVS were, however, bhased on Fyp values
{Table 3.1.2).

3.1.2.2 Heat processing

Vienna~-type emulsion sausages were manufactured according
to a standard commercial recipe ard methed at a local meat
processing plant (von Holy et gl., 199ia,b}. Sausages were
vacuum-packaged in single layers (Pig. 3.1.1) into 400 gram
racks. Theze were subsequently taken directly from the
production line and split into four groups. Untreated
packs served as a control, while the other three gronps
{PAST1, DPAST2 and PAST3) each received a secondary,
in-package pasteurization treatment. Pasteurization of
each group occurred independently, immediately after one
ancther, in a water cooker held at 67°¢C under continucus
stirring (Fig. 3.1.2). Sausage core temperature and other
pasteurization parameters are shown in Table 3.1.2. Water
temperature was monitored before and during pasteurization
using a Fluke 51K/ thermocouple (John Fluke Mfg Co.
Inc., Everett, Washington, U.S.A,) {Table 3.1.3). Sausage
core temperatures (Table 3.1.3) were measured using two
calibrated Jenway 3100 Microprocessor thermocouples. Core
temperatures were measurad on randomly chosen packs of
sausages which were removed from the cooker every two
minutes. One thermocouple each was inserted into the center
of a sausage located in the mniddle of the pack (Fig.
3.1.3). After the required heat +treatment, samples were
removed from the cooker (Fig. 3.1.4) and cooled in ice
(Fig. 3.1.85) to core temperatures below 4°C. Times needed
to remove all sausage packs from the water cooker and core
temperatures of the last pack removed are shown in Table
3.1.3. Samples were transported to the laboratory and
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gtored at 8°C (+0,5°C) in a low temperature incubator (Fig.
3.1.6). A storage temperature of 8°C was used as it was
representative of temperatures in retail display cabinets,
which can reach 8 to 10°C or more in upper product layers
{MuKheril and Quist, 1981).

3.1.2.3 Microbiological analysis

Duplicate samples of each treatment were analyzed {Table
3.1.4) daily for +the first week, then at two-daily
intervals for the next 18 days, three-daily intervals for
the next 12 days, ga. five-daily intervals for the next 45
days, followed by weekly intervals to the end of the
storage period (128 days). In addition, duplicate packs of
each <treatment were alsc analyzed for +the presence of
Listeria and Clostridium after one, two, three, five, seven
and eighteen weeks of storage at 8°C.

Packs were opened aseptically and samples taken by cutting
across individual sausages and aseptically removing 20g
from the middle of each vacuum bag. These were homogenized
in 180ml1 of quarter-strength Ringers solution (0X0ID) for
two minutes using a Colworth 400 stomacher. Numbers of
total aerobic bacteria (TAPC), lactic acid bacteria (LABC),
Enterobacteriaceae (EC) and yeasts (¥C) were determined by
duplicate pour (10”1 dilution) and spread plating of a
single serial tenfold dilution in quarter-strength Ringers
solution (Tabie 3.1.4). Plates showing between 30 to 300
colony forming units (CFU) (or highest number if below 30)
were counted and counts from duplicate plates were meaned
and converted to logarithms. Corresponding log numbers
from duplicate samples were meaned. Assuming one colony on
one of duplicate plates from one sample only, the above
procedure calculations would result in a lower detection
limit of 1log 0,35 CFUg*l {1 (colony) = 2 (duplicate
plates) x 10 (dilution factor) log -+ 2 (duplicate sample) =
0,35}). To obtain a "worst case" scenario the log number of
the sample showing the higher count was also used on its
own . :

For isolation of Listeria, 25 grams were aseptically
removed and  Thomogenized in Listeria Enrichment Broth
(OX0ID) using a Colworth 400 stomacher. For isolation of
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Clostridium, a two-gram sample was weighed out into 10 ml
Cooked Meat Broth (BURROUGHS WELLCOME) (Table 3.1.5).
conditions and procedures for enrichment, isolation,
purification and identificatien are shown in Table 3.1.5.

Clostridium perfringens isolates were typed according to
the methods of Cruikshank st al. (1975).

Samples  were assessed for  organaoleptic spoilage by
recording development of milky exudates (Fig. 3.1.7},
"blowing” (Flg. 3.1.8) or loosening of packaging material,
and sour or “off" odors on opening of packs. Sample pH was
determined from the 10~! dilution using a Jenway 3100
microprocessor pH meter.

3.1.2.4 Shelf life determination

The microbivlogical shelf life (MSL) of VPVS was defined as
the time needed for microbiological counts (LABC and TAPC)
to reach 5x109 ¢Fug™! (von Holy et ai.,199la).

3.1.2.5 Computational methods

To. test for significant differences between the LABC and
TAPC of control and pasteurized samples during storage, a
paired students t test (Clarke and <Cooke, 1983) was
performed on +the difference of these counts. A two way
analysis of variance (ANOVA) with interaction was performed
te test for significance of storage day effect and
pasteurization treatment effects on microbial counts (LABC
and TARC), as well as for +their interaction. All
computations were carried out using the STATGRAPHICS

(version 5,0 -~ STSC Inc. and Statistical Graphics

Corporation) statistical software program.

3.1.3 RESULTS AND DISCUSSTION

3.1.3.1 Effect of pasteurization on initial
microbial numbers

Table 3.1.6 shows the mean LABC, TAPC, EC and YC of control
and pasteurized samples on sanpling day O. Microbial
numbers of control packs were noticeably higher than those
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of pasteurized packs, which was an expected trend, since
control packs vreceived no secondary (in-package) heat
treatment. In the case of LABC and TAPC, initial bacterial
numbers were reduced from ca. log 3,0 CFUg“l to ga. log
1,0 crug™t or less (Table 3Z.1.6). Pasteurization
therefore effectad a reduction of at least 2 iog CFUg'l.
Enterobacteriaceae and veasts were, however, reduced to
below detectable levels by the pasteurilzation process
(Table 3.1.6).

Surface contamination of emulsion-type sausages during
processing has besen reported after smoke—cocking £from
environmental sources - (Korkeala and Lindroth, 1987: Borch
et al., 1988; Dvkes et al.,1991). Initial bacterial numbers
{LABC and TAPC)Y of control samples (Table 3.1.6)
corresponded to previocusly reported levels of log 2,52
(LaBC) and 3,94 (TAPRC) CFUg'l, for the zame type of
product immediately after processing (Dykes et al., 1991).
Initial numbers of Enterobacteriaceae and veasts of this
study, however, were noticeably lower than these reported
at log 3,50 (EC) and log 3,00 (YC) CFUg™L in the previous
study (Dykes et al., 1991). Differences in contamination
levels by environmental nmicroorganisms can be explained by
varying levels of factory and/or personal hygiene at the
different wmanufacturing times. Secondary (in-package)
pasteurization, therefore, was effective in reducing
numbers of initial tbacteria and yeasts to below
contamination levels in contrel packs.

For the PAST2 treatment, the heat processing (Fp) value
was calculated to allow 10 CFUg™! IABR to survive the
pasteurization treatment (Table 3.1.2) ard initial numbers
of LAB approximately decreased to +this level (Table
3.1.6). ¥or PAST3 treatments, however, the theoretical
Fp-value was calculated to allow survival of LAB in only
one out of a thousand packs. Table 3.1.6 clearly shows
that this reduction was not achieved. This trend was not
unexpected, since it has been reported that heat resistance
of ©bacteria may vary considerably in response <to
environmental influences such as PpH, a,, type of heating
medium and presence of salts and other organic or inorganic

compounds (Silliker gt al., 1980). Furthermore, it has

been shown that decimal reduction time (D) wvalues for
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Listeria monocytogenes in meat emulsicon were two to three
times higher <than those determined in tryptone soya broth

(Quintavalla and Campanini, 1991). = Since Fp-values for
pasteurization in this study were calculated from in wvitro
heat resistance data (ch. 2.2), the jin situ heat resistance
of ILAB was anticipated and confirmed to be greater (Tables
3.1.2 & 3.1.6) than in yitro heat resistance of the =same
bacteria in quarter-strength Ringers solution (ch. 2.2).

Lowering the initial numbers of bacteria in finished
processed mneat products to delay product spoilage has
previously been suggested (Allen and Foster, 1960; Kempton
and Bobier, 1970). Although improved plant sanitation was
cited as a suitable method, our results indicated that
pasteurization could be used to lower initial contamination
ievels of VPVS. Pasteurization, however, should not be
regarded as a substitute for hygiene to achisve a reduction
in initial numbers of spoilage bacteria. It has been
documented, however, that there was no relationship between
initial numbers and subsequent growth of LAB in provessed
meat products (Kempton and Bobier, 1970}, and that LAB
became the predominant spoilage populations regardless of
initial contamination levels (Reuter, 1969).
Microbiological analysis of VPVS was therefore regarded as
necessary to determine whether a reduction of initial
numbers of LAB by pasteurization would affect product sheif
life, &as well as composition of predominant spoilage
populations,

3.1.3.2 Effect of in-package pasteurization on microbial
numbers and shelf life

3.1.3.2.1 Effect of pasteurization on numbers of

Entercbacteriaceas and yeasts

Counts of Enterobacteriaceae and yeasts for control samples
fluctuated between < log 2,0 and 4,0 CFUg ! for the first
24 days (Fig 3.1.9a). Numbers of these microorganisms,
however, decresased as storage time increased and after 68
days of storage at 8°C, no Enterobacteriaceae or yeasts
were recovered from control samples (Fig. 3.1.9a).
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The inability of Enterobacteriaceae and yeasts to dominate
the spoilage of VPVS in this study confirmed the findings
of numerous other studies on the spoilage ecology of
vacuum~packed emulsion-type sausages (Fruin gt al., 1978;
Paradis and Stiies, 1978; Nielsen, 19283:; Schneider et 2l.,
1983; Zurera-Cosano et al., 1988; von Holy et a2l., 1%9la),.
Antimicrobial activity of Dbacteriocinogenic LAB was
documented as an important selection factor resulting in
the reduced predominance of Entercbacteriaceae and yeasts
i. processed meats {Daly et al., 1972; Nielsen and Zeuthen,
1985; Andersson, 1986). In addition, diacetyl, a2 metabolic
end product synthesized by ILAB from pyruvate (Kandler,
1983), has been shown ¢to inhibit vyeasts (Jay, 1982).
Furthermore, sensitivity of Enterobacteriaceae towards
micreobially produced lactic acid and associated pH
decreases occurring during growth of LAB in foodstuffs,
have been dJdocumented (Ritter, 1950; Davidson ~and Webb,
1973; Shay gt a2l., 1978; Grau, 1981; Gill and Newton, 1982;
Nielsen and Zeuthen, 1985).

The growth of LAB in control samples of this study resulted
in concurrent pH decreases (Fig. 3.1.9a) and a noticeable
decrease from initial product pH values of ¢a. 6,2 ~ 6,3 to
below pH 6,0 occurred when the LAB count reached approx.
log 7,0 CFUg-l (Fig. 3.1.9a). This correlated well to
findings of Korkeala et al. (1990) who showed that pH
values of c<ooked ring sausages were first at a constant
level of ca. 6,3, but decreased sharply after the lactic
acid bacteria count reached ga. log 7,7 CFUg'l.‘ Further
rH decreases from pH 6,0 to 5,0 occurred as numbers of LAB
increased to gca. log 8,0 CFUg L (Fig. 3.1.9a). This
corresponded to a decline in numbers of Enterobacteriaceae
from ca. log 3,0 to 2,0 CFUg™! (Fig. 3.1.9a). Numbers of
these bacteria declined further as the pH dropped to lower
levels, until no more Enterobacteriaceae were recovered
after 63 days (Fig. 3.1.%9a). Microbially preoduced lactic
acid and concurrent —reductions of product pH mnay,
therefore, explain the inability of <these bacteria to
dominate the spoilage association of VPVS in this study.
Yeasts, however, are known to tolerate lactic acid and pH’s
of gza. pH 5,0 (Buchanan, 1986; Beuchat and Golden, 1989).
The inability of yeasts to dominate in the spoilage ecology
may therefore be a result of bacteriocin and/or diacetyl
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inhibition, as well as other factors such asg slower growth
rates and inefficient substrate wutilization (von Holy et
Q_l- 7 19 91a ] M : .

For pasteurized samples, numberz of Enterobacteriaceae and
yeasts were generally Ilower than log 0,6 CFUg"l for tha
entire storage period (Fig. 3.1.9b). Morecover, +these
microbial groups were not recovered on all sampling
oceasions, which indicated almost complete elimination by
pasteurization. : Low heat resigtance of most
Enterobacteriaceae has been documented and ig exploited
commercially in, for example, milk pasteurization (Jay,
1986).  This elimination of Enterobacteriaceas in VFVS was
desirable from a practical point of view, since it could
reduce the incidence of  |bhacteria such as Yersinia
enterocolitica and salmonellae in vacuum-packaged processed
meats (Nielsen and Zeuthen, 1985} and, therefore, prevent
the growth of these potential pathogens under conditions of

“product temperature abuse.

3.1.3.2.2 Effect of pasteurization on numbers of total

aerobic and lactit acid bacteria

Microbial counts (LABC and TAPC) of non-pasteurized
(contrel) and pasteurized samples over 123 days storage are
shown in Fig. 3.1.10. For control sanples, counts
increased rapidly over the first 14 days to levels around
log 8,0 CFUg"l. Bacterial counts then stabilized at ga.
log 8,0 CFug™ L (Fig. 3.1.10). For pasteurized samples,
considerable fluctuations in microbial numbers were
evident, but for PAST1 and PAST2 treatments, a gradual
increase in numbers to ga. log 8,0 CFUg™' could be
observed with increasing storage time (Fig. 3.1.10).
Although counts of the PAST3 treatment also increased to
ca. log 8,0 CFUg"l, low counts at various sampling
intervals indicated high variability between samples (Fig.
3.1.10). Figure 3.1.10 alsc shows noticeable differsnces in
shelf 1life (Table 3.1.7) and bacterial numbers (IABC and
TAPC) between <wuatrol and pasteurized samples. Statistical
analysis of the difference in numbers of these bacteria
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between control and pasteurized treatments was therefore
not deemed necessary (D.H. MNMeyer, pers.-comm.)*. Since
bacterial numbers of all pasteurization treatments were
comparable and ranged from log 1,0 to 4,0 CFUg“i for the
first twenty days of storage (Fig. 3.1.10), statistical
analysis to test for a significant difference between
pasteurization treatments was only applied to counts after
day twenty (D.H. Meyer, pers. comm.]*.

The +wo way ANWNOVA showed significant (p = 0,00) day and
treatment effects for both LABC and TAPC. This implied
that there was growth of microorganisms in sausage packs
over +time, and that pasteurization treatments differed
significantly from each other in their ability to reduce
numbers and growth of microorganisms. Moreover, there was
‘no significant  interaction between day and treatment
effects for both the TAPC {p = 0,28) and LABC (p = 0,18}.
This implied that despite fluctuations in microbial numbers
over time (Fig. 3.1.10), there were no significant
differences in the shape of these curves for PAST1, PAST2
and PAST3 treatment. :

Increases of LABC and TAPC to high numbers in a short time
for control samples indicated that bacteria were ideally
suited for growth in VPVS, which confirmed findings of
previous studies on vacuum-packaged processed meats (Allen
and Foster, 1960; Holzapfel and Gerber, 1986; Borch ei al.,
1988; wvon Holy et al., 199la,b; wvon Holy and Cloete,
1992). Iin the case of pasteurized samples, however, counts
fluctuated considerably and there was no consistent
increase in  bacterial numbers between all sanpling
intervails. Fluctuations in LABC and TAPC betwzen
pasteurized VPVS samples on successive sampling days have
been reported previocusly, and were ascribed to inter-sample
variation resulting from unegual heat penetration during
pasteurization (von Holy gt al., 199l1a). Unegual heat

D.H. Meyer, Department of Statistics, University
of +the Witwatersrand, POWITS 2050, Johannesburg,
South Africa.
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penetration of sausage packs thus might have occurred also
in this study, de ‘“ite attempts to minimize this effect hy
packaging sausages inte single layers. Furthermorsa,
inter-sample wariations could have resulted Svom small
differences in heating times, since not all piacks couald be
removed from the wate: cooker at exactly the same time
(Table 3.1.3). Counts (LABC and TAPC) of pasteurized
samples in this study alsc took longer to reach the maximum
of ca. log 8,0 CFUg“l compared to control samples (Fig.
3.1.10). It has been documented before that the size of
the microflora surviving a pasteurization process is
inversely related to <the severity of iie heat treatment
applied (Bell, 1983). Furthermore, it has been reported
that heat injured bacterial cells may remain viable but
unable to© reproduce until the damage is repaired (Silliker
et al., 1980). Statistically significant differences
between the pasteurizaticen treatments observed in this
study were, therefore, speculated to be the combined
results of lower initial populations (Table 3.1.6) as .ell
as slower growth of surviving bacteria (Fig. 3.1.10).

3.1.3.2.3 BEffer~. of pasteurization on microblological
shelf life of vacuum-packaged vienna sausages

Microbiological shelf 1ife (MSL) based on LABC ard TAPC for
the different treatments is shown in Table 3.1.7. Shelf
life wvalues derived from LABC and TAPC corresponded
closely, as was the case in previous studies (von Holy et
al., 199la; Marshall, 1991}). This implied that the LaAB
constituted the majority of the TAPC for all pasteurization
treatments, which &alse was 1in agreement with an earlier
report (von Holy et gl., 199la}. The MSL of VPVS increased
with increasing severity of the heat treatment applied

(Table 3.1.7). For control samples, the "mean" (based on
microbiological counts from duplicate samples ) MSL was
seven days. Microbiological shelf life of non-pasteurized

VIVS has bDeen previously reported to be eleven days at 7°C
storage (von Holy et al., 1991a), which was marginally
longer than observed in this study and may be explained by
the slightly lower storage temperature. The "mean" MSL
valres of PASTL, 2 and 3 samples based on the LABC were &7,
99 .and 112 days, respectively, whereas the "worst case" MSL
for PAST1i, 2 anrd 3 treatments were 28%, 8% and 5% shorter
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at 48, 91 and 113 days, respectively (Table 3.1.7). Thus
- shelf 1ife increaces of 10, 14 and 17 times (based on
"mean” MSL) and &, 15 and 19 times (based on "worst case"
MSL) were achieved by pasteurization. Since the "worst
case"® scenaric was based on the onte sampie of duplicate
packs showing higher microbiological counts, "worst case"
MSL may therefore express imminent expiry of the product
with a margin of safety, i.e. product spoilage may be
imminent even though +the MSL suggests that product should
still be unspoilt. Clearly, therefore, noticeable
increases of VPVS shelf 1life were achieved by relatively
mild in-package pasteurization processes.

Secondary or in~package pasteurization previously
successfully increased shelf life of vacuum=-packaged
products such as ham (Houben, 1982; Delagquis et al., 198s6),
hot process {smokad) fish (Eklund et al., 1988) and cooked
pork chops (Prabhuv et al., 13988). Shelf 1life of VPVS
packed in double layers (Marshall, 1%91; von Holy et al.,
1991a) also increased after a secondary, in-package heat
treatment. Von Holy et al. (199la) reported a fourfold
increase in shelf life of VPVS stored at 7°C, when sausages
were pasteurized for twenty minutes in a water cooker held
at 78 to B81°C. Marshall (1991) also reported fourfold
shelf 1life increases of vacuum~-packaged vienna sausages
stored at 8°C, after pasteurization in a water cooker for
30 minvtes at 70°C. The double Jayer packs used In the
above studies, however, showed poor heat penetration and
von Holy et al. {199la) reported temperatures at the center
of packs to vary from a minimum of 52°C to a maximum of
57°¢, Packaging of product in single layers (Fig. 3.1.1)
clearly alleviated the occurrence of such "cold spots™ and
led to a guicker and more even heat distribution, which
resulted in 1longer shelf life of VPVS pasteurized at lower
heating temperatures.  Product core temperatures in this
study reached ca. 63°C (PAST2 and 3) in ca. ten minutes
(Table 3.1.3). This, together with the fact that bacterial
growth on emulsion-type sausages 3s e "antially surface
assocliated (Xorkeala and Lindroth, 198, Borch et al.,
1988; Dykes et al., 1991; von Holy and Closte, 1992} and
therefore in direcc proximity of the heat source, could
explain the increased shelf 1life. Packaging of sausages
into single, as opposed to double layers, for in-package
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pasteurization purposes is not only effective in increasing
product shelf 1ife, but also attractive to the mneat
industry in terms of saving energy and time during
processing.

Figure 3.1.10 indicated that the LaBC and TAPC of all
treatments corresponded closely over most of the samp..ing
period, and it was assumed that LAB dominated the TAPC even
for pasteurized samples. To test this assumption a paired
students t test was performed on the difference of LAB and
total aercbic plate counts. This test showed no
significant differences between LARC and TAPC of control (p
= 0,54), PaSTL (p = 0,68) and PASTZ (p = 0,09) treatments.
This, together with our earlier findings that the MSL of
VPVS (based on LABC and TAPC) corresponded well (Table
3.1.7), confirmed that LAB constituted the majority of the
TAPC for control, PAST1 and PASTZ treatments. The paired
students t tast, however, suggested a highly significant
difference (p = 1,61 x 1079) between LABC and TAPC of
PASTI counts, which indicated that in this case the TAPC
was constituted of othe: bacterial populations in additien
to ILaB. Thus, our earlier assumption that LAB constituted
the majority of the TAPC for PAST3 treatments since the MSL
for these products (based on TAPC and LABC) corresponded
well, no longer helid true. '

The fact that the TAPC for PANP3 treated samples on
reaching the mnicroblological shelf life was constituted of
bacterial populations other than LAB, contradicted the
findings of Reuter (1969}, that regardless of initial
numbers LAB became the predominant spoilage populations of
vacuum—packaged processed meats. Since PAST3 was the most
severe heat treatment applied, the change in predominance
might have been due to sporeforming bacteria such as
Bacillus or Clostridium. Spores of tfhese bacteria are
known to be more heat 1iesistant than veaetative celis
{Stumko, 1965; Silliker gt 3i., 19807 Nielsen and Zeuthen,
1984a,b; ¥okubo et al., 1986; Miller, 1989). Since von
Holy (1989) reported an increased predominance of Bacillus
spp. following pasteurization uf VPVS, heating of product,
thereforea, appeared to select for more heat resistant
sporeforming populations in this study. This could explain
the significant differences between LABC and TAPC of PAST3
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samples. The impact of this altered predominance pattern
on safety of pasteurized VPVS would clearly require further
study. A possibility of =electing for potentially

pathogenic Clostridium spp. by pasteurization would, for
exanpla, imply a potential consumer hazard, and thus
warrant further investigationz on their incidence in
pasteurized VPVS.

3.1.3.3 Effect of pasteurization on vacuum-packaged
vienna sausage spoilage symptoms

Failure of bacterial counts to correlate with organoleptic
data in studies on shelf life predictions has been reported
previcusly (Egan and Shay, 1982; von Holy gt al., 1991ia).
Although no professional organoleptic testing regimes were
aprlied, most pasteurized and non-pasteurized samples were
not organoleptically unacceptalidle when counts reached the
MSL (5x10% cFUg'lj (Figs. 3.1.11 to 3.1.,16), apart from
an occasional sour smell and slight lecosening of packaging
naterial. When +total aerobic and lactic acild bacteria
counts reached 1x10% crFug™l, however, milky exudates
occurred within packs and packaging material had loosened
noticeably (Figs. 3.1.11 to 3.1.1i6}. In addition, on
opening of packs a distinct sour or “off" smell was noted.
These observations were in accordance with other reports on
a variety of vacuum-packaged processed meats, in which
products were deemed spoiled when LAB or total aercbic
plate counts reacheda 1x10% crug™! (Allen and Foster,
1960; Mol et al., 1%7).; Egan et al., 1980; Korkeala gt al.,
1989). However, when ocounts reached 1x10% crug™l,
speilage symptoms of pasteurized samples were less severe
than +tho » of non-pasteurized samples (Figs. 3.1.11 to
3.1.16). For example, less exudate developed in vacuum
bags and loosening of packaging material was not as
pronounced as for non-pasteurized samples (Figs. 3.1.1) to
3.1.16) . Speculatively, it was concluded that the lasgs
severe spoilage symptoms in pasteurized samples aould he
explained by a change in predominance of spoilage
microorganisms brought about by the pasteurization
process. Predominant microorganisms in pasteurized product
were thus speculated to differ from those of control
samples on account of less severe spoilage symptoms.
Clearly, the conmposition of predominant spoilage
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populations in pasteurized and non-pasteurized VPVS would
reguire further study.

3.1.3.4 Effect of pasteurization on predominance of
Listeria and Clostridiun

The incidence of Listeria and Qlostridium in vPVS samples
is shown in Table 3.1.8. One Listeria strain was isolated
from a control pack in the first week of storage at 8°C
(Table 3.1.8) and subsequently identified {(Table 3.1.5) as
‘Listeria innocua. No further Listeris were isolated from
control packs during subsequent storage or from any packs
of the three in-package pasteurization treatments {Table

3.1.8). Furthermore, only one control pack contained a -

Clostridium spp. (subsequently identified as G. butvricum)
in +the final week of storage. TFor pasteurized sawmples,
however, clostridia were isolated more frequently {Table
3.1.8). OQut of the 22 clostridium-positive samples (Table
3.1.8), 25 isolates were recovered for identification to
species level (Table 3.1.5). These 25 isolates inciuded C.
kifermentans, C. sporogepnes, C. subterminale, g.
litus-eburense, <C. leptum, C. putrifjcum, C. gphenoides, C.
butyricum and ¢. perfringens (type A).

Listeria monocvtogenes, a bacterial foodborne pathogen, has
been linked ta foodborne illness outbreaks invelving a
variety of foouds (Fleming gef al., 19285, Linnan et al.,
1988; Barnes gt 3al., 1989). Although no outbreaks of
listeriosis have to date been associated with meat
products, risk factor analysis for sporadic listeriosis
suggested an epidemiological asscciation between eating
non-reheated hot-dogs and human Jlisteriosis (Schwartz gt
al., 1988, Glass and Doyle, 1989). Most infectious
microorganisms are controlled in food by manipulating and
controlling of one or more hurdles like pH, a,, storage
tenperature and preservatives (Leistner, 1987; Scott,
1989). The contrel of L. monocytogenes in foods, however,
has been regarded as difficult due to the microorganism’s
unigue tolerance to control factors +that would normally
prevent, or severely limit growth of other commenh focdborne
microbial pathogens (Leistner, 1987; Doyle, 1988; McClure
et al., 1991). For example, Listeria has minimum growth

——————

Tl TR



99

temperatures and pH's of O0'C and pH 4,3 to 4,5,
respectively (Farber et al., 1989; McClure gt al., 1989;
Grau and Vanderlinde, 1990). Furthermore, these bacteria
have been reported to grow at decreased oxygen
concentrations and to +tolerate relatively high (ga. 10%)
concentrations of NaCl as well as sodium nitrite (Seeliger,
1961; Shahamat ek al., 19807 McClure gt al., 1989).
Shahamat et al. {1980) suggestad that 100ppm nitrite
inhibits growth of L. monocvtogenes only when combined with
more than 3,0% NaCl and a pH value at or below 5,5, at
5°C. The VPVS under study here had a pH of 6,2, contained
2,2% NaCl ariad a maximum of ca. 100ppm residual nitrite
(M.A. Jenkin, pers. comm.)*, which wmight well allow for
the growth of Listeria spp.

The isolation of one Listerja strain in this study, as well
as rdported incidennes of Listeria at frequencies of 10 to
50% in other vacuum-packagad processed meats, showed that
contamination by and growth of this pathogen could occur in
theze types of products {(Buncic et al., 199%1; Rorvik and
Yndestad, 1991; Grau and Vanderlinde, 1992). Since ounly one
Listeris strain was isolated from a contrel pack of
sausages during the first week of storage in this study,
and no Listeria could be isolated during subseguent product
storage, it was speculated that these bacteria were
successfully inhibited by competitive 1AB populations.
This was thought to be highly likely since numerous reports
have shown that a diversity of LAB strains are antagonistic
towards and inhibit growth of Listeria (Xlaenhammei, 1988;
Harris et al., 1989, Raccach et @l., 1989; Spelhaug and
Harlander, 1989; &Ahp and Stiles, 1990; Schillinger and
Holzapfel, 1990; BHastings and Stileg, 1991; Schillinger et
al., 1991; Skyttd et al., 1991; van Laack et al., 1992)

Initial contamination levels of Listeria in vacuum-packaged
processed meats varied from 0,3 g"l for vacuum-packaged

Germiston, South Africa.

M.A. Jenkin, *"nterprise Foods, P.0Q. Box 578, 1400
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ham samples up to ga. 3x10* cFug™l in sliced
vacuum-packaged processed meat products (Rorvik ¢

¥ndestad, 1991). As a potential for contamination of
processed meats (including VPVS) by Listeris spp. deces

exist, and since these pathogens may have a low infective
dose especially in susceptible persons (Varabioff, 19%2), a
need exists to control the presence and growth of these
bacteria in such products. Post-processing pasteurization
has been proposed for the control of L. mongcvtogenes in
vacuum-packaged processed meat products {(Glass and Doyle,
1989). Although there have been numerous detailed studies
on the thermal resistance of L. mnonocytogepes in dairy
products (Farber, 1989; Mackey and Bratchell, 1989; Knabel
et al., 1990; Bradshaw et al., 1991), limited information
is available on the fate of the pathogen during thermal
processing of meat products (Johnson et al., 1990; Bhaduri
ek al., 1951). It has nevertheless been proposed that
cooking rrocesses normally applied to processed meat
products should be adeguate for the elimination of L.
nonocvtogenes {Glass and Doyle, 1989; Zaika et al., 1990).
Zaika et al. (1990) showed +that the typical process for
cooking Frankfurters (70 minutes to an internal temperature
of 71,1°C) should kill L. nonocvtogenes at <103 CFug™l
initial contamination. Similar heating processes employed
during the manufacture of wvienna sausages (70 minutes to
reach an internal temperature of 72°C) (von Holy et al.,
1991k} should, therefore, ke adequate to destroy these
pathogens also in this product, provided the initial

contamination is <103 CFUg"l. Contamination of
vacuun-packaged processed meats by Listeria could, however,
also ocour as post-processing contamination (Varabioff,
13992). This contamination could then be eliminated by a

secondary (in-package) pasteurization step.

Thernal ragsistance studies for L. nongcvtogenes have
reported relatively low D-values of 0,65 minutes at 65°C
and 1,1 mnminutes at 62,8°C, when these bacteria were heated
in raw beef and liver sausage slurry, respectively (Mackey
and Bratchell, 1989; Bhaduri et al., 1991). Farber (1989),
however, found that addition of curing ingredients to
ground wmeat increased the heat resistance of this pathogen
between f£fivefold =and eight fold. The reported D-value of
L. meonocvtogenes in ground meat plus cure (cure included
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nitrite, dextrose, lactose, corn syrup and ga. 3% NaCl) was
1,28 minutes at 64°C (Farber, 1989). 'These data suggested
that smoke-cooking of vienna sausages together with
in-package pasteurization would effectively inhibit
Listeria spp. when contamination levels are low. Failure
to detect any Listeria spp. in any pasteurized VPVS samples
(Table 3.1.8) suggested that this was indeed the case. It
must be stressed, however, that effective sanitation
programs should be maintained to keep initial contamination
of vienna sausages by Listeria spp. to a minimum. Complete
elimination of +the pathogen by in-package pasteurization
would then be assured.

The Gram—-positive, anaerchic spore forming bacteria of the
genus Cleostridium include the well described fcodborne
pathogens €. hotulizum and €. perfringens (Atlas, 1984).
C. botulinum strains have been classified into seven types
(A to G) on the basis of the serological specificity of
characteristic neurotoxins they produce (Hauschild, 1989}.
C. bhotulinum types C and D are non-pathogenic to humans,
and type G has not been implicated in human disesse to date
{Sperber, 1982). Most +ype E cutbreaks of botulism were
assocliated with consumption of fish or fish products (Sofos
et @l., 1979; Simunovic et al., 1985). Numerous reports
indicated that ¢. botulinum is & rare contaminant of

processed meats. Insalata gl al. (1969) and Taclindo
(1¢67) found only one out of 200 samples of vacuum~packed
Frankfurters, and 73 samples  of luncheon meats,

ragpectively, contaminated with ¢. betulinum type B. While
Abrahamson and Riemann {1971) found only six samples of 372
meats to be positive for C. botulinum, Kokubo et al. (1986)
failed to detect the pathogen in any of 469 cooked meat
products.

Enterotoxin propducing C. perfringens strains have been
classified into five types (A to E) according to the types
of extracellular toxin (alpha, beta, epsilon and iota) they
produce (Labbe, 1989). virtually all food poisoning
cutbreaks of C. perfringens, however, were caused by type A

strains (Labbe, 1989). Conflicting reports on +the
incidence of €. perfringens in processed meats are reported

in the 1literature. Fruin gt al. (1978) reported that less
than 1% of 419 Bologna product samples contained these
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bacteria, and that counts in positive samples were <5
CFUg“l. '~ Duitschaever (1978) and Paradis and Stiles
(1978) could not datect C. perfringens in 180 Frankfurter
samples and 113 samples of vacuum-packaged sliced Bologna,
respectively. By contrast, Kokubo et al. (1986} detected
clogtridi~ in 32,8% of 469 cooked meat product samples and
44,8% of isolates were C. perfringens. Contamination by
clostridia in 20,9% of these positive samples, however, was
at & 2avel of <10 CFUg™*. Although only a limited number
of sai;les were evaluated for the presence of clogtridia in
our study, and no efforts were made to enumerate these
bacteria, the presence of Clostridium spp. in only one
control pack of vienna sausages (Table 3.1.8) indicated low
contamination.

Even though clostridia were shown to contaminate processed
meats . varying levels, these products have an exemplary
safety  scord with respect to betulism (Sofos gt al., 1979;
Sofos and Busta, 1980; Hauschild, 1282). Furthermore, C.
perfringens has to date not been implicated in <food
poizoning outbreaks from vacuam-packaged cured meats
(Steele and stiles, 1981). This is probably due to the use
of a combination of extrinsic and intrinsic contrel
parameters (hurdles) in these types of products. Storage
temperature, for example, was reported as a major factor
contributing %o the safety of processed meat products with
respect to cleostridial food poisoning (Riemann et al.,
1972; Sofos and Busta, 1980; Hauschild, 1982; Nielsen and
Zeuthen, 1984a). Reported miniwmem growth temperatures of
GC. perfringens, proteolytic and nonproteciytic (.
botulinum are shown in Table 3.1.1. These temperatures
indicate that growth of proteclytic strains of C. hotulinum
types A and B and ¢. perfringepns s wd not ocecur in
adeguately (ga. 5°C) refrigerated processed me.t products.
These products do, however, pose a potential risk to the
consumer, since non-proteolytic types of C. botulinum can
grow at refrigeration temperatures (Table 23.1.1). In
addition, clostridia are known to survive long periods at
io%% wemperature and multiply conce suitable conditions are
established, for example during times of product
temgerature abuse (Christiansen, 1980; Sofcs and Busta,
1980; Sperber, 1982; Nielsen and Zeuthen, 19B4a).
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Growth limiting salt concentration, a, and pH values of
C. botulinum and ¢C. perfringens are shown in Table 3.1.1.

Salt concentration, pH and 8y, values reported by Buchanan

(1986) for typical processed meats, would fall within the
range that permit growth of these pathogens. 2as most cured
meat products do not have sufficiently high levels of acid
and or salt to completely inhibit the outgrowth of L.
botulinum or €. perfringens spores, the addition of nitrite
to meats has become an accepted practice (Cuppett et al.,
1987). Nitrite is a well-known antibotulinal agent with
increasing activity at increasing residual concentration in
cured meats (Sofos gt al., 1979; Scofos and Busta, 1980).
To guarantee compiete prevention of .clostridial growth,
Grever (1974) recommended that 100-200 micrograms nitrite
per gram product should be added, depending on the heat
treaitment of the product, and the pE should be lower than
6,2, Nitrite effectiveness, however, was also positively
synergistic when used in combination with salt or low pH.
For eaxample, Roberts and Ingram (1966), reported that the
antibotulinal activity of nitrite increased ga. tenfold
when the pH was reduced from 7,0 to 6,0. Thus, lower
concentrations of nitrite had an - inhibitory effect on
clostridial growth in cured meats with increasing salt
concentration and decreasing pH (Castellani and Niven,
1955; Sofos and Busta, 1980; Hauschild, 1982; ILabbe,
1989). Furthermore, inhibitory activity of nitrite against
clostridia in cured meats is reportedly enhanced when used
in combination with other preservatives, such as nisin
(Taylor et al., 1985), sorbate (Sofog et al., 1979) and
ascorbic acid (Sofos and Busta, 1980).

Vienna sausages in our <tudy had a pH of ga. 6,2, contained
2,2% sodium chloride, 150-200ppm ascorbic acid and <100ppm
of residual nitrite (M.A. Jenkin, pers. comm.)*. The low
incidence of gClostridium spp. in non-pasteurized packs of
VPVS observed in this study (Table 3.1.8}), may indicate

M.A, Jenkin, Enterprise Foods, P.C. Box 570, 1400
Germiston; South Africa.
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that the combination and interaction of factors such as pH,
refrigeration, nitrite and possibly ascorbic acid was
indeed successful in inhibiting growth of these bacteria,
as has been observed in other studies (Riemann gt zl.,
1972; Sofos 2t al., 1979:; Sofos and Busta, 1980; Sperber,
1982)Y. One Clostridium butyricum isolate was detected
during the last week of storage of non-pasteurized VPVS
(Table 3.1.8), but +this isolate was non-pathogenic.
Although nitrite concentrations have been reported to
decrease to sub-inhibitory levels during storage, growth of
clostridia in processed meat products was still inhibited
by product pH decreases resulting £from the growth of
concomitant spoilage LAB (Christiansen et al., 19755
Christiansen, 1980). Nitrite concentrations in VPVS could
already have been depletad after 18 weeks of storage in our
study, but the pH of control samples which at that time was
ca. 4,4 to 4,6 (Figure 3.1.9a) was likely to have been
inhibitory tc the clostridia (Table 3.1.1). Furthermore,
non-pasteurized VPV8 were at that time spoiled (Fig.
3.1.16) and 1likely to be rejected by the consumer and/or
removed from retail display. Non~pasteurized VPVS, like
other processed meats, should therefore e safe from
clostridial foodborne illness since growth of these
bacteria would be inhibited not only by nitrite and
refrigeration temperatures u=ed for product storage, but
also by competitive lactic acid bacteria populations.

For vacuunm~packaged, cooked enmulsion~style  sausage,
however, it has bheen suggested that growth of pathogenic
clostridia may occur when levels of competing spoilage
populations are .low (Nielsen and Zeuthen, 1985). The
in-package heat treatment used in our study was
demonstrated to lower initial numbers of competitive LAB
spoilage populations o =<iog 1,0 CFUg"l, depending on the
severity of the treatment (Table 3.,1.6). In addition,
Clostridium spores survive heat  treatments normally
employed for the processing of cooked mneat products
(Nielsen and Zeuthen, 21984a,b; Buchanan, 1986; Kokubo et
al., 1986). These findings implied that a potential for
growth of these pathogens existed, which was reflected DLy
our results indicating a higher incidence (41,7% to 75,0%)
of Clogtridium in pasteurized samples, when compared to
non-pasteurized samples (8,3%) (Table 3.1.8).
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Furthermore, this incidence increagsed with increasing
severity o©of heat treatment, from 41,7% in PASTL1 treated
packs +to 58,3% and 75,0% in PAST2 and 3 treated packs,
respectively (Table 3.1.8). The role of competitive LaB
populations in the inhibitiorn of ¢lostridia has been
attributed to their ability to produce lactic acid which
results in pH decreases (Riemann et gl., 1972: Christiansen
et al., 1975; wvon Holy et al., 199la), as well as
production of bacteriocins (Spelhaug and Harlander, 1989;
Okereke and Montville, 19%1). Statistical analysis of
numbers (TAPC and LABC) of spoilage bacteria in VPVS over
the storage time (3.1.3.2.2) showed +that there was a
gsignificant difference in the growth of spoilage LAB as a
result of different pasteurization treatments. Growth of
spoilage LAB decreased with increasing severity of heat
treatment (3.1.3.2.2), and this appeared to result in the
increasing incidences of clostridia (Table 3.1.8). This
implied that spoilage LAB indeed played an important role
in inhibiting the growth of ¢lostridia in VPVS. Although
pasteurization was effective in delaYing spoilage of VPVS
by 1La8 and eliminating Listeria, the heat treatnent

employed with the resuitant reduction in spoilage LAB, was

also responsible for  increasing the incidence - of
potentially pathogenic clostridia.

of the 25 Clogtridium isolates from VPVS nine (36%) were
identified as C. bifermentsns, six (24%) as C. perfrindgens,
two (8%) each as C. subterminale, €. butyricum and Q.
Jeptum and one (4%) each as C. sgporogenes, C.
litus—eburense, €. sphenojdes and C. 1) Figum. our
results thus corresponded well +o those of Kobayashi aud
Asami (1976, 1977) and Kokubo et al. {1986), indicating
that among +he clostridia €from cooked meat products C.

bifermentans was isolated with the highest freguency,
followed by €. perfringenps. Furthermore the above two

species were acknowledged as predominant in processed meat
raw materialg (Baltzer and Wilson, 1965; Kokubo et zl.,
1986), suggesting that the clostridia in this study
originated from similar sources.

Of the six C. perfringens isolates five were type A and one
was undetermined, but produced alpha toxin. Interestingly,
€. perfringens type A strains were only isolated from
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pasteurized products (Table 3.1.8). Increasing incidences
of clostridia in pasteurized products and presence of
pathogenic C. perfringens type A in ‘these products,
therefore, suggested that pasteurized VPVS might be unsafe
for consumer use. Further work on numbers :.:d identities
of these c¢lostridia in ypasteurized VPVS samples would,
however, be required to verify preoduct safety.

3.1.4 CONCLUSIONS

Microbiological analysis of non-pasteurized VPVSE showed
that rapid growth of LAB to high numbers limited the shelf
life to =seven days at 8°C. Since LAB constituted the
majnrity of the TAPC, these bacteria were recognized as the
predominant spoilage populations of non-pasteurized VPVS.
Entervbacteriaceme and yeasts, howaver, failed to establish
thenselves in +the spoilage ecology, mest probably as a
result of inhibition by LaB.

Pasteurization effectively lowered initial levels of
contaminating LAB in vacuum-packaged vienna sausages to ca.
£log 1,0 CFUg“l Furthermore, pasteurization successfully
decreased growth of LAB significantly and corresponding to
increasing severity of heat treatment. The above findings,
therefore, were in contradiction to those of Kempton and
Bobier (1970) indicating no relationship between initiail
numbers and subsequent growth of ILAB in processed meat
products. By decreasing initial numbers and growth of
spoilage  bacteria, in-package pasteurization of VPVS
successfully achieved shelf 1life extensions of 10, i4 and
17 fold (based on +the ILABC) compared to non-pasteurized
VPVS.

A report by Reuter (196%9), that LAB beccme the predominant
spoilage populations of vacvum—-packaged processed meat
products regardless of initial contamination levels held
true for PAST1 and PAST2 pasteurization treatments in this
study. For the most severe heat treatment (PAST3),
however, statistical analysis on the difference of TAPC and
LABC over the storage period suggested that other bacteria
{e.g., Bacillus or clogtridium) reduced the predominance of
LAB in VPVS. The impact of these bacteria on the spoilage
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and safety of VPVS clearly requires further study.

Incidences of both Listeris and cilostridium in
non-pasteurized VPVS were low at 8,3% of samples analyzed,
in each case. Low incidences of Ligteria and clostridia in
non-pasteurized sausages led us to concliude that growth of
these bacteria was probably inhibited by a combination of
control factors such as the relatively low storage
temperature used (8°C), presence of nitrite and salt and
competitive LAB populations. Isclation of one L. innocua
gtrain durirg the first week of product storage, howuver,
suggested that a potential for contamination by pathogenic
Listerisa existed after smoke-cocking of product. This
emphasize t8e aecessity for hygiene and good manufacturing
processes dauring the production of VPVS, to keep product
contamination by these bacteria to a minimum,

The observed inability of Listeria to grow in pasteurized
VPVs indicated that these bacteria wzre unable to survive
in-package pasteurization processes used in this study.
Pasteurization of VPVS may therefors contribute to the

safety of VPVS with respect to Listeria transmission, in
addition to improving product shelf life. Incidences of
Clostridiun spp., Lowever, increased to £2%, 58% and 75% in

PASTL, 2 and 3 pasteurized samples, respectively. This,
together with the fact that potential entercotoxin producing
C. perfringens type A were isolated from samples of all
pasteurization  treatments, suggested that clostridia
survived ‘the pasteurizs iov process and could iender
products unsafe  for consumér .se. It is not known whether
clostridia in pasteurized products were present as
vegetative «ells or spores. Suklethal heat treatment,
however, is known to be an effective germination activator
(Stumbo, 1965). Since bacterial spores can survive heating
for minutes at 120°C and hours at 100°C (Silliker et al.,
1980), eclnstridial spores, 1if present in szausages studied
here, could net only have survived but also been activated
to germinate at the pasteurization temperatures used.

Further studies on control parameters for inhibition of
growtli of c¢lostridia would therefore be necessary in order
to assure the safety of pasteurized VPVS. In-~package heat
treatment, for example, may be used twice to control the
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growth of these bacteria. The first pasteurization thus
wonld serve +to activate bacterial spore germination, and
after a suitable incubation period during which out ! .wth
of vegetative cells would occur, product cou.. be
re-pasteurized. In addition, investigations on the effects
of preservatives such as nitrite, salt and sodium lactate
might be of value to determine their efficacy of inhibiting
growth of clostridia in pasteurized VPVS., Since residual
nitrite concentrations in processed meats are well known to
be affected by product heating as well as storage periods
(Sofos gt al., 1979), the use of sodium lactate might be of
special interest for inhibiticn of clostridia in processed
meats that have een subjected to in-package
pasteurization. Scdium lactate was previously shown to be
suceessful in inhibiting growth and toxin production of C.
botulipum during storage of cook-in<bag turkey proeducts
under condi..ons oOf temperature abuse (Maas et al., 1989).

Consumer demands for decreased levels of salt, nitrite and

-other chemical preservatives, however, severely limit the
- prospects for control of clostridia in in-package’

pasteurized wacuum-packaged processed meat products by such

“2thods. Thus, future work on controlling the spoilage of
these products should focus on less severe pasteurization

regimes i.e. lower heat processing values. Thiz could lead
to faster growth of spoilage LAB inhibitory to potential
pathogens (e.g., clostridia) than observed in this study,
while still allowing for shelf life increases.
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Fig. 3.1.1 = Vacuum—-packaged vienna sausages packed in
single layers te a mass of 400g.

Fig. 3.1.2 Water cooker used to pasteurize
vacuum-packaged vienna sausages in meat
processing plant.
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Fig. 3.1.3 Sausauge core temperature determination using
' ' a denway 3100 microprocessor thermocouple.

Fig.'3.1.4 Draininhg water cooker to remove packs of
sausages after in-package pasteurization.



Fig. 3.1.5

Fig. 3.1.6

11l

Cooling of vienna sausage packs in melting
‘ice after in-package pasteurization.

Storage of non-pasteurized and pasteurized
Sausage packs in a low temperature incubator
at 8°C for shelf life studies.
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Fig. 3.1.7 Milky exudate drained from terminally spbiled_'
vacuun-packaged vienna sausage pack.
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Fig. 3.1.8 Terminally spoiled vienna  sausage pack
showing severe gas development or "blowing".
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Lactic acid bacteria (LABC), Enterobactariaceae '
(EC), yeast and mold (¥C) counts (log cruml ™)
and pH of non~pasteurized vacuum-packaged vienna
sausages over 128 days storage at 8°C.
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Enterobacteriaceae (EC) and yeast (YC) counts (log &
cruml™l) of pasteurized (PASTI-3, sSee Table
3.1.2) vacuum~packaged vienna sausages over 128
days storage at 8°C.
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Fig. 3.1.11
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Appearance of non-pasteurized (CONTROL) - and
pasteurized (PAST1~3) vacuimm-packaged vienna
sausages after & days storaga at 8°C.
Microbiological shelf 1ife of CONTROL sausages was
reached (Table 3.1.7)

Appearance of non-pasteurized ( CONTROL} and
pasteurized (PAST1-3) vacuum~-packaged vienna
sausages after 14 days storage at - 8°C.
Microbiological shelf life of pasteurized sausages
was not yet reached {Table 3.1.7}).
Microbiological c¢ounts in CONTROL packs reached
ca. log 8,0 CFug“l,
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Fig. 3.1.13

Fig. 3.1.14

Appearance of Ton~pasteurized { CONTROL) and
pasteurized (PAST1~3) vacuun~packaged vienna
sausages after 63 days storage at 8°cC.
Microbiological shelf 1life of PAST1 ganples was
almost reached (Table 3.1.7).

Appearance of non-pasteurized { CONTROL ) and
pasteurized {PAST1=3) vacuum~-packaged wvienna
sausages after 114 days storage at 8°C.
Microbiological shelf 1life of PAST1 »nd PAST2
samples was surpassed (Table 3.1.7).,
Microbiological counts in PAST1 packs reached ga,
log 8,0 CFug™l,
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Fig. 3.1.15

Fig. 3.1.16
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Appearance of non=pasteurized {CONTROL) and
pasteurized (PASTL~3) vacuum~packaged vienna
sausages after 121 days @&storage at 8°C.
Microbiolagical shelf 1life for all pasteurization
treatments was surpassed. Microbiological counts
in PAST1,2&3 packs reached ga. log 8,0 CFUg™l.

Appearance of non-pasteurized (CONTROL) and
pasteurized (PAST1~3) vacuum-packaged vienna
sausagee after 128 days storage at 8°C. Sanmples
of all pasteurization treatments showed spoilage
eymptons,
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fable 3.1.1 Growth liniting 2., pE and winimm temperatore and salt

concentration valies for proteolytic and non-groteolytic

Clostridiug (C.) botulimm and ¢. perfringens”,
Growth 1initing Pmteolytlc Nonproteolytic ' o
factors ¢ botuiing €. botulimm C. perfrinoens
3y 0,94 0,97 0,95-0,97
NaCl (%) 10 5 7-¢
i 4,6 5,0 5,0
Temperators (°C) 10 3,5 15

Tyes A & B Types B, E& F

 Mapted from Riewam ef al.(1972), Swrier (1962), Hauschlld, (1989) and
Labbe {1909).
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fable 3.1.2 Fg-value paraseters and determinations? for threa in-package pasteurization processes at 60°C
{ AS'I%) and 63°C (PAST2 and 3) applied to single layered 4009 vacum-packaged viemna sausage (VPVS) =

Fy-value pavameters Pasteurization treatments

& dsteraination PASTL. pism PISR3 ~
Sausage layers
perpack 1 o R -
Hass of 100 0 20 ’
3 VS pack {g)
Iitial . (CFgY -
lactic acid bacteria par
pack® 10 16° 16°
Tactic acid hacteria | 1 CFU in one of
mmbers per pack after o
pasteurization J000CFII0 10 ¢ _ : thousand packs
Fy-value caleulation | 42586® {1og 10° crugL ¢ 12sec® (1og 10% crg? 2

! 4005 - log 10 CIU) - 1009 - log 10 cFu)
y-valie 3 s
{pinntes) 1 _ _
Sausage core tewperature 60 63 ' 63“
{°C}

& ppter Huoller (1089,

D o pig. 3.1.1 far 400g VIS gacks.

€ peternined froa replicate plate comnts on MRS Agar (BIOLB).

8 Yot deternined.

®  Gpper Lindt of in vitvo Dy, 95% confidence interval for xeat spollage Lactobacillus sake Ssolate {ch. 2.2).
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fable 3.1.3  Mean sausage core and vater cocker temparatures during three 5
in-package pasteurization freatuents {PAST1, 2 and 3) :
of single layered, 4004 packages of vacum-packaged :

vienna sausages.

Pasteurisation temperature {°C)

Tine L

(winutes) PASTY PAST2 BASTY fg]:

Water | Sausage | Water | Sausage | - Water | Sausage

ooreh coreh coreh ; _'

0 6,7 | 11,0 6,5 | 124 é8 | 1 ;

2 6,9 | 35,5 66,8 | 34,8 66,0 | 393 -
4 66,9 | 49,4 67,0 | 48,1 6,5 | 51,3
6 68,3 | 556 69 | 559 61,7 | 57,2
8 6,7 | 60,7 67,0 | 89,9 | 61,8 | 80,9
10 w° ) 66,7 | 62,0 67,5 | 62,8
12 W[ W 66,7 | 63,6 a4 | 60
1 m | ® 66,5 | 63,9 6,2 | 6,0
16 m | ® D | D 613 | 64,2

mated | e13 | - &0 | - 6,4 | -
Mo | - 1,5un| - wun | - 18,5 win ‘
ice® 1

& por pasteurization paramcters see Table 3.1.2.

Yean core temperature of two individual sausages in the middle
of an individual pack.
€ mot deternined.

4 yean water bath temperature (°C}.
©  vime (minutes) elapsed until last sausage pack was put on ice.
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Table 3.1.4  Incubation conditions and calture wedia for microbiological comts of
_ in-package pasteurized and non-pasteurized vacuum-packaged viemna sausages.

Kicrobiologicai - Incubation | Grouth
count Piae Teaperature Ltmsphe:e redim
(hows) | (°C)
Total aerobic plate 72 1% ' herchbic Standard One Nutrient
count (TARC) Agar (BIOLAB}
‘Lactic acid 72 [ 25 Aerobic KRS Agar (BICLAB) +
bacteria coumt : : 0,1% (w/w} cysteine

(LABC) I sonchydrochloride (HERCK)
- ) + 0,2% (w/v) potassim
surbate {ONILAB) B 5,7

Ruterobacteriaceae 18-2¢ 30 Aerobic Violet Red Bile
cowit {EC) ' Glucose Agar (OXOID)
Yeast count % 2  herobic " Potato Dextrose Agar

{1C) ' {OXOID) pE 3,7
_- {10% tartaric acid}

i,
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Yable 3.1.5 Culture wedia, incubation conditions and characterization tests used for the
enrichment, selactive isclation, purification and identification of
Listeria and Clostridiws from vacuuz-packeged vienna sausages.
Becterim istarta Clogtridlm
Srichment Listeria Barichuent Broth (OXOID) | Cooked Heat Broth
30, aerchic, 48 hours 37°C, angerobic, 48 hours
Selective oxford Formulation _ TSC Perfringens igar {0X01D) +
isolation Idgteria Selective Agar (0X0ID)} eq9 yolk fres 75C Agar overlay
30°C, aerchic, 42 hours  37°C, @naerobic, 24 hours
Presumptive Colany morphology Suiphite veduction, lecithinase
identification | (QXCID Mamual, 1590) production in basal agar
esoulin hydrolysis Proteolytic isolates: gas and
proteolysis of sausage sawple
Purification Oxford Formulation First on 75C Agar then
Listeria Selective Agar Reinforced Clostridial Agar
30°C, aerobic, 24 hows (RCA} (OXOID}
37°C, anaerobic, 24 hours
Tdentification | Grem stain, mrphoiogy, notility, Mmﬁing to methods of Holdeman
tests : catalase, esculin hydrolys@s, eh al. {1977) omitting testing

nitrate reduction, growth in
§0% esculin_hile and at 4°C,
Voges-Proskauar, Hemolysis of

sheep red blood cells, CAMP-est .

with §. aireus, carbohydrate
fermentat!: 231 qlucose, lactose
paltose, sucrose, ylose,
rhamnose, samitol

for motility, growth on bile
aguz, digestion of meat and
utilization of awygdalin,
arabinose, cellohiose, erythritel
glycogen, inesitol, melesitose,
raffinose and rhamnose
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Table3..6  Initial microbial mumbers of on-pasteurized (CONFROL) and
in-package pasteurized (PASTI ~ 3} vacuum-packaged vienna
gausages.

¥icrobiolegical count {Ioy C?Ug'l)
Treatuent —-

' 1ac? TAPC K§ I
CONEROE 3,04 3,46 2,49 0,%
pasmP 0,70 0,35 0% 48,35
PAST2 0,38 1,24 <0,35 0,35
PASTS 0,59 . 0,70 0,35 - <0,3%

@ por abhreviations see Table 3.1.4.

P o pasteurization parsweters see Table 3.1.2.
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able 3.1.7 Hierobiological shel? life (MSL) comparisons of nom-pastewrized (CONTROL) and im-packsge
pastexrized (PASTI - 3} vacwus-packaged vienna sausages. -

| l_ﬁérobiolo;jica_l Treatoent | "Wean® A" | "fean' WSL fncremse | Worst case'® | “Warst case® KSL
oot +ype 1gays} (fold) KSL (days) increase (fold)

COMROL T3 - 6 -

L#8C mn! @ w o I R

FAST2 % u | 4 15

PASTY 119 n 113 |

| CORTROL 7 - 6 -

nre | masm 67 1y B [ 8

pasy 100 u 9 1%

PASTS 119 7 113 1

& For abbreviations see Toble 3.1.4.

D 9ime taken for bacterial comts {1AC and TARC) to reach 5100 crug'l.
" ®  Value derived fron duplicate sample showing tbe higher bacterial comt.
¢ por pastewrization paramsters see Tehle 3.1.2,

RTTIE e ML Rt 0 e remmeme em e e e e e o
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wable 3.1.4  Incidence® of Ljsteris amd jup in non=pastewrized (CONTROL) and
in-package pasteurized (PASTL - 3)" vacwum-packaged vienna sausages during
storage at 8°C for 14 weeks.
Ine ; .
CORTEOL | PASTL | PAST2 { PASYS | CONTWOL | PASTD { PASTZ | DASES
ek 1 12 1P D ) D {2 |z | o
Week 2 D 1D » | m | m R ;
Week 3 ) ) ) | W 22 |12 | wp y
Week 5 ) » |m |{®D | ® m | wep |
"k 7 m w b D |® m | ® | :
Week 18 ) ) ) w (12 jup | D 12
Motalw. | 12 2 |r [ |n n (2 |B $
of packs _ g
mtalt | &% |~ |- |- | &% | amn s se A
positive packs | .
3 Musber of positives fron duplicate packs of VVS, etpressed as percentage of packs analyzed
per treatpent. :
B por pasteurization paremeters see Table 3.1.2.

C  Not detected.

*  Indicates presence of C. peyfringens type A {isolate from PAST2 treated sausages from the i8th
week of storage was not typable).
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3.2 CHARACTERIZATION OF BACTERIAL POPULATIONS
ASSOCIATED WITH PASTEURIZED AND NON-PASTEURIZED
VACUUM-PACKAGED VIENNA SAUSAGES

ABSTRACT

Predominant bacterial populations associated with
vacuum-packaged vienna sausages exposed to three different
in-package pasteurization treatments of increasing severity
(PAST1 2 and 3, respectively) and non-pasteurized controls
were isol..ced dJuring product storage at 8°C. The majority
(> 52%) c¢f isclates from pasteurized and non-pasteurized
sausages were lactic acid bacteria, whilie the remainder
were. non-lactic acid Lbacteria and incliuded Bacillus
strains, Gram—-positive, catalase positive «cocci and
Enterobacteriaceae. Non-lactic acid Dbacteria and
pediococcl were isolated in higher proportions from
Standard One  Nutrient Agar, while lactobacilli and
leuconostocs were isclated in higher proportions from
Modified MRS Agar plates. The type of medium from which
isclates were recovered therefore affected the proportions
of lactic and non-lactic acid bacteria in ecological
studies. In-package pasteurization of sausages reduced
proportions of LAB from 84,4% in‘non—pasteurized samples to
74,6%, 66,4% and 52,9% in PAST1, 2 and 3 treated samples,
respectively. In non-pasteurized sausages leuconostocs and
homofermentative lactobacilli jointly comprised the highest
proportion (83,3%) of LAB isclates, while pediococci were
isvlated at a lower frequency of 16,7%. A= a result of all
pasteurization treatments proportions of leuconostocs and
homofermentative lactobacilli decreased to gcga. 40% of
isolates, while proportions of pediococci increased to 50%
or more. Although pasteurization led to diversification of
the lactic spoilage populations, it did not prevent product
spoilage by eliminating +these bacteria. Since severe
heating increased predominance of potentially pathogenic
Bagillus spp. to 32,4% of total bacterial isolates,
pasteurization of vacuum-packaged wvienna sausages might
compromise product safety.

}
1
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3.2.1 INTRODUCTION

Despite 'storage ~of vacuum~packaged processed meats at
refrigeration temperatures, these products are still prone
te microbiological spoilage. Spoilage of such products was
linked to the rapid growth of lactic acid bacteria (LAB)
(Allen and Foster, 1960; Kempton and Bobier, 1870; Mol et
al., 1971; Pruin et al., 1978; Paradis and Stiles, 1978;
Egan et gal., 1980; Mukherji and Qvist, 1981; Egan, 1983;
Nielsen, 1983; Korkeala et gl., 1987; Borch et al., 1988).
Lactic acid bacteria are ideally sunited for growth in
vacuum~packaged, refrigerated processed meats sihve they
are both psychrotrophic andl able to tolerate the
microaerophilic conditions prevailing within vacuum-packs
(Enfors and #olin, 1980; Reuter, 1981; Buchanan, 1986;
Holzapfel . - Gerber, 1986). Furthermore, LAB are tolerant
to the concent.ations of salt and nitrite commonly added to
processed mneats (Egan, 1983; Dodds and Collins-Thompson,
1984).

Other bacterial groups such as Enterobacteriaceae or yeasts
are unable to dominate the spoilage ecology of
vacuun~-packaged processed meats (Fruin, et al., 1978;
Paradis and 8tiles, 1978; Nielsen, 1983; Schneider et al.,
1983:; Zurera~Cosano gt al., 1988; von Boly et al., 199la).
Enterobacteriaceas are inhibited by microbially produced
lactic acid and the consegquent pH decreases which occur
during the growth of LAB in these food products (Davidson
and Webb, 1973; Shay et 2l., 1978; Grau, 1981; Gill and
Newton, 1982; Nielsen and Zeuthen, 1985). B8Since yeasts can
tolerate lactic acid and pH’s of ca. 5,0 (Buchanan, 1986;
Beuchat and Golden, 1989}, their inability to dominate in
the speoilage ecology of wvacuum-packaged processed meats
results from other factors such as slower growth rates and
inefficient substrate utilization (von Holy et al., 199l1a).

although pathogenic bacteria such as clostridia,
salmonellae, Yersinla enterocolitica, Listeria
monocytogenes and Staphylococcus gureus have been reported

in vacuum-packaged processed meat products, their growth
could be successfully inhibited by competitive LAB
populations, incorporation of nitrite and storage at

3




128

refrigeration temperatures (Weissman and Carpenter, 1969;
Riemann et al., 1972; Duitschaever, 1978; Fruin gt al.,
1978; Paradis and Stiles, 19278; Christiansen, 1980;
Shahamat et al., 1980; Sofos and Busta, 1980; Tiwari and
Kadis, 1981; Nielsen, 1983; Nielsen and Zeuthen, 1984a,b;
Nielsen and’ Zeuthen, 1985; ¥okubo et al., 1986; Rorvik and

Yndestad, 1991). Furthermore, LAB prodece antimicrobial
compounds termed bacteriocins, which inhibit the growth of
pathogens such as Listeria monocytogenes, Staphylococcus

aureys and clostridia (Klaenhammer, 19288; Harris et al.,
1889; Schillinger and Liicke, 1989; Spelhaug and Harlander,
1289; Schillinger and Holzapfel, 1990; Berry et al., 1991;
Hastings and Stiles, 1991; Okereke and Montville, 1991;
Schillinger et al., 1991; Degnan gt al., 1992).
Bacteriovinicity «f LAl may, therefore, further explain why
pathogenic bacteria fa.l to establish themselves in the
spoilage ecology 0. processed meat products.

Numerous studies on the identities of bacteria involved in
spoilage of a variety of vacuum~packaged processed meat
products have shown that the lactobacilli and leuconostocs
predominate in. the spoilage association to warying degrees
(Allen and Poster, 1960; Reuter, 1962; Laleye et al., 1984;
Holzapfel and Gerber, 1986; Morishita and Shiromizu, 1986;
Schillinger and Licke, 1987; Borch and Molin, 1982). These
bacteria, however, were asgociateéd with closely related LAB
such as pediococci, enterococci, streptococci and
carnobacteria (Cavett, 1963; Reuter, 1981; Schillinger and
ILilcke, 1987; Borch and Molin, 1988). '

Spoilage of South African vacuum=packaged vienna sausages
(VPVS) was also attributed to the growth of LAB to high
numbere during refrigerated storage (von Holy et al.,
1991b; von Holy and Cloete, 1992). Since populations of
LAB in spoiled VPVE &samples were dominated by
homofermentative lactobacilli &and  leuconostoce, which
collectively comprised 94% of total LAB isolates, it was
proposed +that control measures %to reduce VPVS spoilage
should be aimed specifically at inactivating these bacteria
(von Holy et al., 1991b; von Holy et al., 19292).
In~package pasteurization of VPVS was suggested as a
control measure, since the packaging material would prevent
product recontamination and spoilage, therefore, could only

T T
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be caused by microorganisms surviving the pasteurization
process {von Holy et al.., l991a}. * In-package
pasteurization of VPVS previocusly delayed product spoilage
and increased the shelf life c¢a. fourfeld {(Marshell, 1991;
ven Holy et al., 1991a).

Even though pasteurization of VPVS successfully increased
product shelf 1life, IAB still predominated among spoilage
peopulations from pasteurized products {Marshall, 192i; von
Holy et &l., 19%1a). Proportions of howmofe. nentative
lactobacillii and leuconostocs ceollectively decreased by
12,5% (von Holy and Holzapfel, 1991i) or 30,8% (Marshall,

1991) following produckt pasteurization, but these bacteria

still predominated and collectively comprised 71,5% (von
Holy and Holzapfel, 1921) or 66,6% (Marshall, 1991) of 1AB
spoilage populations of pasteurized sausages stored at 7°C
and 8°C, respectively. Pasteurization of VPVS, however,
also led to a diversification in spoilage LAB populations
{Marshall, 1991; von Holy and Holzapfel, 1891).
Proportions of heterofermentative lactobacilli,
enterococci, streptococci and pediococci increased in
pasteurized products by ca. 3 to 5% (von Holy and
Holzapfel, 1991). Marshall (1991), however, found
prroportions of only the pediococci to increase by 32,4% in
pasteurized VPVS.

Entercbacteriaceae and yeasts were unable to establish
themselves in the spoilage ecology of both non-pasteurized
and pasteurized VPVS (Marshall, 1991; wvon Holy et al.,
199l1a). Whiie Bacillus strains were also unable to
establish themselves as predominant spoilage populations in
either pasteurized or non-pasteurized VPVS, these bacteria
could be isolated &t higher freguencies from pasteurized

products {(von Holy, 1989). Marshall {1991) showed that

proportions of Bacillus strains isolated from VPVS before
reaching the microbiological shelf 1life (5x10° crug™ly,
increased from 43% in non-pasteurized to 69% of bacterial
isolates in pasteurized products. No Bacillus strains
could, however, be isolated from either pasteurized or
non-pasteurized products after reaching the microbiological
shelf 1l1ife, and it was concluded that these bacteria did
not predominate in spoiled products (Marshall, 1991).

1y ipmr
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In this study, sausages were packed in single layers and
higher sausage core temperatures were achieved when
compared to those of Marshall (1991) and von Holy et al.
(1991a) (ch. 3.1). This study, therefore, aimed to assess
the role of IAB in predominant spoilage populations of
‘pasteurized VPVS stored at 8°C and gquantify inactivation of
homofermentative lactobacilli and leuconostocs.

3.2.2 MATERIALS AND METHODS

3.2.2.1 Isolation of predominant bacterial populations
from vacuum~packaged vienna sausages

Colonies o©of predominant bacteria were isolated fron
Modified MRS Agar (MRS Agar (BIOLAB) + 0,1% w/w cysteine
monohydrochloride (MERCK) + 0,2% w/v potassium sorbate
(UNILAB)} and Standard One Nutrient Agar plates (STD1).
Modified MRS and STD1 Agar plates were used for lactic acid
bacteria counts (LABC) and +total aercbic plate counts
(TAPC)}, respectively, of VPVS that were non-pasteurized or
pasteurized by three increasingly severe treatments (PASTI1,
2 snd 3; see ch, 3.1) and stored for 128 days at 8°C (ch.
- 3.1). Colonies were isolated from duplicate Modified MRS
and STD1T plates used to determine LABC and TAPC of VPVS.
For each VPVS K sample, one colony was randomly picked from
each of duplicate MRS and STD1 Agar plates of the hichest
dilution showing growth (von Holy, 1989; wvon Holy and
Holzapfel, 1991). Colonies were purified on the mediunm
from which they were isolated.

3.2.2.2 Characterization of predominant bacteria
associsted with ©pasteurized and non-pasteurized
vacuum-packaged vienna sausages

\
"
E
.

The 467 predominant bacterial isolates (237 from Modified
MRS Agar plates and 230 from STD1 Agar plates) were divided
into Gram~poeitive and Gram—negative. Gram—-negative
bacteria were not identified further. Gram-positive
isolates were further divided into lactic acid bacteria
(LAB) and non-lactic acid bacteria {(non-LAB} on the basis
of catalase production. All aercbic, Gram-positive,

i
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catalase positive bacteria exhibiting rod shaped
morphologies were assigned +to the genus Bggillus (Fischer
et al., 1986). Gram-positive, catalase positive cocci and
Bacillus spp. were not identified further.

To assess the effect of pasteurization on relative
proportions of lactic and non-lactic acid Dbacteria,
populations from mnon-pasteurized (cotrol) sausages were
compared te those of PAST1, 2 and 3 treated sausages.

In order to determine changes in predominance of
Enterobacteriaceae, Bacillus and Gram-positive, catalase
positive cocci, proportions of these bacteria recovered
dguring the first half of the storage interval (0 to 64
days) were compared to those obtained over the second half
(65 to 128 days) of VPVS storage at 8°C, These intervals
were chosen since PASTL, 2 and 3 sausages did not exceed
microbiological shelf 1life (5 X 10° CFUg'l, see ch.
3.1)  during the first half of tke storage interval.
Bacterial populations isolated from this interval were thus
not considered to comprise climax spoilage populations.
Sausages of all pasteurization treatments, however, reached
microbiological shelf 1life during the second half of the
128 days storage interval (see c¢h. 3.1), and corresponding
populations were thus regarded as climax spoilage
populations. )

Te determine the effect of culture medium on isolation of
relative proportion of non-LAB, populations from Modified
MRS Agar plates were compared tc those £from S5TD1 Agar
plates.

3.2.2.3 Characterization of predominant lactic acid
bacteria associated with pasteurized and non-pasteurized
vacuum-packaged vienna sausages

Lactic acid bacteria were subdivided inteo six biogroups
viz. heterofermentative lactobacilli (group 1),
leuconostocs (group IT), homofermentative lactobacillii
{group IXI), Pediogoccus (group IVa),
Streptococcus/Fnterococcus (group IVE),  Carpnobacterium
(group V) and thermobacteria {group Vi) on the basis of six
key characteristics i.e. morphology by phase contrast

RS
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nicroscopy, growth at 15 and 45°C, gas production from
glucose, hydrolysis of arginine and lactic acid enantiomers
produced (Schillinger and Liicke, 1987; von Holy et al.,
1991ib; Fig. 3.2.1). Bacterial morphologies prompted
division of isclates into biogroups. To illustrate
different 1lactic acid bacteria morphologies, cultures were
prepared for 'phase contrast microscopy and photographed as
described in c¢h. 2.2. Isolates showed +typical LaAB
morphologies ranging from cocci over coccobacilli to short
and long vrods (Sharpe, 1979; Dykes, 1991; Figs. 3.2.2 a to
f & 3.2.3 g to j) and divided in one plane only, with the
exception of pediococel which characteristically divided i .
two planes (Figs. 3.2.2 a,b) (Sharpe, 1979). : =

In order +to asses the effect of pasteurization on relative
proportions of TAB biogroups, LAE populations £rom
non-pasteurized (control) sausages were compared to those
of pasteurized sausages.

To determine changes in predominance of LAB biogroups from
pasteurized -sausages with storage time, proportions of LAB
groups obtained over the first half of the storage interval
(0 to 64 days) were conpared to those cbtained over the
second half (65 to 128 days) of the period of storage of
pasteurized VPVS at 8°C. These intervals were chosen for
reasons mentioned previously (3.2.2.2). To determine the
effect of the culture medium on composition of predominant
LAB populations, LAB biogroup proportions from Modified MRS
Agar plates were compared to those from STD1 Agar plates.

3.2.3 RESULTS AND DISCUSSION

3.2,3.1 Effect of pasteurization on ' predominance of
lactic acid bacteria in vacuum-packaged vienna sausages

Proportions of predcominant ILAB isolated from pasteurized
and non-pasteurized VPVS are shown 1in PFig. 3.2.4.
Proportions of LAB decreased with increasing severity of
the pasteurization treatment. Lactic acid bacteria were
isolated from non-pasteurized (control) vienna sausages at
a frequency of 84,4% (Fig. 3.2.4), but their proportions
decreased to 74,6%, 66,4% and 52,9% in PAST1, PAST2 and
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PAST3I  treated sausages, respectively. Lactic acid
~ bacteria, therefore, predominated both in pasteurized and
non-pasteurized vVPVS, since they comprised more than 50% of
total isolates.

Previous 7reports o©of LAB predominating in spoilage
populations of vacuum~packaged, non—-pasteurized
emulsion~type sausages correlated well with the findings in
this study (Mukheriji and gvist, 1981; Egan, 1983, Nielsen,
1983; Korkeala gt al., 1985; 1987; Borch et al., 13288;
Zurera~Cosano et 8l., 1988; wvon Holy et al., 1991b; von
Holy and Clecete, 1992). These resuits were, furthermore,
in agreement with an earlier report that LAB predominated
in spoilage populations of both non-pasteurized and
pasteurized VPVS (von Holy et 2l1l., 19921a). The fact that
Lan predeminated in bacterial populations of
non-pasteurized, PASTL and PAST2 treated sasusages also
correlated well to our previous findings that tnese
bacteria determined the shelf 1life of non-pasteurized,
PAST1 and PAST2 treated VPVS (ch. 3.1).

For PAST3 treated sausages, however, only slightly more
than half (52,9%) of the bactevia isolated over the storage
period were LAB (Fig. 3.2.4). Clearly, therefore, the
spoilage association of these  products included a
considerabie (47,1%) non-lactic component. This finding
corresponded to results of ch. 3.1., where statistically
significant differences between total aergbic plate counts
and lactic acid bacteria counts over the entire storage

period were noted. This indicated that other bacteria
significantly reduced the predominance of LAB in PAST3
treated VPVS. The statement of Reuter (3969) that LAB
became the predominant spoilage populations of

vacuun—-packaged processed meats, regardiess of initial
contamination levels, was found true for non-pasteurized,
PAST1 and PAST2 treated VPVS. For PAST3 treated sausages,
however, +this statement was arguable and although LaB still
predominated at 52,9% of total isolates, this predominance
was considerably reduced. If numbers of initial
contaminating LAB are therefore reduced sufficiently by a
heat process, they may fail to establish themselves as
predominant spoilage populations.
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3.2.3.2 Effect cf pasteurization on predominance
of non-lactic acid bacteria in vacuum-packaged
vienna sausages

Proportions of non-TABR isolated from pasteurized and
non-pasteurized VPVS are shown in Fig. 3.2.4. Proportions
of non-LA%B increased with increasingly savere
pasteurization treatment. While non-LAB constituted 15,6%
of isolates from non-pasteurized (conicol) VPVS, their
fregquencies of isclation increased to 25,4, 33,6 and 47,1%
in PASTi, PAST2 and PAST3 treated sausages, respectively.
Increasing predominance of non-LAB was expected to occur
with increasing severity of pasteurization, since non-LAB
would, for example, inciude spore forming Bagillus strains
which can produce spores able to survive heat treatments
lethal to vegetative celis (Silliker et 8l., 1980; Houben,
1982; Nielsen and Zeuthen, 1984a,b). The effect of
pasteurization o2 proportions of different groups of
non~-LAB will now be discussed in detail.

3.2.3.2.1 Effect of pasteurization on predominance
of Bacillug in vacuum-packaged vienna sausages

Preportions of Bagiliys strairs increased from 3,9% of
total .lsolates from nen-pasteur =24 sausages to 5,9%, 16,0%
and 32,4% of total bacterial "isolates of PAST1, 2 and 3
treated sausages, respectively (Fig. 3.2.4). Bacillus spp.
have previously been shown to be unable to dominate the
spoilage ecology of non-pasteurized VPVS (von Holy, 1989),
which correlated well +to the lindings of this study which
identified only 3,9% of total isclates as Bacillus
strains. The inability of Bacillus spp. to dominate the
spoilage of vacuum—-packaged processed meats could be due to
antimicrobial activity of LAB growing in such products
(Spelhaug and Harlander, 19289; Marshall, 19291;
Papathanasopoulos et al., 19921). Increasing proportions of
Bacillus in pasteurized products, however, suggested these
bacteria were present in the thermotolerant spore form upon
pasteurization of VPVSs. This bhestowed a competitive
advantage upon Bacillus strains to establish themselves in
the spoilage association of pasteurized VPVS. The finding
that Bacillus and their spores are frequently introduced to
processed meats by ingredients such as flour, sugar and
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spices (Lvynch and Potter, 1988) could, therefore, explain
their predominance in heated products.

While increased proportions of Bacillus spp. in bacterial
populations of VPVS upon pasteurization were previously
noted, LAB still comprised predominant spoilage populations
of pasteurized products (von Holy, 1989). The role of
Bacilius in the spoilage ecclogy of pasteurized VPVS was,
therefore, concluded to be of little significance (von
Holy, 1989). Marshall (1991) found proportions of Bacillus
epp. to incrsase from 43% of total bacterial isolates in
non-pasteurized VPVS to 69% of total isolates in
pasteurized VPVS. This predominance in Bgcillus strains
was, however, associated with the initial stages of storage
and once pasteurized and non-pasteurized samples reached
the microbiological shelf 1life 1limit (53166 CFUg'l),
LAB populations predominated and no further Bacillus
strains were isolated (Marshall, 19%1). Similarly,
Bagillus spp. in this study were isolated at frequencies of
23,3%, 47,5% and 60,4% of non-LAB isolates from PASTL, 2
and 3 samples, vrespectively, in the initial storage
interval of 64 days (Table 3.2.1). No Bacillus could be
isolated from PASTL and PAST2 samples, and only 8,3% of
total non-1AB isclates comprised BPBacillug spp. in PAST3
samples, during the second half of the storage interval {65
to 128 days) (Table 3.2.1). 8ince pasteurized samples only
reached the wmicrobiological shelf 1l1ife 1limit (5x10°
CFUg"l, ch. 3.1) and became organoleptically spoiled
during the second half of the storage interval, our results
complemented those of von Holy (1989) and Marshall (1921).

Increasing incidences in Bacillus spp. in pasteurized VEVS,
on the other hand, raised concern since this genus contains
Bacillus g¢ereus which is & foodborne pathogen. This
pathogen is widely distributed in nature and has been
implicated in several outbreaks of food poisoning (Goepfert
et al., 1972; FKonuma et al., 1988). Furthermore, the
pathogen has previously been isolated at freguencies of
18,3% from meat products such as sausages, hams, bacon,
meat balls and hamburgers (Konuma gt al., 1988). Since
pasteurization of vienna sausages enhanced proportions of
Bacillus isolates to up to ca. one third of the predominant
bacterial populations (Fig. 2.2.4), a potential for growth
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of B. gereus in pasteurized VPVS existed and this might
compromise product safety. This is especially &0 since
pasteurization also decreased numbers and growth of
spoilage LABR (ch. 3.1) which are inhibitory to the growth
of PBacillus strains (Spelhaug and Harlander, 1989).
Further studies on identities of Bacillus i.olates from
pasteurized VPVS would, therefore, be reguired to determine
whether these products could pose a threat to consumer
health.

3.2.3.2.2 EBffect of pasteurization on predominance of
Entercbacteriaceae and Gram-positive,
catalase positive cocci

Gram~negative bacteria were consistently isolated from both
non-~pasteurized and pasteurized VPVS, but at relatively low
proportions of ca. 5 to 8% of total isclates (Fig. 3.2.4).
Failure of Enterobacteriaceae to dominate the spoilage
ecology of non-pasteurized, vacuum-~packaged processed meats
was reported vreviously (Fruin et al., 1978; Paradis and
Stiles, 1978; Nielsen, 1983; Zurera-Cosano gt al., 1988;
von Holy et al., 1991a) and correlated well to findings of
this study. Our results furthermore correlated well with
our earlier findings +that numbers of Entercbacteriaceae
remained low (< log 2,0 CFUg"I) in non-pasteurized VPVS
for most of the storage period {ch. 3.1), and that these
bacteria, therefore, failed to establish themzelves in the
spoilage assoclation.

The recovery of Entercbacteriaceae at low proportions from
pasteurized samples did not compare to previous findings,
where these bacteria were not recovered from pasteurized
VPVS (von Holy, 1989). Although Gram—-hegative bacteria are
known +to be more heat sensitive than Gram-positive bacteria
such as IAB (Jay, 1986), the consistent presence of
Entercbacteriaceae suggested the presence of strains with
increased heat resistance that could survive pasteurization
of VPVS. Comparisons of Enterobacteriaceae proportions
occurring during the two storage periods (0 to 64 and €5 to
128 days, respectively - Table 3.2.1), however, showed that
these bacteria were predominantly 1isolated up to 64 days
storage. This result compared well to our earlier findings

that numbers of Entercobacteriaceae in pasteurized sausages
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had decreassed to below detectable 1limits (< log 1,00
CFUg-l) after 68 days storage at 8°C. 'These findings,
therefore, supported the suggestion that Entercbacteriaceae
of unusual heat resistance n'ght have been present, sirce
this would have bestowed an initial advantage to2 these
bacteria to establish themselves in the spoilage ecclogy.
Antimicrobial activity of LAB towarus Enterobacteriaceae by
way of pH inhibition has been well documented {Daly et al..
1972; Nielsen and Zeuthen, 1985) and could explain why
these bacteria failed to establish themselves in the climax
spoilage association of both non-pasteurized and
pasteurized VPVS.

Proportions of Cram-positive, catalase positive cocci
increased from 5,5 to ggd. 3i0% of +total isolates after

pasteurization of VPVS (Fig. 3.2.4). Increasing
proportions of these bacteria in pasteurized,
vacuum—-packaged processed meats have not keen reported
before. It was speculated that these bacteria were more

heat resistant than LAB, and that pasteurization allowed
their establishment in the spoilage association. Isolation
fregquencies with respect to storage period, however, showed
that Gram~positive, catalase positive cocci were isolated
at higher freguency (16,6 to 43,3% of total non-LAB
isolates) during the first half, when cu~uared to the
second half of the storage period (0 to 4,2% of total
non-LAB isolates) of pasteurized VPVS (Table 3.2.1). Thisg
implied that Gram-positive, catalase positive cocci failed
to estabiish themselves in the climax spoilage asgociation
of both pasteurized and non-pasteurized VPVS, as Qid

Bacillus spp. and Enterobacteriaceae. As Dbefore, this
probably resulted from inhibition by LAB, which have been
shown to have bacteriocinogenic activity against
Gram~pogitive coccli such as Microgeccus and Staphylocogousg

aureus strains (Spelhaug and Harlander, 1289;
Papathanasopoulos et al., 1991; Sobrino et al., 1991).

Although pacthogenic strainsg of Enterobacteriaceae (e.9.,

Salmonella , Yersinig enterocolitica) and Gram-positive,
catalase positive bacteris (e.g., Staphylococcus gureus)

have previously been isolated from processed mneats
(Weissman &nd Carpenter, 1969; Duitschaever, 1978; Tiwari
and Kadis, 1981; Nielsen and Zeuthen, 1985), their growth
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in such products was inhibited by contrepl factors such as

nitrite, low storage temperatures and competitive LAB :
populations (Paradis and Stiles, 1978; Tiwari and Kadis, 3
1981; Nielsen and Zeuthen, i984a,b; 1985). Since

proportions of Gram-negative and CGram-positive, catalase
positive coccl were low and declined with storage time in
pasteurized VPVS, ogrowth of fthese bacteria seemed to be
inhibited, possibly by a combination of factors named
above. It was thus concluded that both the pasteurized and
non-pasteurized VPVS studied here did not pose a health _
risk with respect to pathogenic Enterobacteriaceae and i
Gram-positive, catalase positive cocci.

3.2.3.3 Effect of culture mnedia on composition of 5
non-lactic acid bacteria populations from pasteurized and ‘s
nion-pasteurized vacuum-packaged vienna sausages

Proportions of non-LAB isolaied from pasteurized and
non-pasteurized VPVS on Modified MRS and STD1 Agar plates
are shown in Table 3.2.2. Generally, non-LAB from both
pasteurized and non-pasteurized sausages were isolated at
higher proportions (> 67%) from STD1l Agar plates (Table
3.2.2). This was an expected trend since both media are
non-selective, but MRS Agar was specially adapted to the
speciric growth requirements of LAB (de Man et al., 1960),
whereas STDL Agar is less complex and supports the growth
of a wider variety of bacteria (MERCK Microbiology Manual,
1990). For gquantification in ecological studies on non-LAB
from pasteurized and non-pasteurized processed mneats,
therefore, use of a non-selective medium such as STD1 Agar P
was thought to be essential. Although proportions of
non-LAB were isolated at a higher freguency from STD1 Agar
plates, it was interesting to note that proportions of
Bacillus and Gram—-negative bacteria marginally increased on
MRS Agar plates after product pasteurization (Table
3.2.2). For propoertions of Gram-positive, catzlase
positive cocei, however, no such consistent increases were
observed. Proportions of Bacillus isolates, for example,
increased on Modified MRS Agar plates from 10,0% in control
samples to 20,8% in PAST3 sanples. Proportions of
Gram-negative bacteria on Modified MRS Agar plates
increased from 0% in control samples to 2,1~3,3% in PASTi,
2 and 3 samples. This could be explained by the fact that
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competition in mixed microbial populations on Modified MRS
Agar plates by IAB was reduced as a result of the heat
treatment. '

3.2.3.4 Effect of paSteurization on compesition of
lactic acid bacteria populations in
vacuum-packaged vienna sausages

3.2.3.4.1 Effect of pasteurization on predominance of
heterofermentative lactobacilli (I), enterococci and
streptococei (IVB), carnobacteria (V)
and thermobacteria (VI)

The composition of 1AB populations of non-pasteurized
{control) and pasteurized VPVS stored at 8°C is shown in
Table 3.2.3. No enterococci {group IVB), streptococei
(group 1IVB), carnobacteria (group V) or thermobacteria
(group VI) were isolated from either pasteurized or
non-pasteurized VPVS {Takhle 3.2.3). Furthermore, no
heterofermentative lactobacilli (group I) were isolated
from non-pasteurized and PAST3 treated VPVS (Table 3.2.3).
Heterofermentative iactobacilli were, howsver, isoclated
from PAST1 and PAST2 treated VPVS, at proportions of 13,6%
and 5,1% of total LAB isolates, respectively (Table 3.2.3).

Carnobacteria, enterccocei and streptococci have previously
been isolated from  vacuum-packaged processed and
non-processed meats (Cavett, 19637 Mol et al., 1971;
Schillinger and ILlicke, 1287, 1988; Borch and Molin, 1988;
von Holy and Holzapfel, 1991; von Hely gt al. 1991ib ; von
Holy &and Cloete, 1992)}. Although von Holy and Holzapfel
(1291), wvon Holy et al. (1991b) and von Holy and Cloete
(1992) reported isolation of streptococci and enterococci
from VPVS at low frequencies, +they failed to isolate
Carnobacterium from these preducts. Failure to isclate the
above biogroups in +this study clearly demonstrated that
they did not predominate in spoilage LAB populations of
pasteurized or non-pasteurized  VPVS. Similarly,
thermobacteria, as ‘well as heterofermentative lactobacilli
(from non-pasteurized and PAST3 treated VPVS) did also not
dominate the spoilage populations of +these treatments.
Thermobacteria, however, were expected not to grow in
refrigerated, processed neats, since failure to grow at
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15°C or lower is a diagnostic feature of this biocgroup
(Sharpe, 1962). Thermobacteria, enterococci, streptococci,
heterofermentative lactobacilli and carnobacteria could,
therefore, not have countributed significantly to spoilage
of both pasteurized and non-pasteurized VPVS.

Cbservations that heterofermentative lactobacilli showed
marked proportional increases from 0% of isolates
{non~pasteurized sausages} to 13,6% and 5,1% (PASTL and
PAST2 treated sausages, respectively) (Table 3.2.3), were
in agreement with previcus findings where proportions of
these bacteria increased from 4,9% of LAB isolates from
non-pasteurized sausages to 10,0% of LAB isolates from
pasteurized sausages stored at 7°C (von Holy and Holzapfel,
1991). These results suggested that heterofermentative LAB
were more heat resistant than homofermentative lactobacilli
and leuconestocs, since proportions of the latter biogroups
decreased in PASTI and PAST2 treated sausages (Table
3.2.3). This could have enabled the heterofermentative LAB
to establish themselves in the spoilage associations of
PAST1 and PAST2 pasteurized sausages. Several studies
indeed showed that strains of | heterofermentative
lactobacilli such as Lactobacillus viridescens exhibited
uynusual thermotolerance. {(Milbourne, 1983; Borch et al.,
1988) and were more heat resistant than homofermentative
lactobacilli from similar environments (Borch et al.,

1988). Failure to isolate heterofermentative lactobacilli

from PAST3 sausages, however, suggested that members of
this biogroup were unable to survive the prolonged heat
treatment applied %o PAST3I sausages (ch. 3.1.) and were
therefore less heat resistant than pediococcei. Pediococci
were still at a high proportion of 57,4% of isolates from
PAST3 treated sausages (Table 3.2.3).

Homofermentative Jlactobacilli and leuconostocs persisted in
the spoilage ecology of PAST3 treated sausages, whereas
heterofermentative lactobacilli did not. This could be
explained by the former (although probably being more heat
resistant than the latter) almost exclusively dominating
(83,3% of isolates) the spoilage ecology of non-pasteurized
VPVS8 (Table 3.2.3). Homofermentative lactobacilli and
leuconostocs thus were expected +to  outnumber  the
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heterofermentative lactobacilli even in PASTI treated
samples.

3.2.3.4.2 Effect of pasteurizaﬁion on predominance of
leuconostocs (II) and homofermentative
lacteobacilli (ITIX)

Leuconostocs (group II) and homofermentative lactobacilli
(group III} were isolated at the highest frequencies from
non~pasteurized VPV3 and jointly comprised 83,3% of LAB
isolates (Table 3.2.3). Proportions of homofermentative
lactobacilli decreased from 56,5% 1in non-pasteurized
samples to gg. 30% of isolates from pasteurized samples.
Similarly, proportions of leuconostocs decreased from 26,9%
in non-pasteurized samples to 8,0-11,1% of LAB isolated
from pasteurized samples (Table 3.2.3). |

Homofermentative lactobacilli comprised the  highest
proportion of isclates from non-pasteurized VPVS and
therefore dominated the spoilage ecology of these
products. This finding was in agreement with other studies
conducted on refrigerated processed and non-processed meats
{Allen and Foster, 1960; Cavett, 1963; Mol et ai., 1971;
Laleye et al., 1984; Shaw and Harding, 1984; Holzapfel and
Gerber, 18867 Morishita and Shiromizu, 1986; Borch and
Molin, 1988; Korkeala et &5l1., 19288; Korkeala and Mikeld,
198%; Marshall, 1%91; von Holy et al., 1991b; von Holy and
Holzapfel, 1991). In this study, the leuconostocs
comprised the second largest group of LAB isolates (26,9%)
from non-pasteurized VPVS (Table 3.2.3). Leuconostocs were
also reported to predominate in the spoilage ecology of
processed and non-processed meats, although both higher and
lower frequencies of isolation were reported (Egan, 1983;
Borch and Molin, 1988; Korkeala and Mikel&d, 1989).

Von Holy and Holzapfel (1991) previously reported that
leuconostocs and  homofermentative lactobacilli dJointly
comprised 84% of 144 LAB isolated from non-pasteurized VPVS
stored at 7°C. Similarly, Marshall (1991) found these
bacteria to dominate in non-pasteurized VPVS stored at 8°C,
collectively comprising 97,4% of 48 ILAB isoclates. Both
these figures compared well to the 83,3% of this study.
Our results thus confirmed previous findings that these
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hiogroups dominated LAR spoilage populations of
non-pasteurized = VPVS and therefore were primarily
responsible for spoilage of these products at refrigeration
temperature. ' ' : :

Furthermeore, von Holy and Holzapfel (1991) reported that
homofermentative  lactobacilli and  leuconostocs  still
comprised predominant spoilage LAB  populations from
pasteurized VPVS, even though their proportions decreased

to 71,5% of total isolates in these sampies. Similarly,

Marshall (1991) reparted homofermentative lactobacilli and
leuconostogcs to decrzase to a collective 66,6% of total LAB
isolates upon pasteurization of VPVS. In this study,
however, the homofermentative lactobacilli and leuconostocs
from pasteurized samples Jjointly comprised only . 36,4%
(PAST1), 40,6% (PasT2) and 42,6% (PAST3) of total LAB
isolates (Table 3.2.3). @Greater reductions in proportions
of these biogroups in this study were thought to result
from packaging predects into single layers within vacuum
bags, thus achieving a higher sausage core temperature upon
product pasteurization. By contrast saus~ges of the other
studies (von Holy and Holzapfel, 1991; Marshall, 19291) were
packed in double layers and poorly penetrated by heat.
This is illustrated by repcrts that after pasteurization
g~usage core temperatures only reached 52 to 57°C (von Holy
and Holzapfel, 19%1; Marshall, 19%1}.

Even though  joint proportions of homofermentative
lactobacilli and leuconostocs decreased in pasteurized
samples when compared toc controls, their frequencies of
isolation showed relative increases between pasteurized
samples with increasingly severe pasteurization (PAST1, 2
and 1) (Table 3.2.3). Proportions of leuconostocs
increased from £,0% (PASTi) to 8,9% and 11,1% of total 1LAB
isolates from PAST2 and PAST3 samples, respectively (Table
3.2,3). Similarly, proportions »f homofermentative
lactobacilli increased from 28,4% (PAST1) to 31,7% and
31,5% of +total LAB isolates from PAST2 and PAST3 samples,
respectively (Table 3.2.3). These relative increases could
be explained by  decreasing proportions of
heterofermentative lactobacilli in PaST1, 2 and 3 treated
samples (Table 3.2.3). '
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Since homofermentative  lactobacilli and  leuconostocs
predominated in spoilage populations of non-pasteurized
VEVS alsco 1in previous studies, control measures to prevent
product spolilage were suggested to be aimed specifically at
inactivating these biogroups {von Holy et gal., 1992).
Consequently in-package pasteurization in this study was

pased on jin vitro heat resistance data of a predominant
Lactobacilius gsake isolate from non-pasteurized VPVS (chs.

2.2 & 3.1). Our results clearly showed that reductions in
proportions of these biogroups were successfully achieved
by the pasteurization process, and that the predominance of
these Dbacteria was lost in spoilage populations of
pasteurized VPVS.

3.2.3.4.3 Effect of pasteurization on predoninance of
: pediococci (IVA)

Pediococei (group IVA) comprised a frequency of 16,7% of
izolates from non-pasteurized VPVS but showed marked
proportional increases (>50% of isolates) in pasteurized
samples (Table 3.2.3). :

Although pediococei have often been reported to occur in

conjunction with predominant spoilage lactobacilli and
leuconostocs in processed or non-processed meat products
(Reuter, 1981; wvon Holy and Holzapfel, 1991; von Holy et
al., 1991b; wvon Holy and Cloete, 1992}, frequenclies of
iseclation were usually lower  than the i6,7% for

non-pasteurized VPVS in this study. Low proportions of

pediccoceli in  non~pasteurized samples of this study
sugdested <that +these bacteria did not dominate spoilage
populations of control samples. The marked proportional
increase of pediococei in pasteurized samples correlated
well to previous findings where proportions of pediococei
increased from 4,9% to 9,2% (von Holy and Holzapfel, 1991)
and from 0% to 32,4% (Marshall, 1991) of total LAB isolates
after pasteurization of VPVS. Increases in proportions of
pediococel and corresponding decreases Iin proportions of
homofermentative lactobacilli and leuconostocs in
pasteurized VPVS (Table 3.2.3) indicated that pediococci
might be more heat resistant.

In our in vitro heat resistance studies (ch. 2.2}, the
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Pediococcus strain from spoiled, pasteurized VPVS was
indeed more heat resistant than the  Leucopostoc
nesentergides strain, but less heat resistant +than the
Lactobacillus sake strain. This Pediococcus strain was
isolated from pasteurized double layer sausage packs (von
Holy, 1989%) in which lower sausage core temperatures were
achieved than in this study. However, in a separate study
(Morris, 1992} on in witro heat resistance of predominant
spoilage LAB isolated here from pasteurized VPVS (ch. 3.1},

a representative Pediococcus pentosaceus spoilage isolate
was ga. 2] to =] times more heat resistant than
representative homofermentative t cilliu and
Leuconostoc nesentercides isolates, respectively. This

indicated that pediccocci from pasteurized samples could
indeed be more heat resistant than homofermentative
lactobacilli and leuconostocs.

Pediococci were the dominant LAB biogroup associated with
pasteurized VPVS in this study, since they were isolated at
proportions of gg. 50 to 57% of total LAB from samples of
all pasteurization treatments. This effect furthermore was
nore pronounced with increasing severity of the
pasteurization treatment (Table 3.2.3). Pasteurization of
sausages could, therefore, have afforded a competitive
advantage to the heat resistant pediococci and enabled them
to replace homofermentative lactobacilli and leuccnostocs
as predominant spoilage populations of VPVS.

3.2.3.5 Effect of storage interval on composition of
predominant lactic acid bacteria populations in

pasteurized, vacuum-packaged vieana sausages

Predominant jactic acid  Dbacteria were isolated from
pasteurized and non-pasteurized VPVS over 128 days at 8°C
(3.2.2.1). It was, therefore, considered necessary to
determine whether the predominance of pediococci in
pasteurized VPVE occurred shortly after pasteurization and
‘persisted throughout storage, or whether pediococci
gradually replaced Thomofermentative lactobacilli and
leuconostocs during storage. To this end, the frequencies
of isolation of LAB from pasteurized and non-pasteurized
VPVS sanmples from the first half of the storasge interval (0
te bd days) were compared with the second half of the
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storage interval (65 to 128 days) (Table 3.2.4).

In non-pasteurized VPVS homofermentative lactobacilli and
leuconostocs Jjointly comorised B86,7% and 66,7% of LAB
isolates <from the first and second half of the storage
intervel, respectively (Table 3.2.4). This indicated that
these biogroups not only dominated in mon-pasteurized VPVS
samples in the early (0 to 64 days) storage interval, but
algso dominated the climax LAB spoilage populations of these
samples. These results again confirmed previous reports
that homofermentative lactobacilli and leucono.tocs
doninated in spoilage populations of non-pasteurized, VPVS
(Marshall, 1991; von Holy et al., 1991a,b; von Holy and
Holzapfel, 1991; von Holy and Cloete, 1992},

Pediococcli were isolated at a freguency of 29,6 to 30,2% in
samples of all pasteurization treatments during the first
half of the storage interval (Table 3.2.4). In the second
half of the storage interval, however, pediococci comprised
more +than B83,3% of +total IAB isolates (Table 3.2.4) and
therefore clearly predominated. Conversely, the
rroportions of homofermentative lactobacilli and
leuconostocs cellectively decreased to ga. 9 to 14% of
total LAB isolated from pasteurized products during the
second half of the storage interval (Table 3.2.4). Since
pasteurized sausages only became organoleptically spoiled
during the second storage interval (55 to 128 days), and
shelf 1life of PASTI, 2 and 3 sausages was 67, 99 and 119
days of storage at 8°C (ch. 3.1), respectively, the
pediococci represented the climax  populations of
pasteurized sausages once they had spoiled.

The reason for the relatively late estalilishment (after ca.
64 days’ storage) of pediococel as predominant LAB spoilage
populations of pasteurized VPVS remains unclear. It was
speculated, however, that these bacteria, as well as other
LAB were heat injured and required time for recovery.
Furthermore, pediococci could have slower growth rates than
homofermentative lactobacilli and leuconostocs, which were
previously reported to become the predominant ILAR spoilage
populations of pasteurized and non-pasteurized VPVS (von
Holy gt al., 199ib; wvon Holy and Holzapfel, 1991}. As
pediococcli were more heat resistant than homofermentative
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lactobacilli and leuconostocs, this bestowed an advantage
upon them to become predominant spoilage populations after
pasteurization of VPVS. However, slow growth rates and
slow recovery of heat injury might have delayed but not
prevented  their establishment as predominant spoilage
populat’ons in pasteurized VPVS.

The occurrence of pediococci as the most predominant LaB
biogroup associated with the spoilage of in-package
pasteurized wvacuum-packaged processed meats bP-s not been
reported before. Conversely, the predudinance of
leuconostoos and homofermentative lactobacilli  in
pasteurized and non-pasteurized VPVS is well documented
{von Holy el al., 1991b; won Holy and Cloete, 1992) and is
associated with severe spoilage symptoms such as "blowing®
of packs of sausages, "off" or sour smells and development
of wmilky and slimy exudates. These spoilage symptoms are
expected to result especially from +{the growth of
leuconostoes, which are well-known for production of
dextran slimes from sucrose, as well as gas by their
heterofermentative metabelism (Sharpe, 1962; 1979). Since
pediococei de not produce slimes or gas, theilr predominance

in spoilage populations of pasteurized VPVS suggested

reduved =spoilage symptoms, such as blowing” or loosening
of packaging material, and the development of slimes in
packages. Indeed these spoilage symptoms of VPVS in which
LAB nucbers reachad ga. 1og 8,0 CFUg™ !l were less severe
for pasteurized samples compared to non-,asteurized samples
(ch. 3.1, Fig. 3.1.16}.

3.2.6 Effect of culture media on composition of lactic

acid bacteria populations in pasteurized and
non-pasteurized vacuum~packaged vienna sausages

Distribution of all IAB isclates from non-pasteurized and
pasteurized VPVS with respect to culture medium (Modified
MRS and STD1 Agar plates) is shown in Table 3.2.5. For
non~pasteurized, PAST1 and PAST2 treated sausages, LAB
isolates from Modified MRS Agar comprised proportions of
81,3%, 63,3% and 78,1%, respectively (Tabkle 3.2.5). For
PAST3 treated =sausages, however, proportions of LAB
isclates from Modified MRS Agar decreased to 39,7%.
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Higher isclation frequencies for LAB were expected from MRS
based  Agar plates, gsince this medium 1is formulated
specifically to satisfy tne complex nutritional
requirements of lactobacillli {de Man et 2l., 1960). In
keeping with this expectation, higher proportions of
homofermentative and heterofermentative lactobacilii were
recovered from Modified MRS Agar (Table 3.2.5) which
suggested that this medium allowed for improved recovery of
these biogroups from pasteurized and non-pasteurized VPVS
samples. Pediococci, however, were recovered at higher
proportions from STD1 Agar plates for both pasteurized and
nea—-pasteurized VPVS (Table 3.2.5). This suggesied that
th.s biogroup was better adapted to growth on STD1 Agar.
For non-pasteurized, PAST1 and PAST2 treated sausages
leuceonostocs were recovered from Modified MRS Agar plates
at higher frequencies than from STDI Agar plates (Table
3.2.5}. This suggested that the leuconostocs, like the
lactobacilli were also better adapted toc growth on Modifieg
MRS Agar. Higher isolation freguencies for pediococei from
STD1  Agar, and of lacteobacilii and leuconostocs from
Modified MRS Agar might reflect different nutritional
reguirements of these biogroups. Ecological studizss on
processed meat spoilage should, therefore, not only rely on
the use of MRS-based Agars to isolate spoilage LaB, but
should accommodate =uch phenomena by employing more than
one suitable culture medium.

For PAST3 +treated sanmples, however, leuconostocs were
isolated at a proportion of 18,2% from STD1 Agar compared
to 6,3% from Modified MRS Agar plates. {Table 3.2.5).
Furthermore, the relative proportion of Leuconostogs
.solation on Modified MRS Agar decreased with increasing
severity of heat treatment (Table 3.2.5). This implied
that the more severely heated bacteria recovered better on
STD1 Agar than on Modified MRS Agar. Heat injury of
bacteria +to sub~lethal levels may be a&associated with
.changes in mutritional reguirements (Buchanan et sl., 1988;

Magnus et al., 1988). The increased frequency of
Leuconostoc  iscolation from STD1I Agar with irocreasing

severity of pasteurization may thus be explained by changes
in nutritional regquirements.

Relative proportions of heterofermentative wad
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homofermentative  lactobacilli  isolation  increased on
Modified MRS Agar with increasingly severe heat treatment
applied to VPVS (Table 3.2.5). This implied that Modified
MRS Agar allowed for better recovery of these heat treated
biogroups than STD1  Agar. Relative proportions of
pediococci decreased on STD1 Agar with increasing severity
of heat treatment applied (Table 3.2.5). This implied that
Modified MRS Agar also allowed for better recovery of heat
treated pediococci than STD1 Agar. In the case of
pediococel, a change in nutritional requirements of these
bacteria as a result of sub-lethal heat injury (Buchanan,
et al., 1988; Magnusz et al., 1988) could again explain why
relative »proportions of +these bacteria increased on
Modified MRS Agar but decreased on STD1 Agar after
heating. Since relative proportions of lactobacilli and
pediococel  increased, while those of leuconostocs decreased
on Modified MRS Agar medium wupon heating of product,
Modified MRS Agar should be used in conjunction with STD1
Agar to  recover the mnaximum diversity of LAB populations
from in-package pasteurized products in ecological studies.

3.2.4 CONCLUSI™NS

Lactic acid bacteria dominated (84,4% of 128 isolates)
bacterial populations associated with non-pasteurized VPVS
stored at 8°C. This was expected since bhoth the
microbinlogical shelf life and spoilage of this product was
governed by the growth of +these Dbacteria during
refrigerated storage {ch. 3.1). Non-~LAR such as
Entercbacteriaceae, facillusg etrains and Gram-positive,
catalase positive cocci were isolated from non-pasteurized
vVPVS alt proportions of 6,3%, 3,9% and 5,5% of +total
isolates, respectively. We therefore concludad that the
latter bacteria did not predominate in the spoilage ecology
of VPVS, which was in agreement with other studies on the
ecology of vacuum~packaged emulsion-type sausages (Fruin g}
al., 1¢78; Paradis and Stiles, 1978; Zurera-Cosanc et al.,
los8s; von Holy et al., 1991a). Leuronostocs and
homofermentative lactobacilli Jjointly predominated among
predominant LAB  populations {83,4%) and spoilage of
non~pasteurized VPVS (ch. 3.1) was, therefore, a result of
growth of these genera to high numbers. This was in

|7
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agreement with earlier frindings relating teo the spoilage of
these products at refrigeration temperatures (Marshall,
1991; von Holy and Holzapfel, 1921; wvon Holy ef al.,
19921b).

In-package pasteurization, proposed as a control measure to
inactivate homofermentative Ilactobacilli and leuccnostocs
in vPVS, was sucgessful in reducing proportions of these
genera from a collective 83,4% in non-pasteurized, to
36-42% of LAB isolates in pasteurized VPVS. In all
pasteurization +ireatments, however, LAB as a group still
dominated (52% or more of total bacterial iscolates)
bacterisl populations. Reductions in proportions of 1LaB,
particularly homofermentative lactobacilli and
leunconostocs, were correlated with increases in product
shelf life (ch. 3.1). Pasteurization on the other hand,
also increased proportions of Gram-positive, catalase
positive cocci (ga. 8 to 10%) and Bacillus strains {(ca. 6
to 32%). These increases were speculated to result from
higher heat resistances of Bacillus and Gran-positive,

catalas2 positive coceci, when compared to LAB. This could..

have bestowed a competitive advantage upon Bacillus and
Gram-positive, catalase positive cocci to establish
themselves with increasing predominance among spoilage
populations associated with pasteurized VPVS. = These
non~LAB as well as Enterobacteriaceae, however, were
recovered from pasteurized VPV5S almost exclusively in the
first storage interval (0 to 64 days). Since pasteurized
saucages Yreached their microbioclogical shelf 1ife (ch. 3.1)
and becama organoleptically spoiled only during extended
storage (65 to 128 days) (ch. 3.1), spoilage of pasteurized
product was not considered to be significantly influenced
by the above bacteria.

Although Enterobacteriaceae and the Gram-positive, catalase
positive wvocci include pathogenic spp. such as salmonellae,

Yerginia enterocelitica and Staphylocogcus aureug which
have previously been  isolated from vacuum-packaged
processed meats (Weissman and Carpenter, 1368}

buitschaever, 1978; Nielsen and Zeuthen, 1985), 1low
isolation frequencies suggested that pasteurized and
non-pasteurized VPVS did mnot pose a health risk te
COnsumMers. In addition, decreasing predominances of
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Enterobacteriaceae  and Gram-positive, catalase positive
cocel with increasing storage time suggested that growth of
these bdcteria was  inhibited by competitive 1LAB

populations. _ '8ince pasteurization increased the
proportions of Bacillus isclates, which may include the
pathogenic species B. gereus, safety of VPVS might be
compromised Dby pasteurization. Future work should,

therefore, separately quantify and identify Bacillus
straine from pasteurized VPVS, to assess potential safety
risks.

Pasteurization of VPVS increased +the predominance of
pediococci from 16,7% of LAB isolates in non~pasteurized,
to 50% or more of LAB isolates in pasteurized VPVS.
Conversely, proportions of homofermentative lactobacilli
and leuconostocs decreased from a collective 83,4% of LAB
isolates in non~pasteurized to 36,4%, 40,6% and 42,6% of
LAB isolates in PasST1, 2 and 3 treated sausages,
respectively. The pediococci thus dominated the spoilage
ecology of - pasteurized VPVS. Speculatively, it was
concluded that pediococci were more heat resistant than
homofermuntative lactobacilli and leuconostocs, which
begstowed a competitive advantage on the pedioccocci to
establish themselves as +the dominant biogroup associated
with pasteurized VPVS, Moreover, the pediococcl were

isolated at highest proportions (>83,3% of LAB isolates)

from  pasteurized sausages  during the second storage
interval (65 to 128 days). This c¢learly showed that
pediococced, represented the climax populations of
pasteurized sausages once they had spoiled. Predominance
of pediococci among spoilage IAB populations resulted in
reduced severity of spoilage symptoms in pasteurized
sausages, This was due to pediococci, unlike leuconostocs,
not producing dextran slimes from sucrose and/or gas during
growth.

All non-LAB from pasteurized and non~pasteurized sausages
in this study were isolated in higher proportions on STD1
Agar, when compared to Modified MRS Agar. This was
expected since MRS Agar is specially formulated to satisfy
the complex nutriticnal requirements of LaB. Leuconostocs
and lactobacilli were generally isolated in higher
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proportions on Modified MRS Agar, when compared to STD1

Agar. Conversely, pediococci were isolated in higher

proportions on STD1 Agar than on Modified MRS Agar. Thes~
results highlighted the necessity of using more than one
suitable medium to recover <the maximum diversity of both
non~LAB and LAB in ecological sftudies on vacuum-packaged
processed meats. '
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Fig. 3.2.1 Characterization key for the identification of predominant lactic acid bacteria from pasteurized

and non-pasteurized vacuum-packaged vienna sausages (after von Holy et al.. 199ib).
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Fig. 3.2.2
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Phase contrast micrograpus illustrating
morphological differences between lactic acid
bacteria from pasteurized and non~-pasteurized
vacuum-packaged vienna sausages, showing rod
shaped - heterofermentative {a) and
homofermentative (b - £) lactobacilli by
increasing - cell length. Note curved rods (b)
and  club shaped rods, typical for
worphologies of Lactobagillus gcurvatus and
Lactobagillus corynefornis, respectively
{+— represents two micrometer).
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Fig., 3.2.3

Phase contrast micrographs of morphologically
different lactic acid bacteria isolated from
pasteurized and non-pasteurized
vaciuum-packaged vienna sausages, showing
coccoid and coccobacillus shaped pediococci
(g & h, respectively) and coccobacil'us

shaped leuconostocs (i & 1), The one
Leuconostoc isolate (i) showed tendency

towards chain formaticn, described as typical
for Lc. mesenteroides (Dykes, 1991). Cell
devision in two planes, characteristic for
Pediococcus (Sharpe, 1979) could be observed
to result in the Formation of tetrads (g & h)
( +—— represents two micrometer).
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CONTROL PAST1

PAST2

LAB

4 G-vo bactaria
7.6

G+ve cocol
10

Fig. 3.2.4 pistribution of wmicrobial groups associated
with = non~pasteurized ( CONTROL} and
pasteurized {PASTi-32, ch. - 3.1.)
vacuum-packaged vienna sausages stored at 8°C
for 128 days.
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Table 3.2.1,  Percentage dlstribution of 118 predomivant non-lactic acid bacteria from pasteurized
vacum-packaged % sa;sagespgtored at 8°C for 128 days. pE
Treatzent? w ' Gran-positive gram-negative | Total $ | Total no.
catalase positi bacteria of of
St coccl positive - {isolates | isolates
PASTL 1R (-)° 8,3 3,3) 0,1 {~) 100 30
PASI2 £7,5 (=) 30,0 (=) 22,5 (=) 100 40
PasT3 60,4 {8,3) 16,6 (4,2} 10,5 {- 100 i

For pasteurization parameters see ch. 3.1, Table 3.1.2,

Percentage for the first half of the storage interval (0 - 64 days).

C  Percentage for the second half of the storage interval (65 - 128 days).
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zsgadoninmt

e R S e T
e [ ] R | S | B, | T | B
control | 15,08 {10,000 2,0 {15,0) 9,0 {-) 75,0 (25,0) 100 (100) | 15 (5}

- pastl 16,7 {6,7) 33,3 {13,3) 26,7 (3,3 76,7 (3,3 | 100 (1000 | B (7)
PAST? 37,5 (10,0) 10,0 (20,0} 20,0 (2,5) &5 (3125 | 100 (100) | 2 (13)
MsS | 47,8 (2,8) 12,5 (8,4} 83 {2,1) 69,7 (1,3} | 002000 [ 33 (15)

Percentage for Standard Ome Rutrient Agar plates.

Percentageforﬂodiﬁedlm“garplates.
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Table 3.2.3 Group of 329 1actic acid bacteria jso
_ urized (CONTROL ( ed)ﬁnegngassateug?zed ‘Il’m.!. - 3,
at ¢ %or 128 days. %
Treatnent | Percemtage isolates per hiogrowp® | Total no.
' I |1 T | W isolates
CONTROL - | 26,9 55 | 167 108
PASTL 13,6 | 80 | 284 | 50,0 88
PAST2 51 | 89 | 3,7 | s44 79
BASTS - | s e 54
a

Fg E tnm‘ ;. See Fig. 3,2.1; no isolates belonging to

FI Were recovered.
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Table 3.2.4  Percentage distribution of edominant lactic acid bacteria fron pastewrized vac:mn-gadragad
Yiemna sausages over first (064 da',:s} and secoml (65 ~128 dgys) storape pas" storape intervals at 3°C.

Treatuent Percentage isolates par biogrwpa | Total § of | Zetal m,
I If 111 W I isolates of Fselates

COREROL L (8 28,9 (16,7} | 57,8 (50,00 | 13,3 (35,3} | 100 (200) | 90 {28)

msn® [ 18,5 (5,9) B0 | 407088 | 2,70%,3) | 100 (1000 ] 54 (3)

PAST? 7,0 (2,8} 16,3 (=) 46,5 (13,9) [ 30,2 (83,3) | 100 (100) 13 (53}

PASTS - (=) ) | 674 | 260520 | wpm | 7

& For definition of biogroups see Fig. 3.2.1; no isolates fron_biogroups. VB, Vamd VX Were reconred,

b por pastearization parameters see ch. 3.1, Table 3.1.2.

©  percentage for the first storage interval {0-64 days).

d .

Percentage for the second storage interval (65-128 days).
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Yable 3.2.5  Isolation freguencics predmnant lactic acid bacteria
_ fox pasteurized (Eisn-:s} and %&?zga{%
- Hoditien KRS and Standard oug Wi
Treatwent | Yercentage isolates per biogroup® Total ¢ otal 0.
1 g2 I RP. | 1I RE. [ R.P. | dsolates istlates
£ ¢ . o
o | g B el ] isnel ¥ 1ieng 3 0
Gk @ wn | T e | w6y
‘ pm® | 2,5:1,0 W ee] T | emol * diea] ®° >
(5,7) TOlEn Tl T e T ) 88 {35)
: . 7,0 9,3 %5 1 2 | 78,1 ) ' }
) PAST2 ot U o inunef U el T lam2e * _ ;
1 {2,8) (8,3) 439 }{78,0) (21,9 (36} i
B | 3 Viome ! ¥ Lol B Liean| 7 32
5 - ! : %
| {+) 2 ) we 1T T ma ] (e, {2) ;
@ or detinition of biogroups see Fig. .2.1, 10 repressmtatives of growps IVB, ¥ and VI were fomd. ;
¥ pelative isolation proportions fron Kodified FBS Agar vs. Standard One Hutrient iger. .
¢ Percentage for Modified KBS Agar. :
¢ porcentage for Standard One Nutrient Mgar.
®  For pasteurization paramcters see ch.3.1, Table 3.1.2.
é
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CHAPTER FOUR
SUMMARIZING DISCUSSION AND CONCLUSION
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South African vacuum-packaged vienna sausages (VPVS)} are
spoiled by lactic acid bacteria (LAB), which grow to high
numbers dJduring refrigerated storage (von Holy et al.,
199ia,b; wvon Holy and Cloete, 1992). Spoilage of VPVS
prior +o the expiry of the expected shelf life results in
costly losses to the producers (von Holy ek al., 1991ib; von
Holy and Cloete, 1992). 8Since final spoilage populations
of VPVS were dominated by homofermentative lactobacillii and
leuconostocs, it was suggested that control measures to
curtail microbiological gpoilage of VPVS e aimed
specifically at these genera (von Holy et al., 1992).
In-package pasteurization combined with low temperature
storage was suggested as a viable control option, since the
size of nicrobial populations surviving a heat treatment is
inversely related to its severity (Bell, 1983), and
recuntamination after heat processing is prevented by the
packaging material (Bell, 1983; von Holy et al., 1991a).

In-package pasteurization was used previously to increase
microbjological shelf 1life of VPVS by ca. fourfold (von
Holy et &al., i991a). Pasteurization, however, was
performed on a "Ytrial and error® basis and although VPVS
shelf 1life was increased, LAB still caused product spoilage
{von Holy gt al., 199la). To develop a quantitative and
effective in-package pasteurization process for VPVS,
knowledge on the heat resistance of meat spoilage LAB was
required. This study guantified heat resistance and
factors affecting heat resistance determinations of four
predominant IAB from spoiled, VPVS by in wvitro studies.
Heat resistance data were used to calculate heat process
(Fp) values for in-package pasteurization of VPVS aimed
at reducing numbers and grow*h of homofermentative
lactobacilli and leuconostocs. The effects of in-package
pasteurization on shelf life and the composition of LAB and
non-lactic acid bacteria (non-LAB) populations in VPVS were
determined during product storage at 8°C.

Four predominant spoiiage LAB from VPVS (Lagtobacillus
(Lb,) =sake, Lb. curvatus, Leuconostoc (Lc.) mesenteroides
and a Pediocgoous styrain, respectively) were heated in
glass capillary tubes filled with quarter-strength Ringers
sclution (QSRS) for in vitro heat resistance
determinations. Survivor curvas deviated from the
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South African vacuum-packaged vienna sausages (VPVS) are
spoiled by 1lactic acid bacteria (LAB), which grow to high
numbers during refrigerated storage (von Holy et al.,
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Holy and Cloete, 1992). Since final spoilage populations
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recontamination after heat processing is preventad by the
packaging material (Bell, 1983; von Holy et al., 19%91a).

In-package pasteurization was used previously to increase
nicrobioclogical shelf life of VPVS by ga. fourfold (von
Holy et al., 1991a). Pasteurization, however, was
performed on a "trial and error" basis and although VPVS
shelf 1life was increased, LAB still caused product spoilage
(ven Holy et a21., 1991a). To develop a quantitative and
effective in-package pasteurization process for VPVS,
knowledge on the heat resistance of meat spoilage LAB was
reguired. This study quantified heat resistance and
factors affecting heat resistance determinations of four
predominant IAB from spoiled, VPVS by in yitro studies.
Heat resistance data were used to calculate heat process
(Fp) wvalues for in-package pasteurization of VPVS aimed
at reducing numbers and ogrowth of homofermentative
lactobacillii and leuconostocs. The effects of in-package
pasteurization on shelf life and the composition of LAB and
non-lactic acid bacteria (non-LAB) populations in VPVS were
determined during product storage at 8°C.

Four predominant spoilage LAB from VPVS (Lactobacillus
(Lb.) sake, Lb. curvatys, Leuconostoc (L¢.) mesenteroides

and a Pediococcug strain, respectively) were heated in
giass capillary +tubes filled with guarter-strength Ringers
splution {QSRS) for in vitro Theat resistance
determinations. Survivor  curves deviated from the
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logarithmic order of bacterial death (Stumbo, 1965; Pflug,

1987; Maller, 1989) and were of concave, instead of linear,
shape. Since c¢oncave survivor curves reportedly result
from clumping of bacterial cells during heating (Stumbo,
1965; Witter, 1983), detergent (Tween 80) was used during
heating to prevent cell clumping. Addition of 1,0% Tween
80 to QSRS (pH 6,2), however, resulted in increased
bacterial death rates, which appeared to be due to
detergent damage to bacterial cell mnembranes. Use of
detergent to prevent cell clumping in further in yitro heat
resistance studies was thus avoided. Although concave LAB
survivor curves miyght have resulted frex cell clumping
during  heating, a nore likely explanation was the
heterogeneous heat resistance of these LAB. Heterogeneity
of LAB with respect to heat resistance has previously been
~eited as the cause of concave survivor curves for these
bacteria (Sanz Perez et al., 1982)}.

In a pilot study, in vitro heat resistance of a predominant -

Ib., gsake and a Lg. mesenteroides isolate did not differ
statistically significantly at 57 or 63°C in QSRS (pH 6,2)
for cells in the early or late logarithmic growth phases,
or for cells heated in QSRS at pH 5,8 or 6,2. Although
bacterial heat sensitivity is known to increase with
decreasing pH of +the heating medium (Silliker et al.,
1980), the pH decrease from 6,2 to 5,8 was not considered
‘sufficient to incirease heat sensitivity. Similarly,
despite reports on bacterial heat resistance increases with
cell age (Silliker et al., 1980), growing LAB to the late
logarithmic phase did not result in increased heat
resistance. Further in vitro heat resistance studies could
thus be performed on LAB cells in either growth phase, or
in heating medium at either pH.

Since South African VPVS have pH’s of ¢a. 6,2, and
in-package pasteurization of VPVS was envisaged to control
low 1levels of LAB immediately after packaging, it was
concluded that further in vitro heat resistance studlies on
meat spoilage LAB should be performed on cells in the early
logarithmic growth phase and in QSRS at pH 6,2. Should
pasteurization, however, be delayed and LAB reach the late
logarithmic growth phase, in vitro heat resistance data of
the early logarithmic growth phase would still be valid for
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Fp~value calculations. Should in-package pasteurization
be delayed and numbers of LAB increase, the Fg-value
would need to compensate for the increased initial
microbial load (N.). Consecuently it is suggested that
in-package pasteurizatien on VPVS immediately follows
' product packaging, since bacterial growth would be minimal
at that tiwe. This is important since high microbial loads
can detrimentally affect the Fflavor of the finished food
product, evan  when contaminants are killed by heat
. precessing (Warnecke et al., 1966). oCur in vitro results
further suggested that decreasing sausage pH tTo pH 5,8
would  not result in faster Theat  inactivation of
contaminating LAB.

In vitro heat resistance studies at 57, 60 and 63°C showed
that the four predominant spoilage LAB from VPVS were heat
sensitive, =since at least one log cycle reductions in cell
numbers were achieved by heating for ga. one minute at 57°C
in QSRS. Since the four LAB selacted for in vitro heat

treatment were originally isclated from spoiled VPVS, our:

data confirmed previous findings (Dykes et al., 1991) that
LAB contaminating vienna sausage ~mulsion could not survive
the  heat processing { smoke~cooking) of product
manufacture. Heat resistances of LAB in this study were
thus expected and confirmed to be lower than those of
previously described thermotolerant meat spoilage LAB
(Niven et al., 1954; Houben, 1982; Milbourne, 1983; Borch
et al., 1988). Heat resistances of LAB in this etudy,
however, compared favourably to those of spoilage LAB from
bser and citrus products (Adams et al., 1989; Parish, 1991)
as well as Listeria monocvtogenes heated in milk (Bradshaw
et al., 1985; Donnelly and Briggs, 1986; Bradshaw et 2i.,
1987). By implication, this indicated +that the above
pathogen should also not survive heat processing of
emulsion-type sausage during manufacture, as was indeed
found to be the case in a previous study (Zaika et al.,
1990), Comparable heat resistances of ILAB and L.
monocytogenes  furthermore implied that Listeria cells
recontaminating sausages after heat processing were
unlikely to survive in-package pasteurization.

Z=values determined from in witro Theat resistance
determinations were c¢a. 4 t¢ 5 times higher than the 4 to
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6°C generally reported for non-sparulating bacteria (Hunsen
and Riemann, ~ 1963; Tomlins and Ordal, 1976). Such high
z-values were thought to arise since the temperature
interval (6°¢) over which IAB heat resistance was
determined was too small to allow the thermal death time
curve to ftraverse one log cycle. D-values used in heat
process calculations could thus not be extrapolated to
higher or lower temperatures than those used in this
study. Should such extrapolations be required for
pasteurization of VPVS at higher or lower tempecatures, LAB
heat resistance would need to be determined over a greater
temperature interval to generate z-values which would aliow
for such extrapolations.

In situ VPVS pasteurization trials were based on the upper
limit of the 95% confidence interval of the D4 value of
a Lb. sake strain, which was the most heat resistant of the
four predominant ILAB isolates studied. Surviwor curves of
all four ILaB strains heated in vitro, however, were
non~linear and D=-values derived from these curves, using
linearization by linear regression, thus underestimated
true heat reszistance of LAB. In addition, D~values of LAB
determined in SRS in vitro were expected to be lower than
those for bacteria heated in sausages, since carbohydrates,
fats, salt and curing salts contained in sausages are known
to protect bacteria from heat inactivation (Silliker, et
al., i%80; Jay, 1%86). 8Since the in vitro D-value for the
Lb. sake strain was expected to underestimate its true neat
resistance, three in-package pasteurization treatments of
increasing severity (PASTLI, 2 and 3, respectively) were
applied to VPVS in single layers teo determine their
relative effectiveness in reducing numbers and growth of
spoilage LAB.

In-package pasteurization of PAST1 +treated sausages was
performed to a sausage core temperatures of 60°C and not
based on a heat process (Fp) value (Miller, 1989). PAST2
and PAST3 heat treatments were, however, performed to
sausage core temperatures of 63°C and calculated by the
Fp~values to reduce levels of spoilage LAB to log 1,0 CFU
(PAST2}) or leave one in a thousand packs of sausages
contaninated with any LAB (PAST3). Although the calculated
bacterial reduction was = approximately achieved

A et
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for PAST2 treated sausages, our results showed that the
PAST3 pasteurization treatment only eliminated LAB fromn

packages to approximately 0,6 CFUg'l. This could be -

explained by the underestiwate of the D-value for Lb. saks
used in Fp value calculations, and the possible increased
heat resistances of IAB in vienna sausagus compared to
QSRS. '

Nevertheless, all in-package paste. ~ization treatments were
successful in decreasing numbers of contaminating LAB from
ca. log 3,0 CFU'c_:;"-1 in non-wosteurized to below log 1,0
CFUg'l in pasteurized sausag. . In addition, in-package
pasteurization significantly decreased the growth of LAB, a
trend which increased with increasing severity of the heat
treatment. Depending on the severity of the heat
treatment, in-package pasteurization increased shelf life
of VPVS to 10, 14 and 17 times that of non~-pasteurized

products and therefore effectively controlled the
microbiological =wzpoilage of VPV® rtored at 8°C. In~package
pasteurization of VPVS c¢an, -refore, be recommended to

producers of VPVS as a meth - .o increase shelf life and
decrease the losses experienced in form of returns of
pre-maturely spoiled products from the marketplace.
Approximately fourfold &=shelf 1life  increases  after
pasteurization of double layer VPVS were previously
reported for sausages stored at 8°C (Marshall, 1991) and
7°C (vor Holy et al., 1991b). The noticeably larger
increases in shelf life of VPVS achieved in this study were
thought to result from packaging sausages into singla
layers. This not only resulted in higher sausage core
temperatures when compared to those of 52 to 57°C achieved
in the study of wvon Holy et al. (1891la), but also in
quicker and more even heat transfer in sausage packs.
Packing sausages into single, as opposed to double laysrs
for in-package pasteurization of VPVS is therefore also
recommended +to the producers, since this practice would
effectively increase shelf life, and also be attractive in
terns of saving energy and processing time.

Fp-values calculated on the basis of jn witro heat
resistances of La% w2ro> thas useful for guantifying the
time/temperature combinations required to reduce initial
numbers and growth of spoilage ILAB in VPVS. The
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time/temperature combinations for in-package
pasteurizations utilized in this study were of sufficient
accuracy to control spoilage and extend shelf life of VPVS
from an industrial perspective. From a scientific
perspective, however, it ‘would be possible to gquantify
parameters £or in-package pasteurization processes more
accurately. For this purpose, LAB heat resistance could,
for example, be determined in a visnna éausage glurry where
bacteria are protected against heat damage by compounds
such as fats, carbohydrates and salts. This would improve
the accuracy of Fg-values and hence deterninations of
desired endpoint populations (Ng) after in-package
pasteurization of VPVS. Furthermore, Fp—value
calculations could be improved by compensating for
non-linear survivor curves, which probably arcse as a
result of heterogeneity of LAB with respect to heat
resistance. Since concave survivor curves are
characterized by an initial rapid death rate stage followed
ky a slower bacterial death rate stage, a concave survivor
curve wmway be  subdivided into two linear phases, each
representing one of the above stages in bacterial death
rates. D-values may then be derived from the straight line
with the greater slope in order to compensate for the fact
that bacterial inactivation did not produce linear survivor
curves. Speculatively, however, it 1is suggested that
in-package VPVS pasteurization time should be increased by
a factor of ¢a. one to two minutes Aduring heating at
sausage core temperatures of 63°¢C, to more accurately
predict the endpoint LAB populations surviving the heat
treatment.

Isclat' on of a Listeria innocua strain from a
non-pasteurized VPVS pack in the first week of storage at
8°C indicated a potential for post-heat rprocessing

(smoke-cooking during wmanufacture) contamination Dby
Listeria. No Listeria could, however, be lisclated from any
pasteurized VPVS stored at 8°C. This suggested that

in-package pasteurization of VPVS not only effectively
delayed spollage by LAB, but also improved safety of til se
products with respect to Listeria transmission. In-package
pasteurization of VPVS, |Thowever, also increased the
incidence of potentially pathogenic clostridia from 8,3% in
non-pasteurized +to 41,7% (PAST1), 58,3% (PASTZ2) and 75,0%
(PAST3) in pasteurized sanples.
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Moreover, the isolation of potentially pathogenic
Clostridium perfringens type A strains from sausages of all
pasteurization treatments suggested that in~-package

pasteurization of VPV5S might compromise product safety.
In-package pasteurization of VPVS to control the spoilage
of these products 1is, therefore, recommended to industry
with caution. Clearly, a need for control factors in
addition to high temperature exists to ensure the safety of
pasteurized VPV3 with respect to transmission of
potentially pathogenic clostridia. Possible control
factors will be digcussed in more detail.

Even though the three in-package pasteurization treatments
increased shelf 1life o 10, 14 and 17 times that of
non~pasteurized VPVS, they did not prevent microbiological
spoilage. Proportions of LAB decreased from 84,4% of
predominant  populations isolated from non-pasteurized
samples to 74,6%, 66,4% and 52,9% for PAST1, 2 and 3
treated sampiles, respectively. The LAB thus dominated the
spoilage ecr .ogy of all pasteurized products (> 52,9% of
total bacterial isolates). This was in agreement with von
Holy et al. [199la) who also showed spoilage of in-package
pasteurized VPVS to be associated with growth of LAB to

high numbers (ca. log 8,0 CFUg'l). However, in this
study, proportions of non-LAB (Bacillug, Entercbacteriaceae

-and Gram-positive, catalase positive cocci) increased from
15,7% of predominant isoclates in non-pasteurized to 25,4%,
33,7% and 41,7% of predominant isolates in PAST1, 2 and 3
treated s=amples, respectively. Increasing proportions of
non-LAB with iIncreasingly severe heat treatment suggested
that these non-LAB were more heat resistant, which gave
rise to a competitive advantage and led to establishment of
non-IaAB in the spoilage ecclegy of in-package pasteurized
VPVS. Non~LAB, however, were iscolated at highest
proportions only during +the £first half (0 to 64 days) of
the @storage interval at 8°Cc and, therefore, did not
predominate in c¢limax populations of spoiled VPVS. The
inability of non-LAB such as Bacillus, Entercbacteriaceae
and Gram-positive, catalase positive cocci to dominate the
climax spoilage ecology of Dboth pasteurized and
non-pasteurized VPVS wae previously reported (von Holy,
1989; Marshall, 19%1; von Hely et al., 1992ia) and supported
the findings of this study.
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In non-pasteurized VPVS, the homofermentative lactobacilli
and leuconostocs dominated LAB populations and collectively
comprised 83,3%. This was in agreement with results of
Marshall (1921} and von Holy and Holzapfel (1991}, who
reported homofermentative lactobacilii and leuconostocs in
non-pasteurized VPVS stored at 7°C to Jjointly comprise
07,4% and 84,0% of LAB isolates, reepectively. In
pasteurized products, however, joint proportions of
leuconostocs and homofermentative lactobacilli decreased to
36,4%, 40,6% and 42,6% of predominant LAB isolates for
PASTL, 2 and 3 treated gamples, respectively. Conversgely,
proportions of pediococci increased from 16,7% of
predominant isolates in non-pasteurized samples to 50,0%,
54,4% and 57,4% of predominant LAB isolates from PAST1, 2
and 3 esamples, respectively. Increasing proportions of
pedlococei as a result of VPVS pasteurization were reported
previously (Marshall, 1991; von Holy and Holzapfel, 1991),
and it wae suggested that this biogroup wae more heat
repistant than the homofermentative lactobacilli and

leuconostocs. This could have bestowed a competitive
advantage upon pediococci to establish themselves as
dominant spoilage LAB in pasteurized VPVS. Moresover,

pediococci were isolated from pasteurized VPVS at higher
proportions (> 83,3% of predominant LAB isolates) during
the second estorage interval (65 to 128 days), suggesting
that +this biogroup dominated the climax LAB populations
associated with epoiled, in-package pasteurized VPVS. This
finding did not correlate to previous reports where the
homofermentative  lactobacilli and leuconostocs  still
predominated in LAB populations of pasteurized VPVS at
proportions of 71,5% (von Holy and Holzapfel, 19291) and
66,6% (Marshall, 1991) of total LAB isolates.

The higher  proportions of pediccocci in predominant
spoilage populations of pasteurized VPVS in this study are
likely to have resulted from the arrangement of sausages
into single layers within vacuum bags which produced higher
sausage core temperatures. Since in-package pastesurization
to higher sausage core temperatures than those used by
.~ Marshall (1991) and von Holy and Holzapfel (1991), was
aimed at reducing +the predominance of homofermentative
lactobacilli and  leuconostocs, this objective was
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achieved. Pediococci have not previously been implicated
as predominant spoilage populations of vacuum-packaged
processed meats. In this study, predominance of pediococci
in pasteurized VPV8 was aseccisted with less severa
spoilage symptoms such as loosening of packaging material
and development of exvdates 1in pausage packs. AE a
practical consequence, reduced specilage symptoms would lead
to a longer shelf life during retail dieplay.

Although owverall proportions of non~LAB increased with
increasing =severity of the heat treatment applied toc VPVS,
proportions of Gram~negative bacteria and Gram-positive,
catalase positive cocci remained low (<11,2%) for all
pasteurization treatments. Low proportions of
Enterobacteriaceae  and Gram-positive, catalase positive
cocel ' in  pasteurized VPVS  implied that in-package
pasteurization would not lead to a health risk with respect
to transmiesion of pathogenic species of these groups
(e.qg., Salmonella, Yerg,wia enterocolitics and
Staphviocogcus ieus, respectively). These pathogens were

previously reported to be associated with wvacuum-packaged

processed meat products {(Weissman and Carpenter, 1969;
Duitschaever, 1978; Tiwari and XKadig, 1881; Nielsen and
Zeuthen, 1985). In~package pasteurization of VPVS did,
however, increase the frequency of isolation of potentially
pathogenic Bacilliue strains in  addition to that of of
clostridia, including pathogenic . perfringens type A.
Proportions of Bacillus increased from 3,2% of predominant
igolates from non-pasteurized VPVS to 32,4% of predominant
ipolates from pasteurized VPVS.

The increased isolation freguencies of clostridia
{including pathogenic ¢. perfringens type A), as well as
potentially pathogenic Bacillus strains as a result of VPVS
pasteurization were concluded to result from spores
surviving the pasteurization treatments. Bacillus and
Clostyidium spores ara well known to survive heat
treatments designed to inactivate vegetative cells (Nielsen
and Zeuthen, 1985; EKokubo et 8l., 1986). Since growth of
Bacillus and Clostridium spp. in processed meats is
inhibited by competitive LAB as well as low temperature
storage, decreased  predominance of LAB in epoilage
populations as a result of in-package pasteurization of

ey
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VPVS, and the potential for product temperature abuse
during retail display could joiutly compromise the safety
of pasteuriged VPVS.

In the practical situation, additional control parameters
(or hurdles) may be effectively used ¢o control the growth
of pathogenic Clostridia and Bscillys strains in
pasteurized  VPVS. Pasteurization of VPVS could, for
example, be performed at lower temperatures than those used
in this study at, for example, 57 °C core temperature for
ga. 3 to b5 minutes. Our in vitro results zhowed that LAB
could be heat inactivated at this temperature. Although
this would imply a shorter eshelf Iife, it would
nevertheless allow for faster ormwth of spoilage LAB
capable of inhibiting potentially ©» hcynic Clostridium
and Bacillus strains. Co

Alternatively, in-~package pasteurization of VPVS could ba

performed twice. The firet pasteurization process would
activate spores of Bazillius and Clostridium to germinate

into wegetative cells during a suitable incubation period,
after which s=sausage packe could be re-pasteurized. This

would kill the more heat sensitive Bacjillus and Clostridium
vegl tative cells. Further studies on +the organcleptic
implications uand incidence of Bacillug and Clostridium in
"double~pasteurized" VPVS would need to be performed to
evaluate the feasibility of this approach.

"Double~pasteurization”, however, would probably nct be
practically feasible since increases in time and energy
requirements would be of dovhtful cost~benefit.

The high temperatures of in-package pasteurization cea.d
furthermore b# used in combination with other hurdles to
control the growth of potential foodborne pathogens. Low
temperature product storage, for examples, is well known tc
inhibit growth of pathogenic mesophiles such as Bacillius
and Clostridium. The cold chain, therefore, would need to
be strictly adhered to, not only to inhibit the growth of
spoilage populations, but aiso of pathogenic bacteria. Use
of product pH as a hurdle to inhibit growth of pathogenic
bacteria in VPVS 1ig, however, difficult since lowering

product pH to the Yliower organoleptic 1limit"™ of pH 5,8

would still allow for growth of pathogenic B. cereus, C.
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perfringens ani C. to (Buchanan, 1986; Hauschild,
1989; Labbe, 1589).

Nevartheless, chemical preservatives such as sodium nitrite
or sodium lactate, in addition to in=package
pasteurization, could be evaluated as hurdlee to control
the growth of pathogenic Bacillue strains and clostridia in
vacuum~packaged processed meats. Nitrite is known to be
effective in inhibiting these bacteria in processed meats,
especially at low storage temperatures (Sofos et al., 1979;
Nielsen and Zeuthen, 1984b; Tuchanan, 1986) and is used in
South African VPVS at levels of ga. 100ppm residual
concentration. Since regidual nitrite concentrations in
processed meats are difficult to control as they are
affected by product heating and storage time (Sofos gt al.,
1979), control of pathogenic bacteria in pasteurized VPVS
by sodium lactate in conjunztion with nitrite may be a
viable option and should be inve'tigated by further

studies. Sodium lactate would be easler to control in
pasteurized VPVS than scodium nitrite, as levels of the
previous compound are - (pected not to be affzcted by heat
treatments. Sodium lactate might thus successfully inhibit

growth of pathogenic PBacilius and Clostridium spp. by
virtue of its antimicrobial nature. Sodium lactate has
previously been shown <o  inhibit growth and toxin
production of €. botulinum in ¢ook~in~hag turkey products
under conditions of temperature abuse (Maas gt z3l., 1989).
Due to the ease of industrial application, sodium lactate
combined with sodium nitrite and low temperature storage is
recommended +to manufacturers to enhance the safety of
in-package pasteurized VPVS. Further studies on incidence
of pathogenic Bagcillus and Clostridivm in pasteurized VPVS
containing sodium lactate and sodium nitrite and stored at

refrigeration temperatures should, however, pe performed to-

validate the effectiveness of these control parameters.

To assure the gsafety of pasteurized VPVS, the effects of
the above hurdles on numbers and identities of pathogenic
Bacillus spp. and clostridia would reguire further study.
It remains of utmost importance, however, that bafore
control measures for +the above pathogens are investigated
or even instituted, efforts should be focused on prevention
of contamination of vienna sausages with pathogenic

o e gy I gt M Ll At R T

e e OP

AT s, iy



173

bacteria in the meat processing enviromment. This would
require that good manufacturing practices (GMP), effective
sanitation and personal hygiene programs and raw material
guality are maintained and even improved in South African

‘meat processing plants. Thus GMP and the combined use of

hurdles such as in-package pasteurization, preservation and
low temperature storage may not only reduce spoilage and
increase shelf life, but aiso assure the safety of VPVS.

In the final analysis, therefore, the statement that
"Ooverall, the presence on neats of lactic acid bacteria is
mo.e desirable than that of the type of bacteria they have
replaced® (Hgan, 1983) was found to hold true in the case
of in-package pasteurized, vacuum-packaged vienna sausayges.
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