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ABSTRACT

Heat resistance and inactivation of processed meat spoilage
lactic acid bacteria was investigated in vitro and by
in-package pasteurization of South African vacuum-packaged
vienna sausages. In vitro heat resistance of four lactic
acid bacteria strains was low, since reductions of at least
one log cycle in bacterial numbers occurred upon heating at
57, 60 and 63°C in quarter-strength Ringers solution for
one minute. In v~tro heat resistance data were used to
calculate three in-package pas·teurization treatments of
increasing se'l1'erityfor vacuum-packaged vienna sausages.
Depending on treatment, pasteurization in a water ~ooker at
67°C increased microbiological shelf life of s.;.-;:.:sagesto
10, 14 and 17 times that of control samples, during s·torage
at gOC. Although in-package pasteurization successfully
decreased growth of spoilage lactic acid bacteria and
Lncr'eased product shelf life fit did not entirely prevent
spoilage by pediococci. Since pasteurization also promoted
growt.h of potentially pathogenic Bacillus and Clostridium,
safety of pasteurized vacuam-packaqed vienna sausages was
compromised.



ANOVA ·~
°c

ca. ··
CFU

ch( 6) •

cm

Ed(s).

e.g. ,

et aloe "·
Fig(s) •

g ··
i.e.

l.AB ··
LABC

log

min.

ml

mm

M]lIRS Agar :

MRS Agar

nm

ii

LIST OF ABBREVIATIONS

analysis of variance

degrees Celsius

about

colony forming units

chapter(s)

centimeter{s)

edition, editor(s)

for example

and others

figure(s)

gram(s)

that is

lactic acid bacteria

l,.ctic acid bacteria count

logarith.m to base ten

minute(s)

milliliter

millimeter

Modified MRS Agar

De Man, Rogosa and Sharpe Agar

nanometer



iii

no. number(s)

OD optical density

PAST pasteurization treatment

pp. pages

QSRS quarter~strength Ringers
solution

sp. species (singular)

spp. species (plural)

STDl Standard One Nutrient Agar

TAPe total aerobic plate count

viz. namely

VPVS vacuum-packaged vienna
sausages

vs. versus

Vol. volume

w/v weight per volume

w/w weight per weight



LIST OF TABLES

Tablt:.'1.1

Table 1.2

Table 2.1.1

Table 2.1.3

Table 2.1.5

iv

PAGE

Summary of b- and z-values for
spoilage lactic acid bacteria
heated in various media.......... 16

Summary
Listeria

of D- and z-values for
monocytogenes heated in

milk " o •••• 17

Heat treatml.nt time intervalsror
Lactobacillus sake and
Leuconostoc mesenteroides to
determine effect of growth phase
and heating medium pH on heat
resistance W 0 " • " Q .. 49

Exposure times and recovery media
used for heat inactivation of two
meat spoilage lactic acid
bacteria at 63°C ..••......•. ~.... 50

Effect of culture medium on
recovery of Lactobacillus sake
and Leuconostoc mesenteroides
after heating in quarter-strength
Ringers s~lution (pH 6,2) at
63°C ••....•. c. ••••••••••••• o ••• "'... 51

The effects of growth phase and
pH of hea'tins;medium on the heat
resistance (C-values) of
Lactobacillus g,ak~ and
Leuconostoc mesenteroides........ 52

Effect of Tween 8.0 treatment
during heating at 63°C on cell
numbers of Lactobacillus sake.... 53



Table 2.2.~

Table 2.2.2

Table 3.1.1

Table 3.1.2

Table 3.1.3

Table 3.1.4

v

PAGE

Heat treatment time intervals for
four lactic acid bacteria
isolates from spoiled
vacuum:packaged vienna sausages.. 78

D- and z-values for four meat
spoilage lactic acid bacteria
heated at 63, 60 and 57°C........ 79

Growth limiting aw, pH and
minimum temperature and salt
concentration values for
proteolytic and non-proteolytic
Clostridium (Q.) botulinum and Q.
perfringens .... 0 •••••• ,. •••••• I) • • • 118

F'rr,-value
determinations
in-package
processes at
63 °C (PAS~<?
single

parameters
for

and
three

pasteurization
60°C (PAST1) and

and 3) applied to
layered 400g

vacuum-packaged vienna sausage
(VPVS) packs..................... 119

Mean sausage core and water
cooker temperatures during three
in-package pasteurization
treatments (PAST1, 2 and 3) of
single layerea~ 400g packages of
vacuum-packaged vienna sausages.. 1.20

Incubation conditions and culture
media for microbiological counts
of in-package pabteurized and
non-pasteurized vacuum-packaged
vienna sausages.................. 121



Table 3.1.5

Table 3.1.6

Table 3.1.7

Table 3. 1 • fl~

Table 3.2.1

Table 3.2.2

vi

PAGE

Culture
conditions
tests used

media, incubation
and. characterization
for tha enrichment,

selective isolation, purification
and identification of Listeria
and Clostridium from
vacuum ....packaged ~.;lennasausages.. 122

Initial microbial numbers of
non-pasteurized (CONTROL) and
Ln=packeqe pasteurized (PASTI-3)
vacuum-packaged vienna sausages.. 123

Microbiological shelf
cowparisons of
(CONTROL) and

life (MSL)

pasteurized

non-pasteurized
in-package
(PASTl-3)

vacuum-packaged vienna sausa,ges.. 124

Incidence
Clostridium
(CONTROL)

of
in
and

Listeria. and
non-pasteurized

in.-package
(PASTl-3)pasteurized

vacuum-packaged . vf.erma
during storage at gOC

sausages
for 18

weeks e CI • e .a _ 011 •••••••• 0 • • • 125

Percentage
predominant
bacteria

distribution of 11g
non-lactic acid

from pasteurized
vacuum-packaged vienna sausages
stored at gOC for 128 days....... 156

Percentage distribution of 138
predominant non-lactic acid
bacterJa isolated from total
aerobic plate c....unt;s on Standard
One Nutrient Agar and lactic acid
bacteria counts on Modified MRS
Agar plates of vacuum-packaged
vienna sausages stored at 8GC for
128 days "". . • . . . . . . . . . . . . 157



Table 3.2.3

Table 3.2.4

Table 3.2.5

vii

PAGE

Grouping of 329 lactic acid
bacteria isolates from
non-pasteurized (CONTROL) and
pasteurized (PASTl-3)
vacuum-packaged vienna sausages
stored at 8°C for 128 days....... 158

Percentage distribution of
predominant lactic acid bacteria
from pasteurized vacuum-packaged
vienna sausages over first (0-64
days) and second (65-128 days)
storage intervals at 8°C......... 159

lsolation frequencies of
predominant lactic acid bacteria
from pasteurized (PA£T1-3) and
non-pasteurized (CONTROL)
vacuum-packaged vienna sausages
stered for 128 days from Modified
MRS and Standard One Nutrient
Agar ...•.... ~ It • • • • • • • • • • • • 160



LIST OF FIGURES

Fig. 2.1.1

Fig. 2.1.2

Fig. 2.1.3

Fig. 2.1,5

Fig. 2.1.6

Fig. 2.1.7

viii

PAGE

Flow diagram illustrating
procedure for cell preparation 'co
assess the effects of growth
phase and pH of heating medium on
heat resistance of meat spoilage
lactic acid bacteria............. 39

Perspe:{ holder containing a set
of fiv~ 50 micrQ~lter capillary
tubes, showing distances between
tubes of ca. one cm •••s.......... 40

Sets of
laminar
ethanol

five capillary tubes in
£low cabinet to dry 70%

used £or surface
sterili.zation....•'"•.•.•.•••••• ,• 40

Bacterial suspension (50
microliter in quarter-strength
Ringers solution is drawn into a
capillary tube 'using the SOCOREX
micropipette G......... 41

Heat sealing
containing
bacterial

of capillary tube
50 microliter

suspension highlighting
distance of ca. four to five cm
of suspension from heated end.... 41

Cooling the
capillary
microliter

end of a heat sealed
tube containing 50
bacterial suspension

in water . -. •• eo •• ~ 42

of bacterial
submerged 50
tubes in a
circulating

Heat inactivation
suspension in fully
microliter capillary
t,hermostat-controlled
water bath ..... lit ..... It ••••••• \to .. • • • 42



Fig. 2.1.8

Fig. 2.L9

Fig. 2.1.10

Fig. 2.1.11

Fig. 2.1.1~~

Fig. 2.1.13

ix

PAGE

Thermostat-ccmt.rolled
water bath with
mercury therttlometer
3100 microprocessor
used for heat

circulating
conventional
and Jemgay

thermocouple
inactivation

studies" ., " ,.. . . 43

Capillary tubes after heat
treatment are cooled by fully
submerging in melting ice........ 43

DOWll' a-type homogenizers used to
crush capillary tubes to dilute
and enumerate bacteria after heat
inactivation....u................ 44

Set of
capillary

five 50 microliter
tubeE; crushed in a

Down' s-type homoqend zez-
containing 2,25ml sterile
quarter-strengt~1!Ringers solut:ion
(10-1 dilution}................ 44

Flow diagram illustrating
procedure for cell preparation to
assess t:he effect of l,0% TWlsen
80 in heating medium on c~:!ll
clumping during haat inactivation
of Lactobacillus sake............ 45

Linear regressions of triplicate
data sets of log CFUml'''lW3.

heating time for ;Lq.
mesenteroides (a) and Lb. sake
(b) heated in the early
logarithmic growth phase (pH 6,2)
at 63°C (1) and 5'7°C(2)......... 46



Fig • :~.1> 1.4

Fig. 2.1.15

Fig. 2.2.1

Fig. 2.2.2

Fig. 2.2.4

x

PAGE

Linear r.e~gressions of triplicate
data sei:s o:E log CFUml"·1. vs.
heating time for. LCd
mesent,eroijles (a) and Lb. sake
(b) heated in the late
logarithmic growth phase (pH 6,2)
at 63°e (1) and 57°C (2)......... 47

Ltnear regressions of triplicate
data sets of log CFuml-1 VS.
heatin(J time for Le.
mssenbar('lides (a) and Lb. sake
(b) heated in the early
logariil:hmicgrowth phase (pH s ,s)
at 63°C (1) and 57°C (2)......... 48

Phase contrast micrographs (lOOOx
magnification) of predominant
Lactobalcillus sake (a) I

Lactobapillus curvatus (b),
Leuconostoc mel;enteroides (c) and
Pediococcus (d) isolates used for
heat rSlsistance determinations... 73

Linear regression of triplicate
counts of Lactobacillus sake
heated iat 63°C (a), 600e (b) and
57°e (c) against heating time.... 74

Linear l~egression of triplicate
counts ol,f .Lactobacillus curvatus
heated at 63°e (a), 600e (b) and
57°e (c) aqa.i.nat; heating time..... 75

Linear rElgression of triplicate
counts of Leuconostoc
mesenteroilges neat.ed at 63°e (a) I

60Ge (b) and 57°e (c) against
heating tinte..................... 76



xi

PAGE

Fig. 2.2.5 Lin,ear regression of triplicate
counts of a Pediococcus strain
heat:ed at 63°C (a), 60°C (b) and
57°C (c) against heating time .... 77

Fig. 3. :L.l

Fig. 3•.1.2

Fig. 3.L3

Fig. 3.1.4

Fig. 3.1. 5

Fig. 3.1. 6

Fig. 3.1.7

Fig. 3.1. 8

Vacuum-packaged vienna sausages
packed in singles layers to a
mass of 400g..................... 109

Water cooker used to pasteurize
vacuum-packaged vienna sau.sages
in meat processing plant......... 109

Sausage core temperature
determination usi.nqa Jenway 3100
lnicroprocessor thermocouple...... 110

Draining water cooker to remove
packs of sausages after
in-packag& pasteurization........ 110

Cooling of
in melting

vienna sausage packs
ice after ~n-package

pasteurization................... III

Storage of non-pasteurized and
pasteurized sausage packs in a
low temperature incubator at aOc
for shelf life studies........... 111

Milky exudate
terminally
vacuum-packaged

drained from
spoiled

vienna sausage
pack ~. "' 41. III •••• VI.. 112

Terminally spoiled vienna sausage
pack showing severe gas
development or "blowing" ". 112



Fig. 3.1.9a

Fig• .3.1.10

Fig ..3.1.11

Fig. 3.1.12

xii

PAGE

Lactic acid bacteria (LABC),
Enterobacteriaceae (EC), yeast
(YC) counts and pH of
non-pasteurized vacuum-packaged
vienna sausages over 12S days
storage at SoC................... 113

Enterobacteriaceae (EC) and yeast
(ye) counts of paatieucLzed
(PASTl-3) vacuum-packaged vienna
sausag9s over 12S u~ys storage at
80 c ~ u .. • • • • .. • • • • • • • • • • 113

Lactic acid bacteria counts (a)
and total aerobic plate counts
(b) of non-pasteurized (CONTROL)
and pasteurized (PASTl-3)
vacuum-packaged vienna sausages

12S d t at gOCover ays s orage
i,ndi.-.::atingmicrobiological shelf
life (MSL) limit of 5xl06

-1.CFUg ••• II. ' •• fI • • • • • • • • • • • • • • • • • 114

Appearance of non-pasteurized
(CONTROL) and pasteurized
(PASTl-3) vacuum-packaged vienna
sausages after 8 days storage at
SoC. Micr.obiologicalshelf life
of CONTROL sausages waS reached.. 115

Appearance of non-pasteurized
(CONTROL) and pasteurized
(PASTl-3) vacuum-packaged vienna
sausages after 14 days storage at
soC. Microbiological shelf life
of pasteurized sausages was not
yet reached. Microbiological
counts in CONTROL packs reached
~. log 8,0 CFUg-1......•..•... 115



Fig. 3.1.13

Fig. 3.1.14

Fig. 3al.15

Fig. 3.1.16

xiii

PAGE

Appearance of non-pasteurized
(CONTROL) and pasteurized
(PASTl-3) vacuum-packaged vienna
sausages after 63 days storage at
Soc. Microbiological shelf life
of PASTI samples w~s almost
reached ..•.... II 0 It • J.1t5

Appearance of non-pasteurized
(CONTROL) and pasteurized
(PASTI-3) vacuum-packaged vienna
sausages after 114 days storage
at Soc. Uicrob;i010gical shelf
life of PAS'l'iand PAST2 samp:Les
was surpassed. Microbiological
counts in PAST1 packs reached ca.

-1log 8,0 ClUg .•.•......•...... 116

Appearance
(CONTROL)
(PASTI-3)
sausages
at aOc.
life

of
and

non-pasteurized
pa~teurized

vacuum-packaged vienna
after 121 days storage

Microbiological shelf
alJ pasteurizationfor

treatments was surpassed.
Microbiologi~~l counts in PASTI,
2 & 3 packs reached ca,_log a I a

-1CFUg " ...... It ••••••••• II •••• e .. • • • • 117

Appearance of non-pasteurized
(CONTROL) and pasteurized
(PASTI-3) vacuum-packaged vienna
sausages after 128 days storage
at 8°C. Samples of all
pasteurization treatments showed
spoilage symptoms.•e............. 117



Fig. 3.2.1

Fig. 3..2.2

Fig. 3.2.3

xiv

PAGE

Characterization for thekey
identification of predominant·
lactic acid bacteria from
pasteurized and non-pasteurized
vacuum-packaged vienna sausages
(after von Holy et al., 1991b)... 152

Phase contrast micrographs
illustrating morphological
differences between lactic acid
bacteria from pasteurized and
non+pas'ceur ized vacuum-packaged
vienna sausages, showing
rod-shaped heterofermentative Ca)
and homofermentative (b-f)
lactobacilli by increasi.ng cell
lengtb. Note :;.urvedrods (b) and
club-shaped rods (c), typi<:alfor
morphologies of Lactobacillus
curvatus and Lactobacillus
coryneformis, respectively
(DykesI 1991).................... 153

Phase contrast
morophologically
acid bacteria

micrographs of
different lactic
isolated from

pasteurized and non-pasteurized
vacuum-packaged vienna sausages,
showing coccoid and coccobacillus
shaped pediococci (g & h,
respectively) and coccobacillus
shaped leuconostocs (i & j). The
one Leuconostoc isolate (i)
showed distinct tendency towards
chain formation, described as
typical for Le. mesenteroides
(Dykes, 199~). Cell division in
two plains, characteristic for
Pediococcus (Sharpe, 1979) could
be observed to result in the
formation of tetrads (g & h)..... 154



Fig. 3.2.4

xv

Distribution of mi.crobial groups
associated
(CONTROL)
(PASTl-3)
sausages

with non-pasteurized
and pasteurized

vacuum-packaged vienna
stored at gOC for 128

PAGE

days iii • • • • • • • 155



xvi

ACKNOWLEDGMENTS

Hereby I
following
would not

would like to express my sincere gratitude to the
persons and institutions, without whom this study

have been possible :

To my supervisor, Dr. Alex
enthusiasm and encouz aqementr
study. For his ingenuity
perfection.

von Holy, for his advice,
throughout the course of the
a.nd infec',.:-·vestrive J;or

To Gary Dykes for his greatly appreciated help and many
interesting discussions, subject related or other.

To Dieter Meissner, Mike Jenkin and Solly !.fotsoenefor
their input into the study and their assistance during
sausage pasteurization trials.

To Sharon de Wet for her assistance with Clostridium
Lderrt.Lf LoatiLon ,

To Dr. Denny Meyer for her help with statistical analysis
of data.

To Margaret Grant for her friendliness and efficiency in
organizing, loaning or.repairing urgently needed materials.

To the secretaries Fi and Isobel for their much appreciated
assistance.

To my fellow students Maria Papathanasopoulos, Paula
Gibson, Maria Paximadis, Sarah Salm, Cathy Bailey, Elana
Coreejes, Lindy Marshall, craig st. John Ayre, Gus Bouwer
and Clint Viljoen for making life in the laboratory
interesting and fun.

To our department technicians Peta Basford, Lynn Rogers and
Cheryl Widdeger for their friendly help.

To my wife ute and mother Carla, for their love, devotion
and support throughout often difficult student years.



xvii

To my parents in law Gre~el and Leo, for their interest and
support.

A special word of thanks also to my wife ute, for the
monumental task of typing and preparing this document. For
her willingly sacrificing so much of her .free time to
produce a professional document.

To Enterprise Foods,
witwatersrand for the
study possible.

the FRD and the University of the
financial support which made this



1

CHAPTER ONE

INTRODUC'I'ION
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1.1 Microbial ecology of vacuum-packaged processed
meats

1.1.1 Definition of processed meats

Processed
either be
form of
usually
spices
Tompkin,

meats are salted, or salted and cured. They may
raw ot'cooked and are commonly subjected to some

mechanical disruption during processing. They
contain a variety of additives sllchas starch,
and nitrite (Dodds and collins-Thompson, 1984;
1986). Processed meats include products ~uch as

ham, bacon, corned beef I Luncheon meats as well as raw I

fermented and cooked emulsion-type sausages (Egan, 1983;
Genigeorgis, J.984; Tompkin, 1986). 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 fina.l
processing step, in order to delay spoiJage and incrnase
shelf life (Sharpe, 1962; Mukherji and Qvist, 1981)"
Vienn~ 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
sausagBs and sausages are packed into gas impermeable bags
and vacuum-sealed for refrigerated distribution and storage
(Dykes e't al., 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 6,0), 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 vacuum-packaged
emulsion-type sausages

Raw meat emulsion used in -themanufacture of emUlsion-type
sausages is contaminated with a wide variety of
microorganisms such as yeasts, molds, Enterobacteriaceae,
Brochothrix (~.) thermosphacta and lactic acid bacteria
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(Borch et al., 1988; Dykes et al., 1991). Lactic acid
bacteria (LAB) and ~. thermosphacta have been reported to
occur at levels of ca. 103 105 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 aaus.aqas az'einitially contaminated by a wide
variety of microorganisms, the type, time and temperature
of cooking processes employed during manufacture directly
influence the resultant microbiological population of the
finished 'product (Heizler et al., 1972; Carr and Marchello,
1986). Since cooking of processed meats raises the core
temperature to at least 60cC and frequently above 70cC,
vegetative microorganisms present i11 the product are
destroyed (Carr and Marchello, 1986). Smoke-cooking of
vienna sausages, for example, was capable of destroying the
majority of microorganisms present in the raw emulsi0~
(Mukherji and !;;v-ist;1981; Dykes et. al., 1991). Thus
vacuum-packaged emulsion-type sausages are usually 1.0\':

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 subsequent handling or slicing
of product (Allen and Foster, 1960; Fruin et al., 1978;
Nielsen and Zeuthen, 1984a,b; Korkeala and Lindroth, 1987;
Makela and Korkeala, 1987; Borch et al., 1988; Dykes et
al., 1991).

Vacuum-pa~kaged emulsion-type sausages and other processed
meats have been reported to become recontaminated by
diverse microbial populations including Gram-positive
cocci, yeasts, Enterobacteriaceae and pathogens such as
Bacillus (Ba.) cereus, stanhylococcus (~.) aureus,
Escherichia coli, Salmonella spp. , Clostridium {g.)
perfringens, Listeria (~.) monocytogenes and Yersinia
enterocolitica (Duitschaever, 1978; Fruin et gl., 1978;
Paradis and Stiles, 1978; stiles and Ng, 1979; Nielsen and
Zeuthen, 1985; Kokubo ~t al., 1986; Tompkin, 1986; Schwartz
et al., 1988; Rorvik and Yndestad, 1991; von Holy at al.,
1992). In addition, spoilage microorganisms such as B.
thermosphacta and LAB also recontaminated sausages after
heat processing (Allen and Foster, 1960; Egan et al., 1980;
Borch et al., 1988; Dykes et al., 1991).
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1.1.3 Factors influencing microbiological spoilage of
vacuum-packaged emulsion-type sausages

The microbial spoilage ecology of vacuum-pack~ged
emulsion-type sausages subsequent to initi~l contamination
is influenced by a number of factors. These select which
microbial groups will predominate in the spoilage
populat.ion (Tompkin, 1986). Such parameters are either
intrinsic, extrinsic or processing factors acting
interje~)endently(Scott, 1989). Intrinsic fa~tors are
pr~me determinants in establishing the eilvironmentin which
microorganisms compete for dominance. They include
chemical, physical and biochemical characteristics such as
nutrient composition, pl", water activity (aw),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 emulsion-type sausages and other processed
meats are ca. 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-associatedpathogens such as .Q*
b0tulinum, .Q. perfringen' _g. aureus, Ba. cereus and ~.
IDonocytogenes (Riemann et al., 1972; Sofos et al., 1979;
Christiansen, 1980; Shchamat et al., 1980; Nielsen and
Zeuthen, 1984b; Buchanan, 1986; Scott, 1989). While
nitrite also inhibited the growth of spoilage
microorganisms such as ~. thermosphacta, Enterobacteriaceae
and Moraxella, inhibition of Gram-positive coccil 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
microorganisms such as Pseudomonas spp., while facultative
anaerobic Enterobacteriaceae could grow (Silliker et al.,
19HO).

Extrinsic factors are
pr-ooaasi.nq condi,tions I

mainly
for

concerned with storage and
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 semi-preserved,
refr.igeration is generally required to retard the growth of
cprrcanrlriatii.nq microorganisms. Thus in properly
refrig~rated products, bacterial populations growing during
storage of processed meats will predominantly consist of
psychrotrophic species (species capable of growth at SoC),
while the growth o~ mesophilic pathogenic species such as
~. botulinum (Types A and B), ~. perfringens, Salmonella,
Q. aureus or ~a. ce~ would not be expected (Paradis and
Stiles, 1978; Stiles and Ng, 1979; Niels'1n and Zeuthen,
1984a,1985; Buchanan, 1986; Scott~ 1989).

Packaging is an important extrinsic factor since it
directly influences the atmosphere and thus redox potentia.l
to 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 retards the growth of aerobic ()r
non-competitive facultatively anaerobic species (e.g..,
Pseudomonas, Brochothrix and Moraxella) while enhancing tIle
growth of microaerophiles such as Lactobacillus and yeas1:.s
(Buchanan, 1986; Schillinger and Lucke, 1988).

I
(I

Processing fac":.ors are procedures applied during foc:>d
manufacture that affect microbial contamination, survival
and growth (Scott, 1989) . Heating of product was
previously 'mentioned to be an important factor affecti:ng
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 Clostridium are well-'known to survive heat
processing of processed meats (Houhen, 1982; Nielsen and
Zeuthen, 1984a,b; Buchanan, 1986; Kokuho gt al., 1986).

(I

1.1.4 Spoilage of vacuum+packaqed emulsion-type aausaqes
by lactic acid bacberia

Lactic acid bacteria constituted l!:>winitial numbers on
processed meat products, when compared to other microbial
groups such as Micrococcus and Pseu:io:monas(Borch et aJk,.,
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1988; Dykes et al., 1991.). Reuter (1969), however, found
that regardless of initial numbers, LAB became the
predominant spoilage populations of vacuum-packaged
processed meats. Numerous studies also ,lmplicatedthe LAB
as predominant spoilage populations of vacuLUm-packaged
emulsion-type sausages, growing to high numbers (c~. 107

108 CFUg-1) during refrigerated storage (Sharpe,
1962; Nielsen, 1983; Korkeala et al., 1985; Holzapfel and
Gerber, 1986; Korkeala et al., 1987; Borch gt al., 1988;
Zurera-Cosano et al., 1988; von Holy et alar 1991a,b: von
Holy and Cloete, 1992). Recontamination of emulsion-type
sausages by LAB from environmental sources occurred after
heat processing as a result of manufactiurLnq processes and
handling (Borch et al., 1988: Dykes et al., 1991). This
was reinforced by observations that spoilage populations
were surface associated and did not originate from internal
sources (Korkeala and Lindroth, 1987; von Holy et al.,
1988). Contamination of Gausages by heat resistant Lt\..B
surviving the cooking processf however, was reported on a
few occasions (Niven et al., 1954; Milbourne, 1983; Borch
et al., 1988).

When the growth of aerobic spoilage microorganisms such as
Pseudomonas spp. is inhibited due to the use of low
permeability packaging naterials, the microaerophilic LAB
can proliferate (Kitchell and 'Shaw', 1975; Egan, 1983;
Buchanan, 1986; Schillinger and Lucke, 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
gl::'owthof LAB resulted in a pH decrease to levels
sufficient to inhibit growth of other potential spoilage
microorganisms such as li. t~ermosphacta and the
Enterobacteriaceae (Schillinger and Lucke, 1988). The LAB
themselves may, however, tolerate pH values as low as 4,0
(Silliker et al., 1980; Franz et al., 1991). 'rhe
establishment of LAB as the pr-edomi.nant;spoilage
populations of vacuum-packaged emulsion-type sausages and
other processed meats may also result from their
antimicrobial activities. Lactic acid bacteria are known
to produce antimicrobial compounds such as diacetyl and
bacteriocins, which are inhibitory to the growth of a
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variety of micrcorganisms such as yeasts and molds,
clostridia, l!. monocytogenes and ,3. aureus (Tagg et a1.,
1976; Jay, 1932; Nielsen and Zeuthen, 1985; Wang et al.,
1986; Klaenhammer, 1988; Harris at al., 1989; Schillinger
and Lucke, 1989; Spelhaug and Harlander; 1989; Schillinger
and Holzapfel, 1990; Berry et al., 1991; Hastings and
stiles, 1991: Okereke and Montville, 1991;
Papathanasopoulos et al., 1991; Schillinger et al., 1991;
Degnan et al., 1992; Motlagh et a1., 1992; van Laack et
a1., 1992).

In most spoilage associations of vacuum-packaged processed
meats members of the genus Lactobacillus (atypical
streptobacteria) predominated (Reuter, 1981: Holzapfel and
Gerber, 1986; Morishita and Shirdmizu, 1986), but were
often accompanied by the enterococci, leuconostocs:
pediococci and sl,::reptococciin varying proportions (Reuter,
1981; von Holy and Cloete, 1992). In spoiled,
vacuum-packaged vienna sauoages (VPVS) the hOlllOfermel1tative
lactobacilli and leuconostocs dominated among spoilage LAB,
jointly comprising S4,3% of total LAB populations (von Holy
et al., 1991b). Von Holy e~ 91. (1992), therefore, argued
that control measures against the spoil.:-geof VPVS should
be aimed specifically at hcmofermentative lactobacill.i and
leu.conostocs.

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

Spoilage of vacuum-packaged emulsion-type sausages w~s
characterized by milky, watery exudates, sour "off Ii flavors
and gas which caused packages to blow (Borch et al., 1988;
Korkeala et al., 1988; von Holy et S!.l.., 1991bi von Holy and
Claete, 1992). All these defects result in products
unacceptable to the consumer and thus represent an economic
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
economic importance to achieve control over the
microbiological spoilage of these product.s.
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1..2 control st'.rategiesfor vacuum-packaged emulsion-type
sausaqe spoilage

Although numerous preservation methods are used to make
processed meats shelf-stable and safe, they are based on
relatively few parameters (hurdles), i.e. F (high
temperature), t (low temperature), aw (less available
water), pH (sufficient acidification), Eh (z'educed oxygen
potential), preservation (e. 9., nitrite, smoke, CO2) 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 prcducts, so that
undesirable microo~ganisms 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 indivioi;.al
hurdles would exert a synergistic ~ffect on the
microbiological stability of the product (Leistner, 1987;
Scott, 1989).

Li~ited 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 OL
microorganisms, including LAB (Buc::hanan,1986; Franz et
ale, 1991). Furthermore, meat spoilage LAB were shown to
be psychrotrophic and capable of growth at 5°C,
mi~roaerophilic as well as resistant to inhibition by
smoke, nitrite and salt (Egan, 1983; Dodds and
CollinS-Thompson, 1984; Buchanan, 1986~ Franz et a~.,
1991). The use 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. Furthermore, product recontamination would be
prevented by the packaging material. Only microorganisms
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capable of surviving the in-package pasteurization process,
therefore I would be capable of causLnq product spoilage
(von Holy et al., 1991a).

1.3 Control of mil'::robiological:Cood spoilage by heat
treatment

1.3.1 Pasi:eurization 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 mild 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 most vegetative
cells of microorganisms that cause spoilage of a food
product. For some foods, therefore, the prinCipal
objective of pasteurization is to reduce the level of
specific spoilage microorganisms, so that the products may
have adequate shelf life (Silliker 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, additional
control parameters such as low temperature storage, acidity
or reduced ~ may be necessary (Silliker e~ al., 1980).
For pasteurization processes, temperatures below lOO°C are
generally us:.:d,in order to prevent overprocessing of foods
which can lead to unacceptable losses in both food quality
factors (color, flavor and texture) and nutritional value
(Silliker et .sl., 1980; Witter, 1983).

In practice, in-package pasteurization was used
successfully to delay spoilage and increas~ the shelf life
of vacuum-packaged foods such as hot pz'oc...,ss(smoked) fish
(Eklund et al., 1988), cooked pork chops (Prabhu et al.,
1988) and South African vienna sausages (von Holy et Bl.,
1991a). Von Holy et gl. (1991a) pasteurized VPVS by
Lmmer-si.nq 500g packs into a "t'latercooker held at 78 to 810 C
for twenty :minutes. Core temperatures measured in randomly
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chosen packs ranged from 52 to 57DC and peripheral
temperatures from 58 to 59DC. While in-package
pasteurization of VPvs increased shelf life of these
products by ca. fourfold when stored at 7DC, 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 quantify heat resistance of
predominant spoilage LAB in vitro to formulate appropriate
in ~itu pasteurization regimes.

1.3.2 Heat resistance of microorganisms

When microorganisms are killed by moist heat at a constant
temperature, death follows a logarithmic order. Numbers of
viable microorganisms, therefore, decrease exponentially
with time and when logarithms of survivors are plotted
against time of exposure to the lethal temperature, a
semilogarithmic straight-line survivor curve is obtained
(stumbo, 1965; Allwood and Russell, 1970; Cart, 1977;
Silliker ~t a~., 1980; Witter, 1983; Jay, 1986; Pflug,
1987; Boyd, 1988; Muller, 1989). From this curve the
decimal reduction time (D) value is determined as the time
required at given temperature 'to destroy 90% (one log
cycle) of microorganisms. The D-value, therefore,
mathematically equals the slope of the survivor curve. By
plotting logarithms of D-values a.gainst corresponding
heating temperatures, a. thermal death time (TOT) curve is
obtained. The z-value is defined as the number of degrees
Celsius l:'equiredfor the TOT 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;
Silliker et al., 1980; Witter, 1983; Jay, 19B6~ Pflug,
1987; Muller, 1989). The z-value, 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 a1., 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, spore forming 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 3SoC
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 require ca. 70°C for
their destruction (Silliker et al.t 1980).

Heat resist.ance data on meat spoilage LAB are largely
lacking, but isolated reports showed that LAB surviving
heat processing had high D-values and were therefore
unusually heat tolerant (Houben, 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 et al., 1991). These LAB were, therefore, expected
to have lower heat resistances than thermotolerant LAB
(Houben, 1982; Sanz Perez e~ al., 1982; Milbourne, 1983).
Heat resistances of spoilage LAB recontaminating processed
meat products after heat processing are therefore expected
to compare better to those of J~B involved in spoilage of
beer and citrus juices (Adams et al., 1989; Parish, 1991;
Table 1.1), since the latter bacteria stemmed from
inadequately pasteurized beer and non-pasteurized citrus
product, respectively. FUrthermore, since LAB are closely
related to Listeria monocytogenes (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) might also compare favorably to those of
meat spoilage LAB.

In genera]., z-values for most vegetative bacteria range
from 4 to 6°C (Hansen and Riemann, 1963; Tomlins and Ordal,
1976). Experimentally determined D- and z-values allow the
calculation of time/temperature combinations that will
effectively inactivate spoilage microorganisms (Silliker et
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1980). There are, however, a number of factors which
the heat resistance of microorganisms and need to be

into account in heat resistance determinations.

1.3.3 Factors affecting heat resistance of
microorganisms

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 (Silliker et al., 1980; JaYr 1986).
Furthermore, they include environmental influ~nces
prevailing during the growth of cells prior to heating.
Cell age and temperature at which bacteria are grown before
heat inactivation, for example, can affect their heat
resistance (Stumbo, 1965; Silliker 5:t al., 1980). In
addition, environmental influences during the heating of
cells, for example pi:I,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 increa.sebacterial heat resistance (Moats et al.,
:.71b; Silliker et al., 1980; Jay, 1986). Thus, these
factors need to be defined and kept consta:nt when
determining microbial heat resistance.

1.3.4 Heat.process calculations for food productis

Pasteurization or heat process calculations in the food
industry are usually based on the selnilogarithmic,
straight-line model of bacterial dea·th (Stumbo, 1965;
Moats, 1971; Clerf,1977; Pflug, 1987; Muller, 1989).. This
model relates t.he heat process (FT) value to the initial
microbial load of the food product (No), the decimal
reduction time of microorga~isms to be inactivated (DT)and the resulting microbial population after heating (Nf)
in the following way: FT = DT (log No log Nt).
The heat. process (FT) vaIue would thus be defined as t.he
time of heating at a specific temperature to reduce the
microbial load of a product to a predetermined level
(Witter, 1983). Tne 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-packaged vienna sausages are u popular food in the
South African food market and account for approximately 23%
of products manufactured by South African meat processors
(Business and Marketing Intelligence, 1985; von Holy and
Cloeter 1992). Spoilage of these products prior to the
expiry of the expected shelf life 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., 1991; von Holy et al., 1991b; von Holy and Cloete,
1992). A practical method to control the growth of
spoilage LAB and increase product shelf life is thus needed
to decrease economic losses experienced by the
manufacturers. Secondary, in-package heat treatment, in
conjunction with low temperature storage has already been
sugge~;ted as a strategy to control the growth of spoilage
LAB in VPVS and increase product shelf life (Marshall;
1991; von Holy et al., 1991a).

In previous trials involving in-package pasteurization of
VPVS noticeable shelf life increases were achieved, but LAB
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 IV basis and did not quantify the in vitro heat
resistances of meat spoilage LAB. Since previously
reported heat resistance d.ata of meat spoilage LAB only
pertained to unusually thermotolerant isolates (Niven at
al'r 1954; Houben, 1982; Milbourne, 1983; Bornh et al.,
1988i Table 1.1), this study undertook to quantify the heat
resistance of predominant LAB causing spoilage of local
VPVS in in vitro studies. Heat resistance of bacteria,
however, is known to be greatly influenced by factors such
as cell age and pH of the heating medium (st.umboI 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, 1965, Mackey and
Derrick, 1982; Jay, 1986; Magnus et al., 1988). This
study, therefore, also aimed to determine the effects of
the above parameters on heat resistance and heat resistance
determinationsof meat spoilage LAB.

since von Holy et al. (1991b, 1992) determined that
homot'ermerrca+Lve lactobacilli and leuconostocs predominated
among the LAB spoilage pop11lationsin vpvs, they suggested
that control measures against the spoilage of these
products shoUld be aimed specifically at these bacteria.
This study therefore undertook to use in vitro 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 life of VPVS, sausages were packed in
double layers which resulted in poor heat pene'crationof
packs (von Holy et al.I 1991a),. Furthermorep 'theuse 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 ~t al.,
1991a). This study, therefore, also aimed to eliminate
previous problems of unequal heat distribution, and to
achieve higher pasteurization temperatures by packing
sausages into single layers wit-hinv~cuum bags. This study
also undertook to determine the effect of higher
pasteurization
homofermentative

temperatures
lactobacilli

on the predominances of
and leuconostocs, as well as

non-LAB in pasteur~zed VPVS.

In addition, the study of von Holy et al. (1991a) did not
determine the effect of pasteurization on the predominance
and growth of pathogenic bacteria which might be present in
VPVS. This clearly required further study, especially
si.nce spores of potentially pathogenic Bacillus or
clostridia have higher heat resistances than vegetative
sp~ilage bacteria. Consequently, the effect of
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Table 1.1 SUUary of D- and z-values for spoilage lactic acid bacteria heated in various ledia.

Microorganisl D-values (.i~.) and z-values (OC) Heating leW,\iI

Lactob7!cillus D65 : 23,5 MRS broth
viridlscens

z =: 38,5
(Milbourne, 1983)

.Enterococcus D63 : 122,9 F f.,1 .. sat
faeciUl D66 : 84,8 suspension

z = 11,8
(Rouben, 1982)

streptococcus faeciUl D62 : 12,6, D63 : 6,9, Z = 3,7 0,1113-3, Dimetliy1-
streptococcus durans D62 : 19,5 z = 3,8 glutaric add buffer
streptococcus faecal is D62 : 3,3, D63: 1,6, z = 2,9 (pH 6,0)
subsp. faecalis
streptococcus faecal is D62 : /(8 Z = 2,2
subsp, li<rnifaciel15

(san! Perez at al., 1982)
heterofermentative D60 : 2,6; D65 : 0,8 )Jcoho1 free
T.actobaciJ.ly§ « 0,05% ethanol)

z = 12,1
I

lager beer
(Adm; at al., 1989)

Lactobacillus plantarum D53 : 1,9 Grapefruit serum
Lactobacillus pseudoplantaruJ D53 : 0,6 adjusted to 170
Leuconostoc mesp~teroides D53 : 1,5 Brix with glucose

(Parish, 1991)
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Table 1.2 Summa!'J of D- and z-values for Listeria (1.) monocytggenes heated in milk.

Hic:coorqanism D-values (min.) and z-values (Oe) Heating mediUlli
1.monoc~tQgenes D63 3 : 0,3; D57 8 : 4,8 z = 6,3 Raw whole 1iilk
Scott A D6/3 : 0,6; DS71S: 4,3 z = 615 Sterile whole milk I

D63:3 : O,4i D57:S : 4/1 z = 6,5 sterile skim milk
(Bradsr.awet al., 1985; 1987)

1. ~onocytogenes D62,7 : 0,4, z = not determined
19113 I

1. lllonoCnQgenes D62,7 : 0,4, z = not determined Sterile whole milk
19115

1. monocytogenes D62,7 : 1,0, z ~ 4,3
F5069

(Donnelly and Briggs, 1986) ,-
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CHAPTER TWO

IN VITIm HEAT RESISTANCE
OF MEAT SPOILAGE LACTIC ACID BACTERIA



19

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 (Lb.) sake and a Leuconostoc (Lc.)
mesent~roides strain from spoiled, South African
vacuum-packaged vienna sausages were quantified. Heat
resistances at 57 and 63°C in quarter-strengthRingers
solution did not differ significantly between cells grown
to either early or late logarithmic growth phase, or
between he:ating media adjusted to pH 5,8 or 6,2. After
heat resistance determinations,viable plate counts 011 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 respect to heat resistance.
Prevention ot cell clump formation during heating by adding
1,0% TWeen 80 to the heating medium proved unsuccessful,
since the detergent accelerated. bacteri.al 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 assesse.d 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 consist of meat, sugar,
sodium nitrite (or nitrate) and spices (Price and
Schweigart, 1971). The emulsion is filled and cooked in
impermeable artificial casings (Hallerbach and Potter;
1981, Korkeala et al.~ 1989, von Holy et al., 1991bi von
Holy and Cloete, 1992) and sausages are often vacuum-sealed
into gas impermeable bags before refrigerated distribution
and retail (Sharpe, 1962; Ml.lkherji and Qvist, 1981; von
Holy et al., 1991b).

Numerous studies have reported 'the lactic acid bacteria
(LAB) as predominant spoilage populations of
vacuum-packaged emulsion-type sausages (Allen and Foster,
1960; Sharpe, 1962, Mukherji and Qvist, '1981; Nielsen,
1983; Korkeala at al., 1987; Barch et al., 1988;
Zurera-Cosano et al., 1988; von Holy et al., 1991b; von
:loly and Cloete, 1992), reaching high numbers of ca. 107

108 colony forming units per gram (CFUg-1) during
extended refrigerated storage (Kempton and Bobier, 1970;
Hallerbach and Potter, 1981; Nielsen and Zeuthen, 1986;
Korkeala and Lindroth, 1987; Zurera-Cosano et al.J 1988,
Korkeala et a:I,..,1989: von Hely et a1., 1991b, von Holy and
Cloete, 1992).

spoilage of vacuum-packaged vienna sausages (VPVS) by LAB
is characterized by undesirable souri.ng, 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 economic losses to
the producer (von Holy and Cloete, 1992). It was therefore
considered necessary to control the growth of spoilage LAB
in these products.

Preservation methods to make meats shelf-stable and safe
are based on relatively few parameters or hurdles: F (high
temperature) , t (low temperature) f aw (less available
water), pH (sufficiellt acidification) I Eh (reduced oxygen
potential) , preservation (e.g., nitri te, smoke. CO') and

c.

radiation (e.g., gamma rays) !Leistner, 1987). Only
limited opportunities, however, exist to manipUlate such
hurdles to control growth of spoilage LAB in



21

vacuum-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; HoLzapf'e L and Gerber, 1986; Fran:Get
al., 1991). Consequently, high temperature (F) represents
an attractive alternative for controlling the gro111thof
spoilage LAB by lowering the initial numbers of these
contaminants through a secondary or in-package
pasteurization process. This control option appears viable
since Bell (1983) noted that the si~e of spoilage
populations surviving a pasteurizatic:m prr,..:;esswas
inversely related to the severity of the heat treatment
applied and, furthermorE'\,recontamination of product ~()uld
be prevented by the packaging material. Thus, spoilage
could only be caused by microorganisms surviving the
pasteurization process.

Successful pasteurization processes for food products are
best based on the semilogarithmic, straight-lin~ .aode L of
bacterial destruction (Pflug, 1987), which to date provides
the basis of most thermal process calculations in t~e food
industry (stumbo, 1965; Moa.ts, 1971; Cerf, 1977). This
method is based on the assumption that microorganisms
exposed to moist heat at a constant 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 aqadnat; time of exposure to a constant lethal
temperature I a straight-line survivor curve should be
obtained. Two deviations from the logarithmic order of
bacterial death have, however, been reported when bacteria
are heated at a constant temperature. 'l'hefirst (described
as convex survivor curves) is characterized by initial
lags in death ra'Ces of bacteria I whereas the second
(described as concave survivor curves) is characterized
by an initial rapid death rate followed by a decrease in
bacterial death rate (Stumbo, 1965: Dabbah at al., 1971a,bi
Moats et al., 1971ai 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 heati~9 (concave cuz-vas)
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(Stumbo, 1965; Cerf, 1977; Witter, 1983).

When bacterial death at constant, high temperature follows
a logarithmic order, the decimal reduction time {D} value
may be det.ermined from straight-line survivor curves. The
D-value is 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 cycle) of microorganisms, and is mathematically equal
to the slope of the survivor curve (Stumho, 1965; Allwood
and Russell, 1970; Cerf, 1977; Silliker et al., 1980;
Witter, 1983; Jay, 1986; Pflug, 1987; Boyd, 1988; Muller,
1989).

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 cells, b) environmental influences
prevailing during growt.h 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, aw' type
of suspension medium, salts and other organic and inor.ganic
compounds ) (stumbo, 1965 i Silliker et a1. I 1980).

Generally, bacteria ar,~ most heat resistant when grown at
their maximum growth temperature and when heated in a
medium at their opti.nlUmgrowth pH. Below and above these
values, heat sensitivity increases (Hansen and Riemann,
1963: Stumbo, 1965: Dega at al., 1972: Silliker et al.,
1980: Verrips at al., 1980; Ng, 1982; Sanz Perez et £1,1..,
1982: Witter, 1983; Jay, 1986: Humphrey, 1990; Linton et
~l., 1990; Bhaduri et al., 1991; Smith et al., 1991). Heat
resistance of bacteria is also influenced by cell age, and
bacteria are generally more heat resistant in the
stationary than in the logarithmic phase of growth (Dega et
al., 1972; Silliker et al., 1980; Houben, 1982; Jay, 1986;
Palumbo et al., 1987; Kornacki and Marth, 1989; Linton ?t
al., 1990; Boutibonnes et al., 1991; Condon et al., 1992).
Furthermore, bacteri_al heat; resist.:tnce increased with
decreasing aw of the heating medium. However, not only
water activity, but also the type of solute used to
decrease water activi'ty affected bacterial heat resistance
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(Goepfert at al., 1970; Corry, 1974: Silliker et 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 al~o increase or
decrease heat resistances (Stumbo, 1965: Moats et al.,
1971b), but variable effects of different media components,
singly or in combination, make generalization impossible
(Silliker et al., 1980)~ The nutrient conditions of
post-heating ~ecovery media also influence heat resistance
determinations, and recovery of sublethally injured cells
is enhanced on nutritionally rich, non-selective media
(Busta, 1978; Mackey and Derrick, 1982; Buchanan et al.,
1988; MagllUset sl" 1988 i Crawford et al., 1989; Bailey et
ale , 19'90; Harrison and Huang I 1990 ; Smith and Dell,
1990) •

Thermal process calculations for canned fOI.)ds or
vacuum-packaged processed meats have been based on the
semilogarithmic model of bacterial destruction, which takes
into account the heat resistance or D-values of the
pa:r'ticuJ.ar microorganisms targeted for inactivation
(stumbo, 1965; Cerf, 1977~ Pflug, 1987: MUller, 1989).
Lactic acid bacteria, particularly homofermentative
lactobacilli and leuconostocs are predonLinant spoilage
popUlations of South African 'VPVS (von Holy et ~.,
1991b). ~~condary or in-package heat process
determinations for these products should, therefore, be
based on thermal resistance data pertaining to the above
genera. Since bacterial heat resistance determinations are
influenced by factors sunh as age of cells, heating medium
pH and type of recovery medium, this study df.lterminedthe
effect of these parameters on the in vi.troheat resistance
and recovery of spoilage LAB from processed meats. As cell
clumping during heat; inactivation of microbial cells
results in non-logarithmic survivor curves (stumbo, 1965;
Carf, 1977; Witter, 1983), detergent addition to counteract
this phenomenon was evaluated.
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2.1.2 MATERIALS AND METHODS

2.1.2.1 Culture selection and maintenance

Lactobacillus (Lb.) sake (lA73C) and Leuconostoc (Lc.)
mes~nteroides (lA15b) were identified as calculated mean
organisms by numerical analysis of phenotypic
characteristics of 61 predominant spoilage LAB from VPVS
(DykesI 1991). These strains were regarded as the most
representative of previously described, predominant LAB
spoilage populations of VPVS (von Holy et al., 1991b).
Freeze dried stock cultures were grown in MRS Broth
(BIOLAB) at 25°C for 48 hours and streal::edonto MRS Agar
(BIOLAB) to check for purity. working cultures were grown
up in litmus milk {100g litmus milk (BIOLAB); 50g calcium
carbonate; lag glucose: 2,5g 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.

2.1.2.2 Preparation of inoculum cultures

For heat resistance experimentation "seed" (inoculum)
cultures were prepared to obtain inocula with sUfficient
cell densities to allow for fast growth. Inoculum cultureS
were prepared by transferring one loopful 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 h~at resistance

To determine the effect of growth phase on LAB heat
resistance, one ml of an inoculum culture (2.1.2.2)wa~
used to inoculate 50ml MRS Broth. Cultures were then grown
to either the early or late logarithmic 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 growth
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
ca. log 7 I 00 CFU ml-1_ Standardization of bacterial
inoculum density for heat resistance studies was necessary,
since heat treatment parameters such as temperature, medium
compositi.on and concen+ratrlon 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 inoculum culture (2.1.2.2) was
used to inoculate 50ml of MRS Broth, and the culture was
grown to the early logarithmic growth phnse (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 dens~.·.Y to ca. log 7,00 CFU ml-1. To assess the
effect of suspension medium pH 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 value of 6,2 was chosen since
unspoiled vienna sausages have typical pH values of ca. 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 ~l.,
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 affe,cting organoleptic characteristics was pH 5,8
(M.A. Jenkin; pers. comm.)*, in vitro heat resistance of
LAB was also determined at;pH 5,8.

* M.A. Jenkin, Enterprise Foods, P.o. Box 570,
1400 Germiston, South Africa.
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2&1.2.4 Heat resistance determinations

Consequently, LAB heat resistance wa.s determined at the
early and late logarithmic growth pha.ses in QSRS at pH 6,2
(Fig. 2.1.1), and in the early logarithmic growth phase in
QSRS at pH 5,8 (Fig. 2.1.1). Quarter-strength Ringers
Golution 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 et al~f 19ROi Jay,
1986) .

After preparing cells for heat resistance determination
(Fig. 2.1.1), 50 microliter aliquots of bacterial
suspension (ca. 1x107 CFUml-1) were drawn into st~rile
glass capillary tubes of 125mm length and 1,4mm (± O,007mm)
internal diameter with a wall thickness 0,2Sl!\llI.(SOCOREX -
Switzerland, Figs. 2.1.2 & 2.1.3)1 using a micropipette
(SOCOREX switzerland, Fig. 2.1Q4). Capillary tubes were
heat sealed on both ends (Fig. 2.1.5), ensuring a ca. four
to five cm distance of the bacterial suspension from the
flame. After heat sealing each capillary tube end, it was
immediately cooled in water (Fig. 2.1.6). Capillary tubes
were placed ln specially constructed perspex holder~ (Fig.
;; • J•• 2) with spaces of at least one em between tubes ,to
allow for equal heating and unobstructed water flow. The
construction of these holders also ensured that capillary
tubes were fully submersed in water during heat exposure.

Five r.3plicate capillary tubes were used at each of six
time intervals to heat bacterial suspensions at
temperatures of 63 or 57°C in a circulating,
thermostat-controlled water bath (Fig. 2.1.7). Heating
time intervals varied 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 ca. 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 cvllsidered not to
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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 conver.:tionalmercury thel.lllometerand 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 o°C for five seconds
(Fig. 2.1.9). capillary tubes were then surface sterilized
by immersing tl1em in 70% ethanol for 20 minutes and air
dried in a Lamd.naz' flow cabinet (Fig. 2.1.3) •

sterile
2,25ml
(10-1

set of five capillary tubes was transferred to a
Down's-type homogenizer (Fig. 2.1.10), containing

sterile QSRS, and crushed by grinding for one minute
dilution) (Fig. 2.1.11). This 10-1 dilution was

Each

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. A control set of five capillary tubes was
analyzed by identical procedures, but not subjected to heat
treatment. Plates were incubated at 25°C for 48 hours and
those showing between 30 to 300 CFU (or highest number if
under 30) were counted. Counts from triplicate p\ates were
meaned and converted to logarithms. In order to increase
statistical significance of heat resistance data, all
variables (growth phase, pH; Fig. 2.1.1) were tested three
times on separate occasions.

2.1.2.5 Effect of detergent on cell clumping during
heating

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

* M.A. Jenkin, Enterprise Foods, P.O. Box 570,
1400 Ge>rmiston, South Africa.
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inoculate 5Om]. MRS Broth. The culture was grown to the
early logarithmic growth phase (optical density at 550nm
ca. 0,3 to 0(5) at 2SoC 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,
(2.1.2.4).

survivors were enumerated
The effect of Tween 80 on
63°C was tested three

as described above
cell clumping during
times in separateheating at

experiments.

2.1.2.6 Effect of culture m~dium 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 inactivation 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 enumeration of survivors
O,lml volumes of appropriate dilutions were plated in
fiVefold onto MRS Agar, Modified MRS Agar (MMRS) and
Standard One Nutrient Agar (STD1) (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 survi~or counts from different media of the
three separate experiments were subjected to ANOVA with a
comparison of means.

2.1.2.7 Computationalmethad$

Log counts of survivors from triplicate heat resistance
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 square method. 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 ai., 1985; Donnelly and Briggs, 1986;
Bradshaw et al., 1987). Linear regressions and ANOVA with
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comparison of means were computed using the STATGRAPHICS
(version 5;0 STSC Inc. and Statistical Graphics
corporation) statistical software program.

2.1.3 RESULTS AND DISCUJSION

2.1.3.1 Effect of culture medium '..'>!1 recovery of heat
treated lactic acid bacteria

The effect of culture medium on recovery of ~c.
mesenteroides and Lb. sake after heating at 63 c: C is shovn
in Table 2.1.3. Mean log numbers of Lb. sake grown on MRS,
MMRS and STD 1 Agar media after fifteen seconds heating
corresponded closely (Table 2.1.3). ANOVA of survivor
counts with respect to recovery medium showed no
significant differences in survivor recovery between the
different media (p > 0,05; Table 2.1.3). Furthermore,
ANOVA with a comparison of means al$o showed no significant
differences in mean survivor counts between the different
media. The ANOVA did, however, snow a near-significant
difference (p = 0,061) between log counts frolrlthe
different media for Lb. sake after one minute's heating
(Table 2.1.3 )• Using thtdANOVA, a .·r npazLson of means of
log survivor counts after one minute's heating showed that
log survivor count.s on MRS and Mi.mSAgar were significantly
higher than on STD 1 Agar. This contradicted the finding
that mean log counts and 95% confidence intervals for the
means corresponded closely 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 ANOVA, when bacteria were heated for
either seven or 30 seconds (Table 2.1.3). Mean log
survivor counts of Lc. rnesenteroides from different media
as well as their 95% confidence intervals also showed close
correspondence (Table 2.1.3). ANOVA with a comparison of
means did not show a statistically significant difference
in log counts of Lc. mesentel:-c;rle§.on any of the media, for
either seven or 30 seconds heating time.

The choice
important

of recovery
factor in

medium has been recognized as an
bacterial heat resistance
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determinations. since growth of sublethally injured
bacteri~ is reportedly either delayed, or partial:y or
comple'tely inhibited in nutritionally defecti ve or
selective media (Busta, 1978i Mackey and Derrick, 1982;
Buchanan e~ al., 1988; Bailey et al.~ 1990; Harrison and
Huang, 1990; smith and Dell, 1990), the choice of rich,
non-selecti ve +eoove'ry media is critical (Magnus ;etal.,
1988; Crawford et al., 1989). Since heat injury affects
bacterial celi membranes, substallces which cannot pass
through intact membranes may diffuse in or out of heat
injured bacterial cells (l-ioatr:,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 compar-edto non-selective media (Moats I 1971).

MRS Agar, a nutritionally r-Lch , non-'selective medium suited
to the complex nutritional requirements of LAB (de !1anet.
a~., 1960) was, therefore, evaluated in conjunction with
the non-selective and nutritionally rich Standard One
Nutrient Agar for recovering heat treated LAB. Since the
oxidation-reduction potential of the environment reportedly
influences the recovery of heat injured bacteria (Allwood
and Russell, 197U; Linton et 'al., 1992) a Modified MRS
medium with a lower oxidation-reduc::tionpotential was also
used for recQvery studies. The lai;tertwo media were also
chosen since MMRS Agar and Standard One Nutrient Agar t-i'ere
previously used successfully in the isolation of LAB from
in-package pasteurized and non-pasteurized VPVS (von Holy
et s1.., 1991a,bi von Holy and CJ.oete, 1992).

Statistically significantly lower counts for L:~. sake on
Standard One Nutrient Agar after one minute's heating
suggested that, in this case, MRS and MMRS Agar allowed
for better cell recovery than STD1 Agar, especially after
pr-oLo,•.,;edheat treatment. Differences between Lb. sake
mean log counts after one minute's heating on STD1 Agar ~nd
HRS and MMRS Agdr, however I were small at 0,08 and 0,09
CFUml-1, respecti'lEdy (Table 2.1.3) _ Fl.1rthermore,since
the 95% confidence intervals for ~b. sake counts
corresponded closely on all media after heating for one
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minute (Table 2.1.3), the differences in counts between
STDl and both MRS Agar media, was considered to be of low
microbiological significance. Survivor counts of LAB
heated for various times thus co.mparedwell for all media
(Table :2.1. 3), which suggested that these media were
equally effective in recovering heat injured LAB. These
results were supported by previous shelf life studies on
pasteurized and non-pasteurized VPVS, where LAB counts on
MMRS Agar and total aerobic plate counts on STOl Agar
showed close correspondence (von Holy gt al., 1991a).

For fUrther in vitro heat resist.ance studies on meat
spoilage LAB, therefore, ei.th,erof the culture media tested
could be used to recover heat treated bacteria. As ~S
Agar, however, is fr:rmulat:.ed to suit the specific
nutritional requirements of LAB (de Man et al., 1960), this
medium was preferred to STOl Agar for fUrther heat
resistance studies. MRS Aqar Nas also preferred to MMRS
Agar for reasons of lot-Jercost and simplici ty of
preparation.

2.1.3.2 Effects of growth phase and pH of heating medium
on heat resistance c)f lactic acid bacteria

(I

D63 and 057 values fo:r Lb. sake in the early
logarithmic growth phase werc~ 32;5 and 52,9 seconds in QSRS
(pH 6,2), respectively (Table 2.1.4). These were higher
than D63 and 957 values of 28,9 and 42,1 aeoonds ,
respectively, for the late logarithmic growth phase (Table
2.1.4) . For Lc. mesenter(.)ides in the early logarithmic
growth phase and in QSRS at pH 6,2, D63 flnd057 values
were 20,2 and 34,9 seconds, I'espectively (TabL':!2.1.4). In
this case, cells in the late logarithmic growth phase had
higher D-values than cells in the early logarithmic growth
phase, and 063 and 057 values were 23,9 and 43,0
seconds , respectively (Table 2.1.4). This suggest.ed that.
Lb. §gke was more heat resistant in ~he early logarithmic
growth phase, while Lc, mesenteroides was more heat
resistant in the late logarithmic phase. overlapping 95%
confidence intervals for D-·values at 57 and 63°C of both
bacteria for both growth phases (Table 2.1.4)y however,
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suggested that differences in D-values
growth phases were not statistically

'*Meyer, pers. corom.) .

at the d.if f ez-e,
significant (D.R.

Heat resistance of microorganisms is influenced by the
growth phase (Silliker et al., 1980: Jay, 1986) and
bacteria such as staphylococcus aureus, Aeromonas
hydrophila and Listeria mQnocytogene~ were most heat
resistant i.n the stationary phase of growth (Palumbo et
al. , 1987; Kornacki and Marth, 1989; Linton et al. I 1990).
Similarly I Boutibonnes et al. (1991), snowed that
Lactococcus lactis was more heat resistant in the
stationary than logarithmic phase of growth. Moats et al.
(1971a} argued that changes in bacterial heat resistance
with cell age are determined by changes in cell
physiology. Results of our study, therefore, suggested
that the phY5ioiogies of cells grown to early and late
logarithmic growth phases were similar and, therefore, no
significant differences in cell heat resistanc~ were
observed.

Vienna saUE::ages and other processed meats can be
contaminated with low levels of spoilage LAB from
environmental sources after heat processing (Paradis and
stiles, 1978; Steele and Stiles, 1981; Nielsen and Zeuthen,
1984a; Borch et SLl., 1988; Dykes et al., 1991). These
bacteria subsequently grow to high numbers (~. 107-
108 CFUg'-l) during refrigerated product storage
(Kempton and Bobier, 1970; Schneider e~ ai., 1983, Korkeala
et al., 1989; von Holy and Cloete, 1992). It can thus be
deduced that spoilage L..?Bwould enter the early logarithmic
phase of growth in refrigerated VPVS shortly after
processing I the time to reach this phase of gro'tl1thbeing
dependent on storage tem~erature. Since in-package
pasteurization of VPVS is usually planned to occur
immediately after packaging, such pasteurization p~'ocesses

* D.H. Meyer, Department of statistics, University
of the Witwatersrand, P 0 WITS 20~O, Johannesburg,
south Africa.
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should therefore be based on in vitro. heat resistance data
of LAB in the early logarithmic growth phase. In a "worst
caseU scenario, where pasteurizati0n is delayed, LAB could
theoretically enter the logarithmic 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 growtn
phases did not differ statistically significantly. Further
in vitro heat resistance determinations for meat spoilage
LAB could, therefore, be performed on cells in the early
logarithmic growth phase.

D63 and D57 values of Lb. sake 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 Lc. mesenteroides heated in QSRS pH 6,2f were 20,2 and
34,9, ~espectively (Tabla 2.1.4). These values,however,
were lower than corresponding D-values of 21,3 and 46,9
seconds for Lc. me~enteroides 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, "t.,hereasLc. mesenteroides was
more heat resistant at a pH of 5,8. Again, the 95%
confidence intervals for D-values of both bacteria
overlapped at the different pHIs, 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 microorganisms 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 sensitivity (stumbo, 1965; Silliker et
a1., 1980; Witter, 1983; Jay, 1986). For example, Kornacki
and Marth (1986) showed a decrease in D-value of
streptococcus faecium from 10,2 minutes to 4,8 minutes,
when heated at 630 C in milk adjus·t:edto pH 6,5 and 5,6 r
respectively. Sanz Perez gt ale (1982) showed that
D-values for enterococci decreased with decreasing buffer
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pH from maximum values at pH 6,0, at a constant heating
tem.perature. 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. sak~
increased while 'those of LC. mesenteroides decreased at the
lower pH of 5,8. Reasons for this could possibly be that
the Lb. sake strain had an optimum growth pH of above pH
5,8, while the optimum growth pH for the Lc. mesenteroides
strain could have been lower than pH 6,2. The fact that no
significant differences in D-values of LAB heated in QSRS
adjusted to these pH values could b~ observed, suggested
that the pH difference (0,4 units) was too small bo
increase the heat sensitivity of spoilage LAB. Lowering
product; pH to 5,8 , thf':>r~foreI was unlikely to affect the
death rate of such sp()il~agebacteria during in-package
pasteurization processes, and more rapid heat inactivation
would not be achieved. Further in vitro heat resistance
studies of LAB cou}.d, therefore, be performed in heating
medium at pH 6,2 since this value corresponds to the
established pH of most South African vienna sausage
formulations.

2.1.3.3 Linear regressions and data fit validity

Regression analysis showed slopes of all lines to be highly
significant (p = 0,00), validati~g the regression model.
Co:trelation coefficients (r) for the linear regression of
log survivor counts versus heating times ranged from -0,816
to -0,974, with most being higher than -0,910 (Table
2.1.4). This indicated a satisfactory linear relation$hip
between log survivor counts and heating time for both l,AB
strains. On closer inspection of data points, nowever ,
survivor curves appeared concave rather than linear (Figs.
2.1.13, 2.1.14 & 2.1.15). Furthermore, when heat
resistance data were analyzed for variance, 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
and are
1988).

of the error terms of the linear regression model
assumed to be randomly distributed (Neter ~t al.,

Authors such as
suggested that
bacterial death
comparisons of

Rahn (1945) and Schmidt (1957), however,
the assumption of the logarithmic order of
at constant temperature was convenient for
survival of bacteria 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
conatiant; temperature (Dabbah et a1., 1971a,b; Moats et a1.,
1971a; Ababouch and Busta, 1987; Ababouch et a1., 1987).
Concave survivor curves have been explained on the ba.sisof
olumping of bacterial cells or spores during heating, and
heterogeneity in heat treatments (Stumbo, 1965; Cerf, 1977;
T-vitter, 1983; Beckers et a:J,..,1987; Donnelly et .~.l.,
1987) • Heterogenei ty of heat treatment occurs f;,i,len
bacterial oells are heatecl in open tes1: tubes. Cells
covering test tube walls as a result of mixing and
splashing would be positioned above the water level and
thus escape the full effect of the heat treatment (Beckers
et al., 1987; Donnelly et g~" 1987). In our study,
heterogeneity 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 survivo~ curves
obtained upon heating meat spoilage LAB may, therefore,
have resulted from clumping of ba.cterial cells during the
heat treatment. To test lolhether 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 (QSRS).
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2.1.3.4 Effect of Tween 80 on cell clumping during
heating

Mean survivor counts for Lb. sake after heating at 63°C are
shown in Table 2.1.5. While bacterid heated in QSRS (pH
6,2) without Tween 80 addition could be enumerated at all
heating time intervals, survivors were reduced to below
detectable levels « log 2,0 CFUml-1) 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 Lnoozpoz-atd.on of 1,0% Tween 80 into the heating medium
resulted in more rapid kill in this study (Table 2.1.5).
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 incorporated into the heating medium
(results not shown). Clearly: in this case the detergent
was not completely removed from bacterial cells when these
were resuspended 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 lipid b~.layer of bacterial cell
meiabr-anes , This w..)uldmake m~mbranes more permeable and
dest~oy the cells' osmotic balance. Injury to heat treated
bacteria has previously been linked t.o 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 .invitro heat resistance stud.tes.

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. Moats.§.t a1. (1971a),
however, dismissed the theory that concave survivor curves
resulted from clumping of bacterial cells during heating,
since clumps would be completely disrupt:ed by normal
dilution techniques employed for enumeratiorl of survivors.
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Thus, even though clumps would increase bacterial heat
resis·tance by protecting bacteria from heat inactivation ,T

dispersion of clumps by dilution techniquRs sh:);.lld
nevertheless resul t in straight··line survivor curves. A
more plausible interpretation of concave survivor curves
such as the ones observed in this study, however, may be
the fact that individual cells within a population of
microorganisms differ from eac~ other with respect to heat
resistan'~e (Licciardello and l.Lckerson, 1963 ~ Allwood and
Russell, 1970; Moats, 1971: Moats et al., 1971a, Witter,
1983). Since it was t, ",~osed that heterogeneity in
populations of microorgaI~.\.ms with respect to heat
resistance remained the only satisfactory explanation for
concave survivor curves (Moats, 1971; Palumbo g~ al.,
1987), the same explanation could be used with respect to
the findings of this study.

eLUSION

counts of two heat treated meat spoilage LAB on
and STD1 Agar media compared favorably in this

We therefore concluded that any of these media
used to recover heat treated LAB in further in

yitro heat resistance studies. As MRS Agar is formulated
to suit the specific nutritional requirements of LAB (de
Man at al., 1960), this medium should, however, be used in
preference to STD1 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 meat spoilage LAB in further in
vitro heat resistance studies.

Mean log
MRS, MMRS
study_
could be

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 in 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 vienn.;;· sansage formulations) is recommended
for further iii. ilitro h..:::at resistance studies. Our results
also implied that lowering vienna sausage pH to 5,8 would
proba.bly not increase the death ~at.eof spoilage LAB during
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in-package pasteurjzation of VPVS.

As spoilage LAB contaminating VPVS would be in the early
logarithmic growth phase after packaging (the time of which
pasteurization is expected to occur), further in vitro heat
resistance studies could be performed at this growth
phase. Since the heat resistance of LAB 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 two predominant spoilage LAB from VPVS
in this study '.'lerenon-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
membranes. 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 r.a·ces in QSRS containing
detergent preclu.ded an assessment on the causative factors
for concave survivor curves. Clumping of cells during
heating, however, was dismissed as a cause for concave
SUl ivor curves (Moats et al., 1971a), and the more
plausible explanation for the occurrence of such curves in
this study was that the two LAB strains were ~sterogeneous
with respect to heat resistance. We therefore concluded
that ft"rther in }[Jtro 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·ta'ce of
actual bacterial heat resistance. When D-values from
concave survivor curves are used to calculate in sity
Ln=packaqe pasteurization parameters for VPVS, appropriar.e
compensations have to be included to achieve the des:ired
reduction in contaminating LAB.
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lJ.B cells in HRS Broth grown to at 25'C:
early logatithmiC lata logarithliC
~owth pfiase ~owth phase
(OD550 :: 0,3-0,5) (ODS50= It4~l,5)

. I -1 • ~adJusted to l~o 7,00 CPUll wlth quarter-strength
Ringers solution (pH6,2)

cell pell!ting (Iicrocentrifuge, onelilte)

resusptnsion, O,IMphosphate buffer it:
l ~ ~pH 5,8 pH6,2 pH 6,2
~ ~ lvortexing to disrupt cell clumps (30 seconds)

cell pen!ting (licrocentifUge, one litute)
t ~. ~ .r~suspenslon, quarter-strength Rlngers solutIon at:
~ I lpH 5,8 pH6~2 pH6,2
~ ~ .!.vortexing to disrupt cell clumps (one minute)
~ ~ ~ 0

Heat resistance deteraination at 57 and 63 C by threeseperate runs
Flowdiaqral illustrating procedure for cell pre~aration to assessthe effects of growth phase and pH of heating meaium on heatresistance of .eat spollage lactlc acid bacteria (LAB).
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Perspex holder containing a set of five 50
microliter capillary tubesl showing distances
between tubes of ~. one cm.

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



Fig. 2.1.4
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Bacterial svspens Lon
quarter-strength Ringers
into a capillary tUbe
micropipette.

{50 microliter in
solution is d~awn
using the SOCOREX

Heat sealJ.ng of capillary tube containing 50
microliter bact.erial suspension highlighting
distance of ca. four to five cm 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
fully
in a
bath.

inactivation of bacterial suspension in
submerged 50 microliter capillary tubes
thermostat-controlled circulating water



Fig. 2.1.8

Fig. 2.1.9
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Th~rmostat-controlle~ c~rculating water bath
with conventional mercury thermometer and
Jenway 3100 microprocessor thermocouple used
for heac i.nactivation studies.

Capillary tubes after heat trea1:ment. are
cooled by fully submerging ;'::'l. melting Lce,



Fig. 2.1.10

Fig. 2.1.11
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Down/s-type homogenizers used
capillary tubes to dilute and
bacteria after heat inactivation.

to crush
enumerate

set of five 50 microliter capillary tubes
crushed in a Down's-type homogenizer
containing 2,25m.e sterile qUarter-strength
Ringers solution (10-1 dilution).
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Lb. sake in MRS broth
~

(early logarithmic growth phase, OD550 = 0/3-0,5)

1
adjusted to 10g10 7,00 CFuml-1 with quarter-strength

Ringers solution (pH 6,2)

1cell peJ.leting (microcentrifuge, one minute)

1resuspension (O,lM phosphate buffer, pH 6,2)

1vortexing to disrupt cell 01umps (30 seconds)

1cell pelleting (microcentrifuge, one minute)

1
resuspension (quarter-strer!gth Ringers solution

+ 1,0% Tween SO, pH 6,2)

1vortexing to disrupt cell clumps (one minute)

1
Heat resistance deter:rnination at 63°C by three

sepaxatie runs

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 Lactobacillu~ (LQ.) sake.
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Table 2.1.1 Heat treatment time intervals for Lactobacillus sake and Leuconostoc
mesenteroides to determine effect of growth stage and heating medium a
pH on heat resistance.

Growth stage and Isolate I Temperature Exposure time
heating medium pH ! (OC) (seconds)
Early logarithmic, Lactobacillus 57 0; 3D: 60: 120; 150i 180
pH 6.2 sake 63 0; 15: 30i 60; 120: 150

I Leuconostoc 57 OJ 30: 60: 120i 150~ 180
mesel1t~roides 63 OJ 7: 15i 30; 60; 90

Early logarithmic, Lactobacillus 57 OJ 30; 60: 120: 150; 180
pH 5,8 sake 63 0; 15; 30i 60: 12C: 150

Leuconostoc 57 0; 30; 60i 120; 150; 180
mesenteroid!le 63 0; 7: 15i 30: 60; 90

- --
Late logarithmic, Lactob<\cillus 57 0; 30; 60; 120; 150; ISO

L_ sake 63 0; 15; 30; 60; 90; 120
LeUCOllostoc 57 0; 30; 60; 90: 120: 150
mesenteroides ! 63 0: 7; 15; 30; 60: 90_,

a Quarter-strength Ringers solution.
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Table 2.1.2 Exposure tiles and recovery ledia used for heat inactivation
of two leat spoilage lactic acid bacteria at 63°C.

Hircoorganisll Lactobacillus sake Leuconostoc mesenteruides
(lA 73c) (lA 15b)

Heating time I 15 and 60 seconds 7 and 30 seconds
ir.tervals -Plating media MRS (de Han, Rogosa & Sharpe) Agar (BlOLAB) i
for Modified MRS Agar (W'" 'gar (BIOLAB) t 0,1% w/w

cell recovery cysteine monohydrochloride ~MERCK) + 0,2% w/v
potassium sorbate (IJNILAB)}i

Standard One Nutrient Agar (STD 1) (BIOLAB)
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Table 2.1.3 Effect of culture mediuma on recovery of Lactobacillus sake and Leuconostoc mesenteroides
after heating in quarter-strength Ringers solution (pH 6,2) at 63"C.

.-
Lactobacillus sake

ffeating time 15 seconds 60 seconds
Medium MRS HHRS STDI lIRS HKRS I STDI

b 4,96 4,97 4,90 4,62 4,63 4,54Hean log10
count (CFUml-1)C (4,79-5,12) (4,80-5,14) (4,73-5,07) (4,57-4,68) (4,57-4,68) (4,48-4,60)
AN<.IVAd p = 0,826 P ::0,061
significance level

Leucono~tQg mesenteroides
Heating time 7 secoTlds 30 seconds
Medium MRS JIl!l!S STD1 MRS HKRS STDI

b 1----
Hean logiO 5,49 5,44 5,38 5,47 5,42 5,38
count (CFUml-1)c (5,32-5,65) (5,27-5,61) (5,22-5,56) (5,30-5,64) (5,25-5,59) (5,21-5,55)
AlIOVAd p = 0,718 P = 0,726

significance level

a For abbreviations, see Table 2.1.2.
b

c
Mean of independant triplicate experiments, 95% confidence intervals for means shesn in brackets.
Hean CFUml-1 calculated from five replicate plate counts.
Analysis of variance for log counts (CFUnl-1).d
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Table 2.1.4 The Effects of growth phasea and pRb of heating

lIIediUlllon the beat resistance (D-values)c of
Lactobacillus (Lb.) sake and Leuconostoc
{Lc.) mesentero ides.

I
D-values (seconds)

Early logarithmic growth phase, pH 6,2
.~

Lb. §ake Lc. mesenteroides

D63 DS7 I D63 D57 ~
32,5 f",9 20,2 14,9 •

(26/6-H,8) (42,0~71,3) (16,6-25,8) (31,1-39,9) I
r = -O,937d r = -0,918 r = -0,925 r = -0,974._--

Early log~.rithJnicgrowth phase, pH 5,8
Lb. ~ake Le. mesenteroides

D63 %7 I D63 %7
28,7 40(1 21(3 46(9

(22(9-38(6) (32,7-51,7) (17,4-27,6) (37,6-62,4)
r = -0(919 r = -0,936 r = -0,919 r = -0,906

Late logarithmic growth phase, pH 6,2
Lb. sake Lc. mesenteroides

D63 D57 D63 D57
28,9 42,1 23,9 43,0

(22,1-42,1) (34(4-54,3) (17,4-38,3) (35,3-54(9)
r = -0,862 r = -0,921 r = -0,816 r = -0,925

a Early or late logarithmic phase.
b Quarter-strength Ringers solution, pH 5,8 or 6,2.
cD-values for bacteria heated at 63°e (D63) or

57°C (%7); corresponding 95% confidence intervals
are shown in brackets.

d Correlation coefficients (r) of linear regression lines
from which J).,valueswere derived.
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Table 2.1.5 Effect of Tween 80 treatment during heatinga at 63°C on cell numbers of
Lactobacillus sak~.

% Tween 80 0 1,0 Heating time
:Replicateno. 1 2 3 1 2 3 (seconds)
Microbiological 7,0 I 7,2 7,0 7,2 6,9 7;1 0

count 5,9 5y8 5,9 4,9 4,7 5,1 15
(loglO CE'UmJ.-1)b 4,9 5,7 4,9 <2,0 <2,0 <2,0 30

3,9 5,1 3,9 <2,0 <2,0 <2,0 I 60
2,9 3,1 4,9 <2,0 <2/0 <4,0 I 120

a Heating in quarter-strength Ringers solution (pH 6,2).
b Hean of trirH~ate plate counts.
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2.2 lH VITRO HEAT RESISTANCE OF SPOILAGE LACTIC ACID
BAC~ERIA FROM VACUUM-PACKAGED VIENNA SAUSAGES

ABSTRACT

The in vitro heat resistance of four predominant lactic
acid bacteria from spoiled, vacuum-packaged vienna sausages
was determined in quarter-strength Ringers solution (pH
6,2). D-values at 57, 60 and 63°C were 52,9~ 39,3 and 32,5
s~conds for Lactobacillus sake, 34,9, 31,3 and 20,2 seconds
for Leuconostoc mesenteroides, 22,5, 15,6 and 14,4 seconds
for Lactobacillus curvatus and 49,9, 32,9 and 30,2 seconds
for a Pediococcus strain, respectively. Lactobacillus sake
was the most heat resistant, followed by Pediococcus,
LeuconostoQ mesenteroides and Lactobacillus curvat.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 mesenteroides to a maximum of ~O,9cC for
Lactobacillus curvatus. Z-values were t:onsidered
extraordinarily high, which could be explained by the fact
that heat resistance did not ?hange greatly over the 6°C
temperature range in which heat resistances were
determined. Survivor curves of lactic acid bacteria were
not strictly linear, and D-values obtained were, tr,erefore,
regarded as underestimates of true heat resistance.
In--package pasteurization processes for vacuum-packaged
vienna sausages calculated on the~. is of in vitro heat
resistance data should, theref·ore, c0',lpensate for this
deviation in order to achieve the desired reductions in
levels of contaminating lactic acid bacteria.



.'
55

2_2.1 INTRODUCTION

Spoilage of vacuum-packaged emuLsLon=t.vpe sausages is
frequently due to the growth of lactic acid bacteria (LAB)
to high numbers (Mukllerjiand Qvist, 1981; Nielsen, 1983;
Korkeala et al., 1985,1987; Borch et al., 1988i
Zurera-Cosano et al.; 1998; von Holt et pl., 1991bi von
Holy and Cloete, 1992). Spoilage of South African
vacuum-packaged vienna sausages (VPVS) by LAB is
characterized by undesirable souring of product, gas
formation and production of milky, slimy exudates in
packages (von Holy et al., 1991b; von Holy and Cloete,
1992). Since such spoilage symptoms resulted in products
unacceptable to consumers, they representp~ costly losses
to producers (von Holy and Cloete, 1992). Homofermentative
Lactobacilli and leuconostocs predominated in LAB spoilage
populations of VPVS (von Holy and Holzapfel, 1991; von Holy
et al., 1991bi von Holy and Cloete, 1992) and i·twas,
therefore, suggested that control measures aimed at reduced
spoilage should address the inactivation of thes~ specific
bacteria (von H~ly et al., 1992).

Lowering the numbers of spoilage bacteria in
vacuum-packaged processed meats by in-package or secondary
pasteurization was suggested as a control measure to
decrease numbers and growth of contaminating bacterial thus
prolonging shelf life (Bell, 1983; von Holy et al.,
1991a) . In-package pasteurization w'as suggested as a
feasible option to control spoilage of VPVS by LAB (von
Holy et al., 1991a), since it was previously found that the
size of the microbial popUlation survi.ving a pasteurization
process was inversely related to the heat treatment applied
(Bell, 1983). In addition, recontamination of sausages
would be prevented by the packaging material and only
microorganisms $urviving the heat treatment would be able
to cause spoilage (von Holy et al., 1991a).

Pasteurization has previously been shown to improve the
shelf life of semi-processed meats such as ham by
destroying most of the spoilagE~ microorganisms (Houben,
198?; Delaquis ~t al., 1986). Furthermore, the shelf life
of vacuum-packaged products such as cooked pork chops
(Prabhu et p.l., 1988), hot process (smoked) fish (Eklund et
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al., 1988) and vienna sausages (von Holy et al., 1991a;
Marshall, 1991) also increased after a secondary,
in-package heat treatment. Von Holy et ala (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 beat
penetrated and core temperatures ranged betwean 52"C and
570 Conly. As the above study was perfol:"1nedon a "trial
and errorH basis, a more quantitative approach, based on
heat resistances c,f predominant meat spoilage LAB as well
as theoretically calculated heat process (FT) values
(stumbo 1 1965; Pflug, 1987; Muller, 1989) was considered
essential to evaluate the effect-iv6neps of any in-package
pasteurization treatments.

When moist heat at a ;:!onstanttemperature is used to kill
microorganisms, death follows a logarithmic order. Numbers
of viable 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 be obtained (Stumbo,
1965; Allwood and Russell, 1970; Cerf, 1977; Silliker et
al., 1980: Witter, 1983; Jay, 1986; Pflug, 1987; Boyd,
1988; Muller, 1989). The decimal reduction time CD) value
may be determined from this curve which is a temperature
specific value for the microorganisms heated. The D-value
is defined as the time required at given temperature to
destroy 90% (one log cycle) of microorganisms and
mathematically equals the slope of survivor curves (stumbo,
1965; Allwood and Russell, 1970; Cerf! 1977; Silliker et
al., 1980; Witter, 1983; Pflug, 1987; Muller, 1989).
Z-values are obtained when logarithms of the different
D-values for a specific microorganism are plotted against
the corresponding heating temperatures. Mathematically the
z-vaLue equals the slope of such a curve and is defined as
the amount of temperature required to bring about a tenfold
change .tn the death rate (Stumbo, 1965; King et al., 1979;
Jay, 1.986; Muller, 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 tenfo.id. For instance, the z-value
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for Stre~tococc~s faecium heated in buffer was 3,7°C (Sanz
Perez et al., 1982; ch.1, Table 1.1) a.id since 'this
~acterium had a D-value at 63°C of 6,9 minutes (ch.1, Table
1.1), r~ising the temperature by 3,7cC to 66,7°C would
increasl? 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 banterial death. This model implies that log
numbers of bacteria surv~v~ng a heat treatment plotted
against time give rise to a straight-line survivor curve
(stumbo, 1965; Pflug, 1987; Muller, 1989). The model
relates the micrObial load of the product (No)' the
D-value of the microorganism to be inactivated (DT) and
the resulting microbial popUlation after heating (Nf) to
the heat process value in the following way: FT = DT
(log No log Nf). Thus FT would be defined as the
time of heating required at a given te.mperature to reduce
the microbial load of a product to a predetermined level
(Witter I 1983) ., The acceptability level of such heat
processes, therefore, would be determined by the
manufacturer as the acceptable number of defective units,
or the desired levr~lof 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 subsequently caused spoilage
(Niven et a!_.I 1954; Houben, 1982; Milbourne, 1983; Borch
et al., 1988; Muller, 1989). Niven et ala (1954) showed
that numbers of a heterofermentative Lactobacillus Spa
that survived smoke-cooking of emu'sion-type sausages and
subsequently caused spoilage could be reduced only by three
log cycles, from gao log 6,0 to ca. 3,0 colony forming
units per milliliter (CFUml-1)' when heated in tomato
juice broth at 62,7°C for 40 minutes. Borch et,al. (1988)
described a heat resist~nt Lactobacillus viridescens that
survived heat processing and caused spoilage of
emulsion-type sausages. Wl'i("n this bacterium was heated in
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ATP Broth at 60QC, numbers decreased by log 2;3 CFUml-1
initial concentration of Qg. log 6,7 CFUml-1,

40 minutes of heating (Borch et a1., 1988) .
the above authors did not characterize heat;

of these bacteria in terms of D-va1ues,
(1983) and Houben (1982) showed that L.AB

from ClU

during
Although
resistances
Milbourne
surviving beat processing of processed meaz products
f>xhibited high D-values (ch.l, Table 1.J). In comparison,
heat resistances of spoilage LAB from products such as
non-pasteurized citrus JU1ce (Parish, 1991) and
inadequately pasteurized beer (Adams et a1., 3.989)were
noticeably lower (ch.l, Table 1.1).

Although local vienna sausage emulsion was contaminated
with LAB at ca. log 5,0 CFUq-1, the smoke-cooking process
was effective in reducing numbers of these bacteria to
undetectable levels in plate count experiments. Lactic
acid bacteria, however, recontaminated VPVS during
subsequent handling and packaging (Dykes _!3tSll., 1991) and
were, therefore, not expected to be as heat resistant as
the LAB described by Niven et a1. (1954), Milbourne (1983)
and Borch et al. (1988). This study aimed to determine the
in vitro heat resistance of LAB which predominated in
spoilage populations of VPVS (von Holy et a1., 1991b).
D-va1ues obtained for these bacteria would then be used to
determine heat process (FT)' values for in-package
pasteurization of VPVS.

2.2.2 MATERIALS AND METHODS

2.2.2.1 Culture selection and maintenance

Lactobacillus (Lb.) sake (IA73c), Lb. curvatus (lA8c),
Leuconostoc (Lc.) mesenteroides (lA15a) and a Pediococcus
strain (16P25Tb) were isolated from spoiled VPVS (von Holy
et al., 1991b). Lb. sake, Lb. curvatus and Lc.
mesenteroides were calculated mean organisms of a numerical
analysis of phenotypic characteristics of 61 predominant
spoilage LAB from VPVS (Dykes, 1991). 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 Pediococcus strain was chosen since
proportions of this genus were previously found to increase
in pasteurized VPVS. consequently it was proposed ·that
these bacte:r.·iamight be more heat 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 hOUTS and
streaked onto MRS Agar (BIOLAB) to check for purity.
Working cultures were grown in litmus milk (100g litmus
milk (BIOLAB): 50g calcium carbonate; 109 glucose; 2,5g
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 th.isstudy (Fig.
2.1.1), cultures were prepared for phase contrast
microscopy and photographed. cultures from litmus milk
were streak,"d onto MRS Agar and incubated at 25°C for 48
hours. Bacterial cells were transferred ont.omicroscope
slides, immobilized in 0,2% agar and examined using a LEITZ
DIALUX 20EE phase contrast microscope a·t 1000x
magnification using oil immersion. Bacteria were
photographedusing ILFORD PANF film.

2.2.2.3 Heat resistance determinations

For heat resistance studiesp bacteria were grown in MRS
Broth at 25°C to the early logarithmic growth stage, the
inoculum density was adjusted to Qg. log 7,00 CFUml-1 and
cells were suspended for heat inactivation in
quarter-strength Ringers solution (QSRS) (pH 6,2) as
described in ch. 2.1. Cells were heat inactivated in glass
capillary tubes in a thermostat-controlledwater bath (ch.
2.1) a'c 57, 60 and 63a C ovez six time intervals. Heating
time intervals varied in length, depending on heating
temperature (Table 2.2.1). The temperature of 57°C ~as
chosen sJ.nce VP'\TS spoilage LAB are psychrotrophic
(Buchanan, 1986; Franz et al., 1991) and it ....ras suggested
that 55°C would suffice to heat inact1vate true
psychrotrophs (Sillikergt 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,
destroy product quality
in-package pasteurization
comma )*.

consiaered low enough not to
or packaging material during
of VPVS (M.A. Jenkin, pars.

After heating, LAB were re'covered 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 incraase stacistical 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.~.2.4 Replication and computational methods

Triplicate sets of log survivor counts for each heating
temperature were plotted against heating time. A single
best fit regression line was calculated for data sets at
each temperature by the least square method (Bradshaw at
al" 1985 r Donnelly at a1., 1986, Bradshaw et 51'!'"1987).
D-values were determined as the abso i.uce value of the
reciprocal of the slope of the regression line (Bradshaw at
al., 1985, 1987). Z-values were determined as the absolute
value of the reciprocal of the slope of the regression line
obtained, when logarithms of D-values were regressed
against the three heating temperatures (Bradshaw ~t 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. J'enkin~ Enterprise Foods, P.O. Box 570, 1400
Germiston, South Africa.
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2.2.3 RHSULTS AND DISCUSSION

2.2.3.1 Effect of non-logarithmic survivor curves on
heat resistance determinations

Lactic acid bacteria survivor curves obtained by linear
regression of Jog counts ml-l vs. 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 linear regressions of log survivor counts
against heat~.ng times are shown in 'l'able2.2.2.
Correlation coefficients ranged from -0,807 to -0,974, the
majority being > -0.919 (Table 2.2.2). This indicated a
satisfactory linear relationship between log survivor
counts and beating times. On closer inspection of data
points, however, ~urvivor appeared concave, rather than
linear (Figs. 2.2.2 to 2.2.5). When log survivor cou.nts
for the different heating tlm.eswere subjected to analysis
of variance and residuals were plotted against predicted
values (data not shown), trends in residuals exhibi.tedfan
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 (Meter et al., 1988).

When moist heat is used to kill microorganisms at a
constant 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-line survivor curve shoulc~be obtained (stumbo,
1965; Allwood and Russell, 1970; Cerf, 1977i Silliker et
al., 1980; Jay, 1986; Pflug, 1987; Boyd, 1988; Muller,
1989). Non-linear survivor ~urves of convex or concave
shapes, however, were reported for var~ous bacteria or
bacterial spores when heated at constant temperature
(Allwood and Russell, 1970; Dabbah et al., 1971a,b; Moats,
1971; Moats et al., 1971a; Dega et al•.I 1972i Sanz Perez et
al., 1982; Ababouch and Busta, 1987; Ababouch et al., 1987;
Palumbo et al., 1987; Humphrey, 1990; Bhaduri et al.,
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1991). Concave survivor curves ~uch as the ones observed
in this study reportedly result from clumping of bacterial
cells during heat treatment (stumbo, 1965; Cer.ff1977,
Witter, 1983) or as a result of heterogeneity of heat
treatment (Beckers et aL, 1987; DonneLl.y et al., 1987;
Donnelly, 1990). Moats et al. (1971a), however, argued
that clumping of cells during heating could not account for
concave survivor curves, since such clumps would be
disrupted by dilution techniques employed for enumeration
of survivozs • Although bacteria in cLumps might be
protected from heat, which would lead to artificial
increases in ~cterial heat resistance, disruption of cells
by appropriate dilution techniques would nevertheless
result 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 hGa~c inactivationallowed cells to coat test
tube walls above the water bath level and escape tbe full
effect of heat treatment (Beckers et al., 1987; Donnelly,
et alol 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 beat resistance was proposed to be the only
satisfactory explanation for the occurrence of nonlinear,
concave survivor curves (Moats, 1971, Palumbo et ai.,
1987). Concave survivor curves were previously reported
for LAB heated at constant temperature (Sanz Perez et ~.,
1982) and were also attributed to heterogeneity with
respect to heat resistance. Heterogeneity of LAB with
respect to heat resistance could, therefore, explain
concave survivor curves obtained for meat spoilage LAB also
in this study.

When bacterial death follows a logarithmic order, D-values
may be det.ermined from plots of log numbers of survivors
against heating times at constant temperature. Vas and
Proszt (1957) and Moats et al. (1971a) cautioned against
determinations of D-values from survivor curves of
microorganisms heated at constant t.empexatrur-e, if these
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were not
therefore,

truly logarithmic. For convex survivor curves,
Alderton and Snell (1970) and King et .ai. (1979)

introduced a mathematical formula to linearize such
survivor curves. This formula permitted the authors to
calculate parameters analogous to tho~e for the logarithmic
death of microorganisms at constant temperature i.e. D- and
z-values (Alderton and Snell, 1970; King 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.

Publiehed survivor curves which have been interpreted as
logarithlnic are, however, very seldom precisely
straight-line and sometimes deviate considerably from
linearity when individual data points are connected (Moats
et al., 1971a). Furthermore, since Rahn (1945) 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 temperature$, the logarithmic model of bacterial
death was considered appropriate to this study for
determinations and comparisons of heat resistances of four
LAB isolated fro~ VPVS. The logarithmic model of bacterial
death 1:.o1aSapplied 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 isolates from spoiled, VPVS are shown as D-values in
Ta.ble 2.2.2. Lb. sake was the most heat resistant at all
heating temperatures, fallowed by the Pediococcus strain,
Lc. mesenteroides and Lb. _9urvatus isolates in decreasing
order (Table 2.2.2). D57, D60 and D63 values ranged
from 22,5 to 52,9, 15,6 to 39,3 and 14,4 to 32,5 seconds,
respectively (Table 2.2.2).

Heat inactivation of all LAB under the conditions of this
study was deemed rapid, since at least one log cycle
reductions could be achieved in a maxf.mum of 71,3 seconds
(upper limit of 95% cClTIfidence interval of D57 for Lb.
sake I Table 2,2.2). Thet5eD-values ses:e considerably lower
than those of 1410 ~econds at 65°C and 7374 secondE at 63°C
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reported by Milbourne (1983) and Houben
(1982),respectively, for thermotolerant meat spoilage LAB
CCh. 1, Table 1.1). Since smoke-cooking of VPVS reduced
LAB 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 1 and indeed shown,
not to be excessively th~rmotolerant. Only one report
(Borch et al., 1988) on .::leatresistance of a LAB strain
that did not survive heat protJessing of emulsion-type
sausages, but recontaminated sausages after heat treatment,
was found. Borch at al. (1988) showed that one log cycle
reductions in numbers of this homofermentative
Lactobacillus sp. occurred ca. 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 I D-values of a heterofermenta tive Lactobaci 11us
Spa from inadequately pasteurized beer were 156 and 48
seconds, in low ethanol «0,05%) beer at 60 and 65°C,
respectively (Adams et, al., 1989, ch.l, Table 1.1). The
060 value of this heterofermentative Lactobacillus spp.,
therefore, was £S. four times higher than corresponding
D60 values of meat spoilage LAB in th.isstudy (Tables
2.2.2 & Table 1.1, ch.1). D-values of LQ. plantarum, Lb.
pseudoplantaru1n 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
glucose (Parish, 1991). Heat resistance values of these
citrus JU1ce 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., 198B), and spoilage LAB from
citrus juice 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 et al., 1982).

Differences in D-values of spoilage LAB from various
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products could be 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 nar.ure 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, 1965; Moats et al., 1971b; Silliker
et al., 1980; Jay, 1986). The comparatively low D-values
determined for LAB in this study might 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
likely to have contained such protective compounds (Borch
at al., 1988; Adams et al., 1989; Parish, 1991). The
higher D-values reported by the above authors could,
therefore, be explained by the use of media which exerted
heat protective effects.

Heat resistance characteristics of spoilage LAB from VPVS
W~:lrealso compared to those of Listeria (l!.u) monocytogenes,
since these bacterial groups are closely related (Jones,
1988; van Laack et al., 1992). Heat resistance
characteristics of l!.. l!1Q,',10cytogeneswere assessed
extensively since major outtreaks of foodborne disease
involving milk and milk products were linked to this
pathogen. Concern was expressed that this bacterium could
sUI'vive normal milk pasteurization (Bradshaw et al., 1985;
Fleming et al., 1985; James at al., 1985; Donnelly and
Briggs, 1986; Beckers et al., 1987; Bradshaw et ala 1987).
Beckers at al. (1987) I Donnelly et al. (1987) and Bradshaw
et ala (1985; 1987) showed the inability of ~.
monocytogenes to survive milk pasteurization treatments (15
seconds at 71,7°C) and D-values ranged from c~. 18 seconds
to 36 seconds at a heating temperature of 63,3cC, depending
on the fat content of the milleused to heat cells (Bradshaw
et al., 1985, 1987 - ch.l, Table 1.2). Donnelly and Briggs
(1986) showed D-values of three L. mon'<)cytogenesstrains to
be less 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). D57,8 values for L. mon6cytogenes in milk with
different fat contents, however, ranged from ca. 246 to 288
seconds (Bradshaw et al., 1985, 1987, ch.l, 'lIable1.2),
whereas D~values for LAB strains heated in QSRS at 57°C
were considerably lower (Table 2.2.2). This indicated that
L. monocytogenes 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 temperature~. These compounds are not
present in QSRS and the LAB of this study were therefo~e
comparatively more heat sensitive than L.c monocytogenes
heated in milk at 57,3°C.

Heat resistance of b. monocytogenes, moreover, increased
when cells were heated in various processed meat products,
as opposed to milk. Bhaduri et al. (1991) determined D57
and D60 values of 394 and 94 seconds, respectively, after
heating the bacterium in a liver sausage slurry.
Quintavalla and Campanini (1991) reported D60 and D63
values of 438 and 180 seconds, after heating L..
monocytogenes in meat emulsion. Mackey and Bratchell
(1989) reported D60 vaLues of 498 and 318 seconds for L..
monocytogen~s heated in thick slurry 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 fatsJ salt and
curing salt present in processed meats (Farber, 1989:
Hackey and Bratchell, 1989 i Mackey et.al. , 1990 i Fain at
al., 1991; Schoeni et al., 1991; Quintavalla and Campanini,
1991; Yen et ale I 1991). Quintavalla and campan i.ni,(1991),
for example, reported D-values of L. monoc.Yt~1.I;?r.:""J2. heated
in meat emulsion to be bm to three times higne:r Lr~anthose
obtained when bacteria were heated in tryp~'c soy Broth.
This increase in 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.
monocytogenes in cured meat based media (Farber, 1989~ Yen
et al., 1991) and Farber (1989) reported fivefold to
eightfold increases in heat ref;istance wh.enthe bacterium
was heated in ground meat to whtch cure (nitrite, dextrose,
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lactose, corn syrup and ca. 3% NaCl) was added.

Since vienna sausages also contain fats, salts and cdring
salts, the beat resistance of LAB in vienna sausage packs
(in situ) is therefore likely to be greater than that
determined in QSRS (in vitro). since Quintavalla and
Campanini (1991) determined the heat resistance of ~.
monocytogenes to be two to three times higher when heated
in meat based media as opposed to broth, heat resistance of
LAB heated in situ in vienna sausage packs could be
estimated to at least double. Thermal processes for VPVS
calculs.ted on the basis of in 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 lAB from VPVS heated at 57, 60 and
63°C in QSRS (Table 2.2.2) ranged from a minimum of 25,2°C
for Lc. mesenteroides to a maximum of 30,9°C for
Lactobacillus curvatus. Although Lb. curvatus 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
LAB, 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
spoil~ge LAB from meat and beer products. The z-value of
the Lb. viridescens strain reported by Milbourne (1983) at
38,5cC was ca. SoC higher than the highest z-value of LAB
(30,9°C for Lb. curvatus) in this study (Table 2.2.2).
This, however, was expecte.d since this Lb. viridescens
isolate was also considerably more heat resistant than the
LAB studied here (Table 2.2.2). The z-value 1s defined as
the number of degrees Celsius required to bring about a
tenfold change in D-value (stumbo, 1965; King e~ g~., 1979;
Silliker et B~-' 1980; Jay, 1986). The Lb. viridescens
isolate, bejng more heat resistant than LAB studied here,
should thus also 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 Lactobacillus
sp. determin(ld by Houben (1982) and Adams et a1. (1989) to



68

be 11,8 and 2,20 e r respectively I were at least 13 I'k °C lO'tver
than those of the LAB of this study (Table 2.2.2). This,
however, was unexpected since Enterococcu~ faecium and the
heterofermentative Lactobacillus were noticeably more heat
resistant than LAB 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 ~. monocytogenes in
various milk media (Bradshaw et al., 1985; Donnelly and
Briggs, 1986; Bradshaw at al., 1987), but corresponding
z-values of ~. ~onocytogene~ did not compare well and were
four to six times higher for meat spoilage LAB in this
study (ch.1, Table 1.2 & Table 2.2.2)~

Z-values for ';lon-sporulating bacteria generally fall
between 4 and 6°e (Hansen and rdemann, 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 LAB and ~. monocytogenes. The high
z-values for LAB in this study, therefore, were of
questionable validity and could only be explained by the
fact that n,_""alues did not change by a factor of ten over
the tempdrature 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 c:nanges did not occur, unrealistically high
z-values were obtained from regression of log D-values
against heating times.

The fact that bacteria with higher D-values sbould 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 questionable
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 bacteria should be performed at more heating
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temperatures and over a greater temperature range, in order
to obtain z-values which more accurately describe the
effect of temperature on the relative heat resistances of
meat spoilage LAB.

In this study J however, the temperature range uaed for in
vitro heat resistance studies corresponded to temperatures
that could be used in practise for in-package
pasteurization of vienna 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 temperature~ 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
tentperatures higher than 63"C was impossible. Thus, even
though product pastaurization at temperatures of ca. 70GC
might be possible, inaccurate z··values would preclude
extrapolation of bacterial heat resistance to these
temperatures.

2.2.3.4 FT-value determinations

!

I

Heat process (FT) value deter:ninations for thermal
processing of foods have been based on the assumption that
bacterial death follows a logarithmic order and
straight-line survivor curves are obtained (stumbo, 1965;
Pflug, 1987; Muller, 1989). Pflug (1987), however,
acknowledged that microbial destruction curves of almost
all shapes were possible and that only 40% of reported data
on bacterial heat rEsistance formed approximate
straight-line survillor 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, 1987). Therefore,
thermal process calculations aimed at inactivating spoilage
LAB in VPVS should be based on D-values for LAB determined
in this study. Since survivor curves of bacteria from which
D-values were derived were not strictly linear, true
D-values were underestimated and consequently thermal
process calculations should be expected to underestimate
microbial destruction.



70

Control measures to inactivate spoilage LAB in VPVS should
be aimed specifically at homofermentative lactobacilli and
leuconostocs (von Holy et 91., 1992). Since high
temperature was used as control parameter (hurdle) in
in-package pasteurization, thermal process (FT) value
calculations should be based on the highest in vitro
D-valu~ determined in this study. Of the four isolates from
spoiled VPVS, Lb. sake showed the highest heat resistance
(Table 2.2.2). The upper 95% confidence limit for the
D63 value of this bacterium should thus be used in
FT-value calculations, since this was the maximum time
needed for a heat process to reduce pop~lations of this
strain by one log cycle.

Two factors, however, were expected to influence FT-value
calculations. Firstly, since D-values were derived from
non-logarithmic, concave survivor curves, they
underestimated LAB heat resistance. FT-values calculated
on the basis of these D-values, therefore, would be lower
than if calculated using D-values f~om logarithmic survivor
curves. Secondly, D-values of LAB could be expected to
increase when bacteria are heated in meat based media as
opposed to QSRS. FT-values, therefore, would
underestimate LAB heat resistance in vienna sausage packs.
The FT-values used for pasteurization of VPVS will thus
probably not suffice ,to reduce LAB contamination to the
desired levels. Nevertheless, FT-value determinations
would be 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 situ) experiments.

2.2.4 CONCLUSIONS

survivor curves
temperature were
of cells during
concave survivor

of meat spoilage LAB heated c:s.t constant
non-linear and concave. Althou9h clumping
heat treatment was proposed to cause
curves (stumbo, 1965; Cerf, 1977; Witter,
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1983), we concluded that concave survivor curves in this
study more likely resulted from LAB being heterogeneous
wi::h respect to heat resista:')Je. 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-values were considerably lower than
those of 1410 seconds at 65°C and 7374 seconds at 63°e,
respectively reported by Milbourne (1983) and Rouben (1982)
for thermotolerant meat spoilage LAB. However, they
compared favorably to those of 156 seconds at 60oe, 36 to
114 seconds at 53°C and 246 to 288 seconds at 5718°e
reported for LAB heated in beer (Adams at al., 1989),
citrus juice (Parish, 1991) and Listeria monocytogenes
heated in milk (Bradsbaw et al., 1985; 1987),
respectively. D-values for meat spoilage LAB in this study
were expected to be lower than those of the thermotolerant
bacteria studied by Rouben (1982) and Milbourne (1983),
since the latter survived heat processing of processed
meats I whereas bacteria in this study did not and
rep:resented LAB populations th.at recontaminated sausage
surfaces after heat processing (Dykes et al., 1991).
D-values determined fOr LAB in this study compared
favorably but were often lower than those of L.
mO:Qocytogene&. heated in milk (Bradshaw et al., 1985, ::"987),
or those of LAB heated in beer (Adams at al., 1989) or
ci.trrusjuice (Parish, 1991). This could have resulted
tron the presence of heat protective compounds such as
fats or carbohydrates, which could be present in other
healting media but were absent; from the quarter-strength
Ringers solution used in this study.

)

Z-values of meat spoilage LAB ranged from 25,2 to 30,9 and
were considerably higher than those of 4 to 6De 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 ·thefact
that D-values did not change greatly over the 6°e
temperature range in which heat resistance was determined.
These z-values could thus not be used to 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 increase in
temperature required to decr:easebacterial heat resistance
by a factor of ten.

D-values of ~eat spoilage LAB at 57, 60 and 63°C were all
lower than sixty seconds, and led us 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 reach internal temperature of 72°C)
during product manufactu~e. Since D-values of meat
spoilage LAB were derived frc:l1non-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 desired reductions in initial numbers of
LAB calculated by theoretical heat process (FT) values
would not be achieved. In-package pasteurization trials
for VPVS based on in vi',ro LAB heat resistance data,
therefore, might have to be adjusted to achieve the desired
reductions in contaminating LAB.

)
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Phase contrast mi("rc~L'aphs (1000x
rnagnificatj.on) of predominant Lactobacillus:
sake (a) I Lactobacillus cur.]'atu~ (b) ,
Leuconostoc mesenteroides (c) and Pediococcus
(d) isolates used for heat rl.9sistance
determinations (~represents two
micrometer) .
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Table 2.2.1 Heat treatment time intervals for four lactic
acid bacteria isolates from spoiled
vacuUl-packaged vienna sausages.

I Isolate Temperature Exposure time
(OC) (seconds)

---
Lac:tobacillus 57 0; 30; 60; 120; 150; 130
sake 60 01 30; 60; 90; 120; 180

63 0; 15i 30: 60; 120; 150

Lactobacillus 57 OJ 10; 20; 40; 60; 75
curvatus 60 0; 15; 30; 45; 60; 65

63 0; 7: 15i 30: 45; 55

Leuconostoc 51 0: 30: 60; 120; 150; 180
JIIesenteroides 60 OJ 30; 60; 90; 120i 140

63 0; 7~ 15i 30; 60; 90

PediococClID 57 J Oi 30; 60; 120; 150, 180
sp. 60 0: 15: 30; 60; 90; 120

63 0; 7; 15; 30; 60; 90

~~
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Table 2.2.2 Da_ and z-values for four meat spoilage lactic acid bacteria heated at
631 60 and 57°C.

Heating Lactobacillus Pediococcus Leuconostoc Lactobacillus
teeperature (OC) sake sp. mesenteroides curvatus

3215 30,2 20,2 14,4
63 (25,5-41/8~ I (21,8-49,3) (16,6-25,8) (1114-19,6)

r:: -0,937 r = -0,807 r ::-0,925 r ::-01895
39;3 32,9 31,3 15,6

60 (34,2-46,1) (26,9-4211) (25,3-41,2) (13,8-17,9)
r = -0,963 r ::-0,924 r = -0,929 r = -0,972

!
52,9 49,9 34,9 22,5

57 (42JO-71,3) (43,1-59,2) (31,1-39,9) (17,2-32,2)
r = -0,918 r = -0,958 r = '·0,974 r = -01869

z-value (OC) 28,3 27,5 25,2 30,9

a D-values in seconds, 95% confidence intervals shown in brackets.
b Correlation coefficients (r) for linear regression lines from which D-values were

derived are shown,

I

j
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CHAPTER THREE

EFFECT OF IN-PACKAGE PASTEr"qIZATION
ON THE MICROBIOLOGICAL SPOILA~E ECOLOGY

OF VACUUM-PACKAGED VIENNA SAUSAGES
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3.1 EFFECT OF IN-PACKAGE PASTEURIZATIONON SHELF LIFE
AND SAFETY OF VACUUM-PACKAGEDVIENNA SAUSAGES

ABSTRACT

The effect of three in-package ~dsteurizationtreatments of
increasing severity on the microbial ecology of
vacuum-packaged vienna sausages was assessed under constant
te~perature storage at 8°C. Treatment parameters were
calculated from D-values of predominant lactic acid
bacteria from spoiled vacuum-packaged vienna sausages.
Microbiological shelf life values (5X106 CFUg-1) 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 Listeria and Clostridium
was determined. Pasteurization lowered the initial
contamination levels and significantlydecreased growth of
lactic acid bacteria. Depending on treatment, the
microbiological 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
cOlnpletely eliminated from pasteurized samples. The
incidence of ,1.isteriaand Clos'tridiumwas low in control
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 A, however, were
documented in pasteurized sarnples. Although the heat
treatment effectively delayed spoilage by lactic acht
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
may eithe!r be raw or cooked (Tompkin, 1986). Cooked
processed meat products receive heat treatments to core
temperatures of at least 60°C and frequently to above 70°C,
which normally eliminate vegetative microorganisms] so that
only bact:erialspores of Bacillus and Clostridium CQo) app ,
survive (Houben, 1982; Nielsen and Zeuthen, 1984a,b; Carr
and Marchello, 1986~ Delaquis 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 (pa.l. "','lis
and stiles, 1978; Steele and stiles, 1981; Nielsen and
Z~uthen, 1984a,b; Borch et al., 1988; Dykes ~t al., 1991).
Since cooked processed meats are typically low-acid (pH ca.
6,0), have a high water acti.vity (0,97-0,99) and contain a
wide variety of freely available nutrients, they provide a
favorable environment for the growth !;md multiplication of
a variety of microorganisms (Buchanan, 1986).

J

Numerous studies implicated the lactic acid J:acb:n:ia(LAB)
as the major spoilage populations of vacuum-packaged
processed meats (Allen and Foster, 1960; Sharpe, 1962;
Kempton and Bobier, 1970, Mol et al., 1971; Korkeala et
al., 1987; Zurera-Cosano et al., 1988; von Holy et al.,
1991a,b). The domina.nce of these bacteria in the spoilage
association of processed meat products was attributed to
their tolerance of micToaerophilic conditions within vacuum
packs, as well as their ability to grow at refrigeration
temperatures (Kempton and Bobier, 1970; Enfors and Molin1
1980; Egan, 1983; Buchanan, 1986; Holzapfel and Gerber,
1986). In addition, the production of lactic acid during
growth of LAB results in a d.ecrease of pH to levels
sufficient to inhibit growth of other potential spoilage
and pathogenic microorganisms such as ~rochothrix
thermosphacta, Ente~obacteriaceae and Clostridium spp.
(Ritter, 1950; Rieman, et al., 1972; Davidson and Webb,
1973; Christiansen et; al., 19'75; SJ:l'~..et al., 1978;
Schillinger and Lucke, 1988; duschild, 1989).
Furthermore, the production of antimicrobial compounds such
as diacetyl and bacteriocins was recognized as an important
selection factor for the j,)redominanceof LAB in processed
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meats and other foods (Daly et al., 1972; Jay, 1982;
Nielsen and Zeuthen, 1985; Anderson, 1986; Wang et al.,
1986; Klaenhammer, 1988~ Schillinger and Lucke; 1989;
Karunaratue et 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 botu] ~..num and Listeria (.1.. )
monocytogenes_ (Spelhaug and Harlander, 1989; Schillinger
and Holzapfel, 1990; Berry et a1., 1991; Okereke and
Montville, 1991; Schillinger et al., 1991; Degnan et al.,
1992). Antimicrobial activity of LAB was recognized as an
Lmpor-cant; factor Ln inhibition of clostridia in processed
meats, since these products typically have pH's, water
activity and salt concentrations that allow for growth of
mar.y clostridial strains (Riemann et al., 1972'i Sperber,
1982; Hauschild, 1989; Labbe, 1989; Table 3.1.1).

I

)

studies on vacuum-packaged processed meats under controlled
temperature storage have shown that LAB dominated the
spoilage populations irrespective 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 91., 1984; Zurera-Cosano ~ al'i
1988; Rorkeala et g_~., 1989). Korkeala et ale (1989)
reported the shelf life of vacuum-packaged cooked ring
sausages to be 55, 43, 29 and 17 days at 2, 4, 8 and 12°C
stora.ge, respectively, at which time the lactobacilli count
reached 107 colony forming units per gram (CFUg-1).
Zurera"'Cosano et ale (1988) found similar results for the
shelf life of vacuum-packaged Frankfurters at 28 and 42
days during storage at 7 and 2°C, respectively and numbers
of LAB reached 108 CFug-1• A variety of sliced,
vacuum-packa.ged continental meats exhibited a shelf life of
only 8 days at 7°C, after which bacterial numbers had
reached 108 CFUg-1 (Schneider et 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 illthe above studies was
taken as the ti.me needed for products to become visibly
spoiled, which occurred at LAB counts of 107 to 108
CFUg-l• In a previous study, the shelf life of
vacuum-packaged vienna sausages (VPVS) was 11 days at 7°C
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storage (von Holy et al., 1991a), based on maximum
microbial numbers of 5X106 CFUg:-1 and termed the
microbiological shelf life. At th.is sbaqe the product
showed no visible spoilage symptoms, (von Holy at al.,
1991a) but the counts were taken to indicate a realistic
criterion of imminent shelf life expiry (von Holy et a],,_.,
1991a) .

The above studies demonstrated that aheLf life of a variety
of vaouune-packaqed processed meats was relatively short,
even at low temperature storage. The control of spoilage
of such products by low temperatures a.lone , therefore, does
not appear to be effective.

Numeirous preservation methods (heating, freezing, chilling,
freeize-dryingf drying ~ curing, saltlng I 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 hlll:.·dles),i.e. F (high
temperature), t (low temperature), ~ (less available
water), pH (sufficient acidification), Eh (reduced oxygen
potential), preservation (e.g., nitrite, smoke, CO2) and
radiation (e.g., gamma rays). The hurdle concept, as
described by Leistner (1987), recommends the incorporation
of combinations of these parameters into food products at
appropriate intensities, so that undesirable microorganisms
are unable to overcome them. Spoilage would thus be
prevented or delayed. Furthermore it was shown that
hurdles have ~n intensifying effect and enhancements of
individual hurdles exerted a synergistic effect on the
microbiological stability of the product (Leistner, 1987;
Scott, 1989).

J

Vacuum-packaged vienna sausages account for approx. 23% of
products manufactured by South Afrl.:;.......meat proceasons
(Business and Marketing IntelJigence, 1985). These
products are prone to spoilage by LAB during refrigerated
storage, resulting in costly losses to producers (von Holy
and Cloete, 1992). To control the microbiological spoilage
of VPVS, only limited opportunities for manipUlation of
hurdles exist 't..ritb.outadversely affecting product
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characteristics. Processed meats have water activities
(aw) and pH's which allow for the growth of spoilage LAB
(Buchanan, 19~6). Vacuum-packaged vienna sausages, for
example the ones used in this study, have a typical aw of
0,98 and pH of 6,2. Furthermore, many meat spoilage LAB
are psychrotrophic and hence capable of growth at 5°C,
microaerophilic as well as tolerant to high concentrations
of nitr.:i.te(Dodds and Collins-Thompson, 1984; Buchanan,
1986, l<"ranzet a1., l.991). The use of high temperature (F)
as an additional hurdle to low temperature product storage,
however, was considered an attractive option to control the
spoilage of VPVS by LAB, since the size of microbial
populations surviving a pasteurization process was shown to
be inversely 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 al., 1991a).

In-package pasteurization of vienna sausages in double
layers previously achieved m,ticeable shelf life increases
(von Holy et al., 1991a) but was performed on a 'Itrialand
error II basjs and did not take into account the heat
resistance of spoilage LAB. Furthermore, von Holy et al.
(1991a) found VPVS to be poorly heat penetrated during
pasteurization, and maximum sausage core temperatures of
only 57°C were achieved.

I

I
j

This study, therefore, aimed to use in vitro heat
resistance data of meat spoilage LAB to calculate heat
process (FT) values (stumbo, 1965; Pflug, 1987~ Muller,
1989) that would better define heat process requirements
for in-package pasteurization of VPVS. In-package
pasteurization was undertaken to decrease LI\Bcontamination
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 von Holy et a1. (1991a),
furt.harmore, did not determine the effect of pasteurization
on presence and growth of pot~ntially 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
quantified.
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3.1.2 MATERIALS AND METHODS

3.1.2.1 Determination of heat processing (FT) values

Three different secondary or in-package heat treatments
were applied to VPVS (Table 3.1.1). The first treatment
(PASTl) was: relatively mila and not based on a heat
processing (FT) value (Stumbo, 1965; Pflug, 1987; Muller,
1989). Instead, a core temperature of 60°C was arbitrarily
selected. The second (PAST2) and third (PAST3) heat
treatments of VPVS were, however, baseu on FT values
(Table 3.1.2).

3.1.2~2 Heat procet'ilsing

i
I
I

j

Vienna-type emulsion sausages were manufactured according
to a standard commercial recipe-a.ndmethod at a local meat
processing plant (von Holy et al.i 1991a,b). Sausages were
vacuum-packaged in sj.,nglelayers (Fig. 3~1.1) into 400 gram
packs. These were subsequently taken directly from the
production line and split into four groups. untreated
packs served as a control, while the other three groups
(PASTI, PAST2 and PAST3) each received a secondary,
in-package pasteurization treatment. Pasteurization of
each group occurred independently, immediately after one
another, in a water cooker heid at 67°e under continuous
stirring (Fig. 3.1.2). Sausage core temperature and other
pasteurization parameters are shown in Table 3.1.2. water
temperature was monit,oredbefore and during pasteurization
using a Fluke 51K/J 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 measured 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 middle 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. 3.1.5) 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 Tabl?
3.1.3. Samples were transported to the laboratory and
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stored at 8°C (±Or5°C) in a low temperature incubator (Fig.
3.1.6). A storage temperature of 8°C was used as it was
representative of bemperatures in retail display cabinets,
which can reach 8 t.o10°C or more in upper product layers
(Mukherji and Qvist, 1981).

3.1.2 •~IMicrobiological 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, ca • five-daily intervals for 'thenext 45
days, followed by weekly intervals to the end of the
storage period (128 days). In addition, duplicate packs of
each treatment were also analyzed for the presence of
Listeria and Clostridium after one, two, three, five, seven
and eighteen weeks of storage at aOc.
Packs were opened aseptically and samples taken by cutting
across individual sausages and ase1ptically removing 20g
from the middle of each vacuum bag. These were homogenized
in 180ml of quarter-strength Ringer:s solution (OXOID) for
two minutes using a Colworth 400 stomacher. Numbers of
total aerobic bacteria (TAPC), lactic acid bacteria (LABC),
Enterobacteriaceae (EC) and yeasts (YC) were determined by
duplicate pour (10-1 dilution)' and spread plating of a
single serial tenfold dilution in quarter-strength Ringers
solution (Table 3.1.4). Plates showi.nq between 30 to 300
colony forming units (CFU) (or highest number if below 30)
were counted and counts from dupl.Lcat;e plates were meaned
and converted to logarithms. Corresponding log number'S
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 log 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
removed and
(OXOID) using

of Listeria, 25 grams
homogenized in Listeriq
a Colworth 400 stomacher.

were aseptically
Enrichment Broth
For isolation of
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Clostridium,
Cooked Meat

a two-gram sample was weighed out into 10 ml
Broth (BURROUGHS WELLCOME) (Table 3.1.5).

Conditions and procedur~s for enrichment, isolation,
purification and identification are shown in Table 3.1.5.
Clostridium perfringens isolates were typed according to
the methods of cruikshank e~ ala (1975).

Samples were assessed
recording development of
"blowing" (Fi9. 3.1.8) or
and sour or "off!!odors on
determined from the 10-1
microprocessor pH meter.

for organoleptic spoilage by
milky exudates (Fig~ 3.1.7),

loosening of packaging material,
opening of packs. Sample pH was
dilution using a Jenway 3100

3g1.2.4 Shelf life determination

The microbiological shelf life (MSL) of VPVS was defined as
the time needed for microbiological counts (LABC and TAPC)
to reach 5Xl06 CFUg-1 (von Holy et al.,1991a).

3.1.2.5 COmputational methods

To test for significant differences between the LABC and
TAPe 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
to test for significance of storage day effect and
pasteurization treatment effects on microbial counts (LABC
and TAPC), as well as for their interaction. All
computations were carried out using the STATGRAPHICS
(version 5,0 STSC Inc. and Statistical Graphics
Corporation) statistical soft.wareprogram.

3.1.3 RESULTS AND DISCUSSION

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 sampling day o. Microbial
numbers of control packs wer'enoticeably higher than those
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of pasteurized packs, which was an expected trend, since
control packs received no secondary (in-package) heat
treatment. In the case of LABC and TAPe, initial baC'i::.erial
numbC?rs were reduced from gg. log 3,0 CFug-1 to ca. log
1,0 CFUg-1 or less (Table :.,1.6). Pasteurization
therefore effected a reduction of at least 2 log CFUg-l.
Enterobacteriaceae and yeasts were, however, reduced to
below detectable levels by the pasteurization process
(Table 3.1.6).

Surface contamination of emulsion-type sausages during
processing has been reported af·ter smoke-cooking from
environmental sources (Korkeala and Lindroth, 1987; Borch
et al., 1988; Dykes et al.,1991). Initial bacterial numbers
(h~BC and TAPC) of control samples (Table 3.1.6)
corresponded to previously reported levels of log 2,52
(LABC) and 3,94 (TAPC) CFUg-1, for ·the same type of
product immediately after processing (Dykes et ala, 1991).
Initial numbers of Enterobacteriaceae and yeasts of this
study, however, were noticeably lower than those 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 microorganisms can be explained by
varying levels of factory and/or personal hygiene at the
different manufacturing times. Secondary (in-package)
pasteurization, therefore, was effective in reducing
numbers of initial bacteria and yeasts to below
contamination levels in control packs.

For the PAST2 treatment, the heat processing (FT) value
was calculated to allow 10 CFUg-1 LAB to survive the
pasteurization treatment (Table 3.1.2) ar.2initial numbers
of LAB approximately decreased to this level (Table
3.1.6). For PAST3 treatments, however, the theoretical
FT-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 pH, aWl type of heating
medium and presence of salts and other organic or inorganic
compounds (Silliker et al., 1980). Furthermore, it has
been shown that decimal reduction time (D) values for
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Listeria monocytogenes in meat emulsion were two to three
times higher than those determined in tryptone soya broth
(Quintavalla and Campanini, 1991). Since FT-values for
pasteurization in this study were calculated from in vitro
heat resistance data (ch. 2.2), the in situ heat resistance
of LAB was anticipated and confirmed to be greater (Tables
3.1.2 & 3.1.6) than in vitro heat resistance of the same
bacteria in quarter-strength Ringers solution (ch. 2.2).

Lowering the initial numbers of bacteria in finished
processed meat 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 t.oletverinitial contamination
levels of VPVS. Pasteurization, however, should not be
regarded as a substitute for hygiene to achieve a reduction
in initial numbers of spoilage bacteria. It hus been
documented, however I that there was no relationship bettveen
initial numbers and subsequent growth of LAB in processed
meat products (Kempton and Bobier, 1970), and that LAB
became the predominant spoilage populations regardles~iof
initial contamination levels (Reuter, 1969).
Microbiological analysis of VPVS was therefor~ regarded as
necessary to determine whether a reduction of initial
numbers of LAB by pasteurization'would affect product sh~lf
life, as well as composition of predominant spoilage
pOpulations.

3.l.3.2.1 Effect of pasteurization on numbers of
Enterobacteriacea1e and yeasts

3~1.3.2 Effect of in-package pasteurization on microbial
numbers and shelf life

Counts of Enterobacteriaceae and yeasts for control samples
fluctuated between < log 2,0 and 4,0 CFUg-1 for the first
24 days (Fig 3.1.9a). NumtJerS of these microorganisms,
however, decreased as storage time increased and after 68
days of storage at soC, 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 et ~l.,1978;
Paradis and stiles, 1978; Nielsen, 1983; Schneider et al.,
1983; Zurera-Cosano et al., 1988; von Holy et al., 1991a).
Antimicrobial activity of bacteriocinogenic LAB was
documented as an important selection factvr resulting in
the reduced predominance of Enterobacteriaceae and yeasts
i. processed meats (Daly et al'l 1972; Nielsen and Zeuthen,
1985; Andersson, 1986). In addition, diacetyl, a metabolic
end product synthesized by LAB from pyruvate (Kandler,
1983), has been shown to inhibit yeasts (Jay, 1982).
Furthermore, sensitivity of Enterobacteriaceae towards
microbially produced lactic acid and associated pH
decreases occurring during growth of LAB in foodstuffs,
have been documented (Ritter, 1950; Davidson -and Webb,
1973; Shay gt al., 1978; Grau, 1981; Gill and Newton, 1982;
Niels~n and Zeuthen, 1985).

The growth of LAB illcontrol samples of this study resulted
in concurrent pH decreases (Fig. 3.1.9a) and a noticeable
decrease from initial product pH values of ca. 6,2 - 6,3 to
below pH 6,0 occurred when the L1~Bcount reached approx.
log 7,0 CFUg-1 (Fig. 3.1.9a). This correlated well to
findings of Korkeala et gl. (1990) who showed that pH
values of cooked ring sausages were first at a constant
level of ca. 6,3, but decreased sharply after the lactic
acid bacteria count reached ca. log 7,7 CFUg-1• Further
pH decreases from pH 6,0 to 5,0 occurred as numbers of LAB
increased to ca. log 8,0 CFUg-1 (Fig. 3.1.9a). This
corresponded to a decline in numbers of Enterobacteriaceae
from ca. log 3,0 to 2,0 CFUg-'l (Fig. 3.1.9a) . Numbers of
these bac.::teriadeclined further as the pH dropped to lower
levels, until no more Enterobacteriaceae were recovered
after 63 days (Fig. 3.1.9a). Microbially produced lactic
acid and concurrent reductions of product pH may,
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 ca. 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 as slower growth
rates and inefficient substrate utilization (von Holy et
a1. I 1991a).

For pasteurized samples, nuw~ers of Enterobacteriaceae and
yeasts were generally lower than log 0 I 6 CFug-1 for tIL
entire storage period (Fig. 3.1.9b) . Moreover, these
microbial groups were not recovered on all sampling
occasions, which indicated almost complete elimination by
pasteurization. LO\Ol heat resistance of most
Enterobacteriaceae has been documented and is exploited
commercially in, for example; milk pasteurization (Jay,
1986). This elimination of Enterobacteriaceae in VPVS was
desirable from a practical point of view, since it could
reduce the incidence of bacteria such as Yersini~
enterocolitica and salmonellae in vacuum~packaged processed
meats (Nielsen ano 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 lacti~ acid bacteria

Microbial counts (LABC and TAPC) of non-pasteurized
(control) and pasteurized samples over 128 days storage are
shown in Fig. 3.1.10. For control samples, counts
increased rapidly over the first 14 days to Leve.Ls around
log 810 CFug-1• Bacterial counts then stabiliZf~d at .Q.§..

log 8,0 CFUg-1 (Fig. 3.1.10). For pasteurized samples,
considerable fluctuations in microbial nu:m.berswere
evident, but for PASTl and PAST2 treatments, a gradual
increase in numbers to ca. log 8,0 CFUg-1 could be
observed with increasing storage time (Fig. 3.1.10).
Although counts of the PAST3 treatment also increased to
Q_a,. log 8,0 CFug~l, low counts at various sampling
intervals indicated high variability beti.'I7eensamples (Fig.
3.1.10). Figure 3.1.10 also shows noticeable differences in
shelf life (Table 3.1.7) and bacterial numbers (LABC and
TAPC) between (;..~tltroland pasteurized samples. statistical
analysis of the difference in numbers of these bacteria

,
I
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between control and pasteurized treatments was therefore
not deemed necessary (D.H. Meyer, pers. comm.)*. Since
bacterial numbers of all pasteurization treatments were
comparable and ranged from log 1,0 to 4,0 CFUg-1 for the
first tweuty days of storage (Fig. 3.1.10), statistical
analysis to test for a significant difference between
pasteurization treatments was only applied to counts aft.er
day twenty (D.H. Meyer, pers. comm.)*.

The two
treatment

way NmVA showed
effec'ts for both

significant (p = 0,00) day and
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.

~
J

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 et al.,
1938; von Holy e't al., 1991a,b; von Holy and Cloete,
1992). In the case of pasteurized samples, however, counts
fluctuated considerably and there was no consistent
increase in bacterial numbers between all sampling
intervals. Fluctuations in LABC and TAPC between
pasteurized VPVS samples on successive sampling days have
been reported previously, and were ascribe~ to inter-sample
variation resulting from unequal heat renetration during
pasteurization (von Holy et al., 1991a). Unequal heat

* D.H. M~yer, Department
of the Witwatersrand,
South Africa.

of S'tatistics, Ur.iversity
pmVITS 2050, Johannesburg,
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penetration of sausage packs thus might have occurred also
in this study, de :....ite attempts to minimize this effect by
packaging sausage~ into single layers. Furthermore,
inter-sample variations could have resultf:d ,C-·,.:-omsmall
differences in heating times, since not alJ p~cks co~ld be
r'emoved from the wate ': cooker at exactly the same time
(Table 3.1.3). Counts (LABC and TAPC) of pasteurized
samples in this study also 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 befo:r.ethat the size of
the microflora surviving a pastet'l.rizationprocess is
inversely related ·to the severity of \.~leheat 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 (si l.likcr
et al.., 1980) . St.atistically :::Iignificantdifferences
between the pasteurization 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.~.2.3 Effel"" of pasteurization on microbiologica.l
shelf life of vacuum-packaged vienna sausages .

Microbiological shelf life (MSL) based on LABC and TAPC for
the different treatments is shown in Table 3.1.7. Shelf
life values derived from LABC and TAPC corresponded
closely, as was the case in previous studies (von Holy et
al., 1991a, Marshall, 1991). This implied that the LAB
constituted the majority of the TAPC for all pasteurization
treatments, which also was in agreement with an earlier
report (von Holy et al., 1991a). The MSL of VPVS increased
with Lncr'eas Lnq 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 b~~n previously reported to be eleven days at 7°C
storage (von Holy et dl., 1991a), which was marginally
longer than observed in this study and may be explained by
the slightly lower storage temperature. 'Ilhe"mean" MSL
vaLnes of PASTI, 2 [And3 samples based on the LABC were 67,
99 md 119 days , respectively, whereas the !lworf',tcase'! MSL
for PASTI, 2 and 3 treatments were 28%, 8% and 5% shorter

,
I
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at 48, 91 and 113 days, respectively (Table 3.1.7). Thu~
sbelf life increazes of 10, 14 and 17 times (based on
"mean" MSL) and 8, 15 and 19 times (based on "worst case"
MSL) were a.chieved by paste7..l.rization.Since the "worst
case" scenario was based on the one sample of duplicate
packs showing higher md.cr-obf.oLoqz.ca.L counts, "worst case"
MSL ~~y 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 life were achieved by relatively
mild in-package pasteurization processes.

Secondary or Lrr-packaqe pasteurization previously
successfully increased shelf life of vacuum-packaged
products such as ham (Houben, 1982; Delaquis et al'l 1986),
hot process (smoked) fish (Eklund et al., 1988) and cooked
pork chops (Prabhu, et al., .1.988)• Shelf life of VPVS
packed in double layers (Marshall, 1991; von Holy et al.,
1991a) also i.ncreased after a secondary, in-package heat
treatment. Von Holy et ale (1991a) reported a fourfold
increase in s.:helflife of VPVS stored at 7 a C, when sausages
were pasteurized for twenty minutes in a water cooker held
at 78 to 81°C. Marshall (1991) also report.cd fourfold
shelf life increases of vacuum-packaged vienna sausages
stored at aOc, after pasteurization in a water cooker for
30 mim·tes at 70°C. The double layer packs used ln the
above studies, however, showed poor heat penetration and
von Holy et ale (1991a) reported temperatures at the center
of packs to vary from a minimum of 52°C to a maximum of
57·C. Packaging of product in single layers (Fig. 3.1.1)
clearly alleviated the occurrence of such "cold spots" and
led to a quicker and more even heat distribution, which
resulted in longer sh"df life of VPVS pasteurized at lower
heating temperatures. Product core temperatures in this
study reached ca. 63¢C (PAST2 and 3) in ~. ten minutes
(Table 3.1.3). This, together with the fact that bacterial
growth on emulsion-type sausages :\s e: '~ntially surface
associated (Korkeala and Lindroth, 198',r Borch et ale I

198B; Dykes et al., 1991; von Holy and Cloete, 1992) and
therefore in direcc proximity of the heat source, could
explain the increased shelf life. Packaging of sausages
into single, as opposed to double layers, for in-package

I
,~,
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pasteurization
product shelf
industry in
processing.

purposes is not only effective in increasing
life, but also attractive to the meat

terms of saving energy and time during

Figure 3.1.10 indicated that the LABe and TAPe of ~ll
treatments corresponded closely over most of the samp~~ng
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 aerobic plate counts. Thi.s test showed no
significant differences between LABC and TAPC of control (p= 0,54), PASTl (p = 0,68) and PAST2 (p = 0,09) treatments.
Th~3, together with our earlier findings that the MSL of
VPVS (based on LABC and TAPe) corresponded well (Table
3.1.7) , confirmed that LAB constit.utedthe majority of the
TAPC for control, PASTl and PAST2 tr~atments. The paired
students t test, however, suggested a highly significant
difference (p = 1,61 x 10-6) between LABe and TAPC of
PAST3 counts, which indicated that in this case the TAPe
was constitut~d of otihe.: bacterial populations in addition
to LAB. 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 held trUe.

The fact that the TAPe for PA~",T3treated samples on
reaching the microbiological shelf life was constituted of
bacterial populations other than LAB, contradicted the
findings of Reuter (1969), that regardless 0: initial
numbers LAB became the:predominant spoilage pcpuLatid.ons of
vacuum-pac.kaged processed meats. Since PAST3 was the most
severe heat treatment applied, the change in predominance
might have been due to sporeforming bacteria such as
~cillu$ or Clo§tridium. 8pores of these bacteria are
known to be mOTe heat ~esistant than vegetative cells
(Stum~o, 1965; Silliker et al.p 1980: Nielsen and Zeuthen,
1984a,b; '{{okubo _gj;;. al., 1986; Miiller, 1989). Sirlcevon
Holy (1989) reported an increased predominance of 13a.cillus
spp. following past~urization uf VPVS, heating of product,
therefore, appeared to select for more heat resistant
sporeforming populations in this study. This could explain
the significant differences between LABe 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 selecting for potentially
pathogenic ~lostridium spp, by pasteurization \l7ould,for
exampl~f imply a potential consumer hazard, and thus
warrant further investigations 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
previously (Egan and Shay, 1982; von Holy et al., 1991a).
Although no professional organoleptic testing regimes were
applied, most pasteurized and non-pasteurized samples were
not organoleptically unacceptable when counts reached the
MSL (5X106 CFUg-1) (Figs. 3.1.11 to 3.1.16), apart from
an occasional sour smell and slight loosening of packaging
material. When total aerobic and lactic acid bacteria
counts reached 1X108 CFUg-1, however, milky exudates
occurred within packs and packaging material had loosened
noticeably (Figs. 3.1.11 to 3.1.16). In addition, on
opening of packs a distinct sour or "off" smell was noted.
Th(;;lseobservations were in accordance with other reports on
a variety of vacuum-packaged processed meats, in which
products were deemed spoiled when LAB or total aerobic
plate counts reached 1XI08 CFUg-1 (Allen and Foster,
1960; Mol et 5.1., 1S.7]':Egan et al., 1980; Korkeala et lie I

1989) . HoWever, when counts reached 1x108 CFUg-1,
spojlage 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. 3.1.11 to
3.1.16). speculatively, it was concluded that the les~
severe spoilage symptoms in pasteurized samples GoulQ be
explained by a cb.ange in predominance of spoilage
microorganisms brought about by tl'le pasteuri zat.Lon
process. Predominant microorganisms in pasteurized product
were thus speculated to differ from those of control
samples on account Qf less severe spoilage symptoms.
Clearly, 'the composition of predominant spoilage

I

j
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populations in pasteurized and non-pasteurized VPVS would
require further study.

3.1.3a4 Effect of pasteurization on predominance of
Listeria and Clost~idium

The incidence of Listeria and Clostridium 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 Listeria 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. butyricy~)
in the tinal week of storage. For pasteurized samples,
however, clostridia were isolated more frequently (Table
3al.8). Out 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 included Q.
bifernlentans, .Q. sporogenes, Q. subterminalg, .Q.
litus-eburense, Q. leptum, c. pytrificum, Q. sphenoides, Q.
butyricum and Q. perfringens (type A).

Listeria monocytogene&!.1a bacterl.al foodborne pathogen, has
been linked to foodborne illness outbreaks involving a
variety of foods (Fleming et a1., 1985, Linnan et !U.,
1988; Barnes et al., 1989). Although no outbreaks of
listerio~is have to date been associated with meat
products, risk factor analysis for sporadic listeriosis
suggested an epidemiological association between eating
non-reheated hot-dogs and human listeriosis (Schwartz et
al., 1988, Glass and Doyle, 1989). Most infectious
microorganisms are controlled in food by manipulating and
controlling of one or more hurdles like pH, aw' storage
tempera'ture and preservatives (Leistner I 1987; Scott,
1989). The control of ~. monocytogenes in foods, however,
has been regarded as difficult due to the microorganism's
unique 'tolerance to control factors that would normally
prevent, or severely limi.tgrowth of other common foodborne
microbial pathogens (Leistner, 1987; Doyle, 1988; McClure
at al., 1991). For example, Listeria has minimum growth

1
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temperatures and pH's of o'c and pH 4,3 to 4,5,
respectively (Farber et Silo, 1989; McClure nt ai., 1989;
Grau and Vanderlinde, 1990). Furthermore, these bacteria
have been reported to grow at decreased oxygen
concentrations and to tolerate relatively high (gg. 10%)
concentrations of NaC1 as well as sodium nitrite (See1iger,
1961; Shahamat et a1., 1980; McClure et a1., 1989).
Shahamat et a1. (1980) suggestad that 100ppm nitrite
inhibits growth of L. monocytogenes 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% NaC1 ana a maximum of ca. 100ppm residual nitrite
(M.A. Jenkin, pers. comm.)*, which might well allow for
the growth of Listeria spp.

The Lso.Lat.fon of one Listeria strain in this study, as well
as rEtported Lncd.dencas of Listeria at frequencies of 10 to
50% in other vacuum-packaged processed meats, showed that
contamination by and growth of this pathogen CQuid occur in
these types of products (Buncic et gl., 1991; Rorvik and
Yndestad, 1991; Grau and Vanderlinde, 1992). Since only one
Listeria strain was isolated from a control pack of
sausages during the first week of storage in this study,
and no Listeria could be isolated during subsequent product
storage, it was speculated that these bacteria were
successfully inhibited by competitive LAB populations.
This was thought to be highly likely since numerous reports
have shown that a diversity of LAB strains are anta90nistic
towards and inhibit growth of Listeria (Klaenhammer, 1988;
Harris et a1., 1989, Raccach et a1., 1989: Spelhaug and
Har1ander, 1989; Ahn and sti1est 1990; Schillinger and
Holzapfel, 1990; Hastings and stiles, 1991; Schillinger et
91., 1991; Skytta et al., 1991; van Laack et Al., 1992)

* M.A. Jenkin, ~nterprise Foods, P.O. Box 570, 1400
Germiston, South Africa.

Initial conta.mination levels of Listeria in vacuum-packaged
processed mea'cs varied from 0,3 g-l for vacuum-packaged
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ham samples up to gg. 3X104 CFUg-1 in sliced
vacuum-packaged processed meat products (Rorvik c
Yndestad, 1991). As a potential for contamination of
processed meats (including VPVS) by Listeria spp. does
exist, and since these pathogens may have a low infective
dose especially in susceptible persons (Varabioff, 1992), 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. monocytogenes in
vacuum-packaged processed meat products (Glass and Doyle,
1989). Although there have been numerous detailed studies
on the thermal resistance of ~. monocytogenes 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
et al., 1991). It has nevertheless been proposed that
cooking t1rocesses normally applied to processed meat
products should be adequate for the elimination of L.
monocytogenes (Glass and Doyle, 1989; Zaika et al., 1990).
Zaika et ala (1990) showed th~t the typical process for
cooking Frankfurters (70 minutes to an internal temperature
of 7i,1°C) should kill L. monocytogene~ at <103 CFUg-1
initial contamination. Similar heating processes employed
during the manufacture of vienna sausages (70 minutes to
reach an internal temperature of 72°C) (von Holy et aL,
1991b) should, therefore, be adequate to destroy these
pathogens also in this product, provided the initial
contamination is <103 CFUg-1• contamination of
vacuum-packaged processed mp.atsby Listeria could, however,
also occur as post-processing contamination (Varabioff,
1992). This contamination could then be eliminated by a
secondary (in-package) pasteurization step.

i;

Thermal resistance studies for L. monocytogenes have
reported relatively IO~7 D-values of 0 I 65 minutes at 650 C
and 1,1 minutes 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 meat increased the heat resistance of this pathogen
between fivefold and eight fold. The reported D--valueof
L. monocytogene~ in ground meat plus cure (cure included
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nitrite, dextrose, lactose, corn syrup and gg. 3% NaCI) w&s
1r28 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~ anaerobic spore forming bacteria of the
genus Clostridium include the well described foodborne
pathogens Q. botuli:turn and Q. perfrinf.l.§1l.s(Atlas~ 1984).
Q. 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. botUlinum types C and D are non-pathogenic to humans,
and type G has not been implicated in human disease to date
(Sperber, 1982). Most type E outbreaks of botulism were
associated with consumption of fish or fish products (Sofos
et al., 1979; Simunovic at al., 1985). Nume~ous reports
indicated that ~ botulinum is a rare contaminant of
processed meats. Insalata et' gl. (1969) and Taclindo
(1967) found only one out of 400 samples of vacuum-packed
Frankfurters, and 73 samples of luncheon meats,
respectively, contaminated with Q. botulinum type B. Whl.le
Abrahamson and Riemann (1971) found only six samples of 372
meats to be positive for Q. botulinum, Kokubo !3tal. (1986)
failed to detect the pathogen in any of 469 cooked meat
products.

I
J

Enterotoxin producing Q. 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
outrbreaks of~. perfringens" however! were caused by type A
strains (Labbe, 1989). Conflicting reports on the
incidence of Q. perfringens in processed meats are reported
in the literature. Fruin et al. (1978) reported that less
than 1% of 419 Bologna product samples contained these
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bacteria, and that counts in p(..)si.tivesamples were <.5
CFUg-1. Duitschaever (1978) and Paradis and stiles
(1978) could not 0,etectQ. perfrin~ in 180 Frankfurter
samples and 113 samples of vacuum-packaged sliced Bologna,
respectively. By contrast, Kokubo et al. (1986) detected
clostridi~ in 32,8% of 469 cooked meat product samples and
44,8% of isolates were Q. perfringens. contamination by
clostrid.ia in 90,9% of these positive samples, however, was
at ~ ~vel of <10 CFug-1. Although only a limited number
of sa.l'.L_1eswere evaluated for the presence of clostridia 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 corrcami.natieprocessed
meats varying levels, these products have an exemplary
safe'c'" ccord with respect to botulism (Sofos et al., 1979 i
Sofos and Busta, 1980; Hauschild, 1982). Furthermore, Q.
perf,ringens has to date not been implicated in food
poisoning outbreaks from vacuum-packaged cured meats
(Steele and stiles, 1981). This is probably due to the use
of a combination of extrinsic and intrinsic control
parameters (hurdles) in these types of products. storage
temperature, for example, waR reported as a major factor
contributing to the safety of processed meat products with
respect to clostridial food poisoning (Riemann et ~.,
1972: Sofos and Busta, 1980: Hauschild, 1982: Nielsen and
Zeuthen, 1984a) • Report.edminimum growth temperatures '.1f
Q. perfringens, proteolytic and nonproteolycic Q.
bot~linum are shown in Table 3.1.1. These temperatures
indicate that growth of proteolytic strain~ of Q. botUlinum
types A and Band Q. perfringens s; ad not occur in
adequately (ca. 5°C) refrigerated processed me~t products.
These products do, however, pose a potential risk to the
consumer, since non-proteolytic types of Q. botulinum can
grow at refrigeration temperatures (Table 3.1.1). In
flddit::i.on, clostridia are known to survive long periods at
,;o~v 't.emperature and multiply once suit,ableconditions are
established, for example during times of product
temperature abuse (Christiansen, 1980: Sofos and Busta,
1980; Sperber, 1982: Nielsen and Zeuthen, 1984a).
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Growth limiting salt concentration { aw and pH values of
C. botulinum and C. perfringens are shown in Table 3.1.1.
Salt concentration, pH and aw values reported by Buchanan
(1986) for typical processed meats, would fall within the
range that permit growth of these pathogens. As most cured
meat products do not have sufficiently high levels of acid
and or salt to completely inhibit the outgrowth of Q.
botulinum or Q. 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 at al., 1979; Sofos and Busta, 1980).
To guarantee complete prevention of clostridial growth,
Grever (1974) recommended that 100-200 micrograms nitrite
per gram product should be added, depending on the heat
treatment of the product.t and the pH should be lower than
6,2. Nitrite effectiveness, however, was also positively
synergistic when used in combination with salt or low pH.
For example, Roberts and Ingram (1966), reported that the
antibotulinal activity of nitrite increased gg. 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; Labbe,
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 (Sofo~ et al., 1979) and
ascorbic acid (Sofos and Busta, 1980).

J
* M.A. Jenkin, Enterprise Foods, P.O. Bo~ 570, 1400

Germiston, South Africa.

Vienna sausages in our ~~udy had a pH of gg. 6,2, contained
2,2% sodium chloride, 150-200ppm ascorbic aci.dand <100ppm
of residual nitrite (M.A. Jenkin, pers. comm.)*. The low
incidence of Clostridium spp. in non-pasteuri.zed packs of
VPVS observed in this study (Table 3.1.8), may indicate
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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 ether studies (Riemann ~t al.,
1972; Sofos et al., 1979; Sofos and Busta, 1980; Sperber,
1982). One Clostridium butyricum isolate was detected
during the last week of storage of non'-paatieurLaed VPVS
(Table 3.1.8)8 but this isolate was non+patihoqerri.o,
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., 1975;
Christiansen, 1980). Nitrite concentrations in VPVS could
already have been depleted 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 to the clostridia (Table 3.1.1). Fu~thermore,
non-pasteurized VPVS were at that time spoiled. (Fig.
3.1.16) and likE':lyto be rejected by the consumer and/or
removed from retail display. Non-pasteurized VPVS, like
other processed meats, should therefore b~ safe from
clostridial foodborne illness since growth of' these
bacteria would be inhibited not only by nitrite and
refrigeration temperatures used for product storage, but
also by competitive lactic acid bacteria populations.

I
i
\~
L
!
I

For vacuum-packaged, cooked emulsion-style sausage,
however I it has been suggested that gr'.)wthof 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 to ~log 1,0 CFUg-1, depending on the
severity of the treatlilent (Table 3.1.6). In addition,
Clostridium spores survive heat treatments normally
employed for the processing of cooked meat products
(Nielsen and Zeuthen, 1984a,b; Buchanan, 1986; Kokubo et
al., 1986). These findings implied that a potential for
growth of these pathogens existed, which was reflected JJy
our results indicating a highe!:'incidence (41,7% to 75,0%)
of ~lostridium in pasteurized samples, when compared to
non-pasteurized samples (8,3%) (Table 3.1.8).
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Furthermore, this incidence increased with increasing
severity of heat treatment, from 41,7% in PAST1 treated
packs to 58,3% and 75,0% in PAST2 and 3 treated packs,
respectively (Table 3.1.8). The rol·eof competitive L.AB
populations in the inhibition of c10stridia has been
attributed to their ability to productl lactic acid which
results in pH decreases (Riemann et §..l., 1972; Christiansen
et al., 1975; von Holy et al., 1991a), as well as
production of bacteriocins (Spelhaug and Harlander, 1989;
Okereke and Montville, 1991). statistical analysis of
numbers (TAPC and LABC) of apodLaqe bacteria in VPVS over
the storage time (3.1.3.2.2) showed that there was a
significant difference in the g:r:owthof 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 'chat spoilage LAB indeed played an important role
in inhibiting the growth of clostridia in VPVS. Although
pasteurization was effective in delaying spoilage of VPVS
by LA~ and eliminating Listeria, the heat treatment
employed with the resul't..:mtreduction in spoilage LAB, was
also responsible for increasing the incidence of
potentially pathogenic clostridia.

Of the 25 Clostridium isolates from VPVS nine (36%) were
identified as Q. bifermentans, six (24%) as Q. perfringens,
two (8%) each as .Q. subterminale, g. butyricum and Q.
leptllm and one (4%) each as Q. sparogenes, Q.
litus-eburense, Q. sphenoides and Q. ~utrificum. Our
results thus corresponded well to those of Kobayashi and
Asami (1976, 1977) and Kokubo et ale (1986), indicating
that among the clostridia from cooked meat products Q.
pifermentans was isolated with the highest frequency,
followed by Q. perfringens. FUrthermore the above two
species were acknowledged as predominant in processed meat
raw materials (Baltzer and Wilson, 1965; Kokubo et al.,
1986), suggesting that the clostridia in this study
originated from similar sources.

Of the six Q. perfringens isolates five were
was undetermined, but produced alpha toxin.
Q. perfringens type A strains were only

type A and one
Interestingly,
.isolatedfrom
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pasteurized products (Table 3.1.8). Increasing incidences
of clostridia in pasteurized products and presence of
pathogenic Q. perfringens type A in these products,
therefore, suggested that pasteurized VPVS might be unsafe
for consumer use. Further work on numbers ~,:\~didentities
of these clostridia in pasteurized VPVS samples would,
however, be required to v~rify product safety.

3.1~4 CONCLUSIONS

Microbiological analysis of non~pasteurized VPVS showed
that rapid grovlJchof LAB to high numbers limited the sh€:lf
life to seven days at 8°C. Since LAB constituted the
maj~.'rityof the TAPe, these bacteria were recognized as the
predo~inant spoilage populations of non-pasteurized VPVS.
Entex..,jbacteriaceaeand yeasts, howevez , failed to establish
themselves in the spoilage ecology, most 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-1 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 K~mpton and
Bobier (1970) indicating no relationship between initial
numbers and subsequent growth of LAB in processed meat
products. By decreasing initial numbers and growth of
spoilage bacteria, in-package pasteu~ization of VPVS
successfully achieved shelf life extensions of 10, 14 and
17 fold (based on the LABe) compared to non-pasteurized
VPVS.

A report by Reuter (1969), that LAB become the predominant
spoilage populations of vacu~m-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 Clostridium) reduced the predominance of
LAB in VPVS. The impact of these bacteria on the spoilage

I["1
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and safety of VPVS clearly requires further study.

Incidences of both Listeria and Clostriqium in
non-pasteurized VPVS were low at 8,3% of samples analyzed,
in each case. Low incidences of Listeria and clostridia in
non-pasteurized sausages led us to conclude that growth of
these bacteria was probably inhibited b~' a combf.nat.Lon of
control factors such as the relatively low storage
temperatllre used (8°C), presence of nitrite and salt and
competitive LAB populations. Isolation of one L. innocua
stra;in durirg the first week of product sto~'age,howevez ,
suggestea that a potential for contamination by pathogenic
Listeri? f'xisted after smoke-coc-king of product. This
emphas Laer' t;tle.iecess Lty for hygiene and good manufacturing
processes aU:t:.1ng-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 were unable to survive
Lrr-packaqe pasteurization processes used in ti::isstudy.
Pasteurization of VPVS may therefor"~ contribute to the
safety of VPVS with respect to J.ist~ria transmission, in
addition to improving product shelf l,ife. Incidenoes of
Clostridium spp., l:'.owever,increased to 42%, 58% and 75% in
PAST1, 2 and 3 pasteurized samples, respectively. This,
together with the fact that potential enterotoxin producing
g. perfringens type A were isolated from samples of all
pasteurization treatments, suggested that clostridia
survfved the pasceur-Lz,s im" process and could l'l';:!nder
products unsafe for COnSUmfl. .se. It is not Known whether
clostridia in pasteurized products were pres;ent as
vegetat.ive cells or spores. Sut:lethal 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 hour.sat lOOGC (Silliker et al.,
1980), c10stridial spores, if present in sausages studied
here I could not:only have survived but also been activated
to germinate at the pasteurization temperatures used.

l
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FUrther studies on control parameters for inhibition of
growtll of clostridia 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 bactiez La, The first paaceur-i.aatd.onthus
would serve to activate bacterial spore germination, and
after a suitable incubation period during which out: ,'v7th
of vegetative cells would occur, product cou. c; be
re-pasteurized. In additionr 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
nit~ite concentrations in processed meats are well known to
be affected by product heating as well as storage periods
(Sofos et al., 1979), the use of sodium lactate might be of
special interest for inhibitio71of clostridia in processed
meats that have been subjected to in-package
pe.s'ceuri.aatd.on, Sodium lactat:.ewas previously shown to be
successful in inhibiting growth and toxin production of Q.
botulinum during storage of cook-in-bag turkey products
unde~ condi~~on~ of temperature abuse (Maas et al., 1939).

Consumer demands for decreased levels of salt, ni'triteand
other chemical prGservatives, however, seve.relylimit the
prospects for. control of clostridia in in-package'
pas'ceur-Laed vaouum-packaqed processed meat products by such
?thods. Thus, future work on controlling the spoilage of

these products should focus on less severe pasteurization
regimes i.e. lowe~ heat processing values. This 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.

I



Fig. :1.1.1

Fig. 3.1.2
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Vacuum-packaged vienna sausages packed in
single layers to a mass of 400g.

water to pasteurize
sausages in meat

cooker used
viennavacuum+packaqed

processing plant.



Fig. 3.1 ..3

Fig. 3.1.4
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Sausauge core temperature determination using
a Jenway 3100 microprocessor thermocouple.

Draining water cooker to remove packs of
sausages after in-package pasteurization.



F'ig. 3.1.5

Fig. 3.1.6
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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 aOc for shelf life studies.



Fig. 3.1..7

Fig. 3.1.8
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Milky exudate drained from terminallY spoiled
vacuum-packaged vienna sausage pack.

Terminally spoiled vienna sausage pack
showing severe gas development or "blowing".

I
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Enterobacteriaceae (EC) and yeast (YC) counts (log
CFUml-1) of pasteurized (PASTl-3, see Table
3..1.2) vacuum-packaged vienna sausages over 128
days storage at 8°C.
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Appearance of non-pasteuriz(~d (CONTROL) and
pasteurized (PAST1-3) vacuum-packaqed vienna

t t aOc.sausages after a days s orags a
Microbiological shelf life of CONTJ&OLsausages was
reached (Table 3.1.7)

Appearance of non-pasteurized (CONTROL) and
pasteurized (PASTl-3) vacuum-packaged vienna
sausages after 14 days storage at aGe.
Microbiological shelf life of pasteurized sausages
was not yet reached (Table 3.1.7).
Microbiological counts in CONTROL packs reached
ca. log 8rO CFUg···1•



Fig~ 3.1.14
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Appearance of non-pasteurized (CONTROL) and
pasteurized (PASTl-3) vacuum-packaged vienna
sausages after 63 days storage at gOC.
Microbiological shelf life of PAST1 samples was
almost reached (Table 3.1.7).

Appearance of non-pasteurized (CONTROL) and
pasteurized (PASTl-3) vacuum-packaged vienna
sausages after 114 days storage at gOC.
Microbiological shelf life of PASTl find PAST2
samples was surpassed (Table 3.1.7).
Microbiological counts in PASTl packs reached ca.
log g,O CFUg-1•



Fig. 3.1.15

Fig. 3.1.16
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Appearance of non-pasteurized (CONTROL) and
pasteuri:zed (PASTl-3) vacuum-packaged vienna
sausages after 121 days storage at gOC.
Microbiological shelf life for all pasteurization
treatments was surpassed. Microbiologicalcounts
in PAST1,2&3 packs reached ca. log 8,0 CFug-1.

Appearance of non-pasteurized (CONTROL)
pasteurized (PASTl-3) vacuum-packaged
sausages after 128 days storage at BOC.
of all pasteurization treatments showed
symptoms.

and
vienna
Samples

spoilage
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Table 3.1.1 Growth limiting ~, pH and minimumtemperatvxe and salt
concentration values for proteolytic and non-roteolytic
ClostridiUJI (~.) botulinUlUand ~. perfringens •

Growth limiting Proteolytic Honproteolytic
~. perfringens lfactors !:_. botulinl1li ~, botulinUJI

aw I 0,94 0,97 0,35-0,97

HaCl (%) 10 5 7-&

pH 4,6 510 5,0
.'

[
Temperatm:e (DC) 10 3,5 15

Types A & B Types B, E & F

a Adapted from ltiemann et al. (1972), Sr';'",her (1982) 1 Hauschild, (1989) and
Labbe (1989).
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!able 3.1.2 FT-~alue parameters and deterJinationsa for three inMpackage pasteurization processes at 60"C
(PASTfi)and 63°C (PAST2and 3) appliee to single layered 400q vaCUUl-packagedvienna sausa~e (VPVS)
packs.

.,
FT-value paraseters Pasteurization treatlents -~
& daterJin3.tiun PASn P.\ST2 PAST3 --
sausage layers

per pack 1 1 1. ,-
Mass of 400 400 400
a VPVS pack (g)

JJlitial no. (CFUg-1)
lactic acid bacteria per

103 103 103packc

Lactic acid bacteria 1 CPU in one ()f
nUlbers per pack after
pasteurization 1000>CPU>10 10 CPU thousand packs

FT-value calculation
HDd

42sece (log 103 CFUg-1x 42sece (J.og 103 CFl19-1 x
400g - log 10 CPU) 4DOg - log 10-3 CFU)

FT-value 3 6
(mutes) HD

sausage core telperature 60 63 63
(OC)

a After Mueller (1989).

See Fig. 3.1.1 for 400g VPVS llacks.

J)etenined froJl replicate plate cOlDltson MRSAgar (BIOLAE).

Hot deterained,

i r.
b

c

d

e Upper limit of in vitro D63 95% confidence interval for meat spoilage Lactobacillus sake .isolate (ch. 2.2).
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Table 3.1.3 Hean sausage core a.,dwater cooker tem~ratures durin~ three
in-package pasteurization treatments (PASTl, 2 and 3)
of single layered, 4009 packages of vacuum-packaged
vienna sausages.

Pasteurization tesperature (0 C)
Time

(minutes) PASTl PAST2 PAST3
water Sausage Water Sausage ~ater Sausage

coreb coreb coreb

0 66,7 11,0 68,5 12,4 67,8 11,1
2 65,9 35,5 66,8 34,8 66,0 39,3
4 66,9 49,4 67,0 48,1 67,5 51,3

6 68,3 55,6 66,9 55,9 67,7 57,4
8 68,7 60,7 67,0 59,9 67,8 60,9 I
10 lIDe lID 66,7 62!0 67,5 62,8
12 lID lID 66!7 63,6 67,4 64,0
14 lID lID 66,5 63,9 67,2 65,0
16 lID lID lID lID 67,3 64,2

waterd 67,3 - 6710 - 6714 -
All on - 1115 Ilin - 16 min - 1815 ain

IL_icee

a For pasteurization parameters see Table 3.1.2.
b Hean core teeperature of two individual sausages in the middle

of an individual pack.
}lotdetermined.

e Time (minutes) elapsed until last sausage pack was put on ice.

c

d Hean water bath temperature (OC).
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Table 3.1.4 l.ncubati,onconditions and culture sedla for microbiological CIlUUts of
in-package ~steurized and non-pasteurized vacuum-packaged vienn~ sausages.

Microbiological Incubation Growth
count Tile Temperature Atmosphere med_i,llI

(hours) te)

Total aerobic plate I 72 I 25 Aerobic standard One Nutrient
count (TAPe) J Agar (BIOLAB)
Lactic acid I 72

!
25 Aerobic MRS Agar (BIOLAS) +

bacteria count I 0,1% (w/w) cysteine
(IJ.BC) I lIlonohydrochloride(MERCK)

+ 0,2% (w/v) pctassha
sorbate (UHIL.\B)pH 5,7

I Enterobacteriaceae 18-24 30 Aerobic Violet. Red Bile
count (EC) I Glucose Agar (OXOID)
Yeast count 96 I 2!5 Aerobic Potato Dextrose Agar

(YC) (OXOID) pH 3,7
I (10% tartaric acid}I

i
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Table 3.1.5 CUlture media, incubation conditions and characterization tests used for the
enrichment, selp.ctive isolation, purification and identification of
Listeria and Clostridi~ from vacuum-packaged vienna saUEages.

Bacterium Li§j;~ria 5::lost;ddlY11
Enrichment Listeria Enrichment Broth (OXOID~ Cooked Heat Broth

30°C, aerobic, 48 hours 3'?C, anaerobic, 48 hours
Selective Oxford Formulation TSC Perfringens Agar (OXOID) +
isolation ldsteria Selective Agar (OXOID) egg yolk free TSC Agar overlay

30°C, aerobic, 48 hours 37°C, anaerobic, 24 hours
Prefiumptive Colony morphology i Sulphite teduction, lecithinase
identification (OXOID Manual, 1990) production in basal agar

es~ulin hydrolysis Proteolytic isolates: gas and
proteolysis of sausage sample

Purification Oxford Formulation First on TSC Agar then
Listeria Selective Agar Reinforced Clostridial Agar
30°C, aerobic, 24 hours (RCA) (OXOID)

37°C, anaerobic, 24 hours
Identification Gram stain I morphology, motility, According to methods of Holdeman
tests catalase, esculin hydrolysis, gt gl. (1977) omitting testing

nitrate reduction, growth in fOr notility, growth on bile
40% esculin bile and at 4 CC, agQi, digestion of meat and
Voges-Proskauer, Hemoly~is of utilization of amygdalin,
sheep red blood cells, CAMP-t.est . arabinose, cellobiose, erythritol
with.s. aureus, carbohydrate glycogen, inositol, melezitose,
fermentat: ;15: glucose, lactose raffinose and rhamnose
maltose, sucrose, xylose,
rhamnose, lIaJ''\itol
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Table 3.1.6 Initial miarobial numbers of non-pasteuriaed (CONTROL) and
in-package pasteurized (PASTl - 3) vacuum-packaged vienna
sausages,

I Microbiological count (log CFUg-1)h~~ururt ~
LABCa TAPe EC ye

3,04CONTROL 3,46 2,49 0,35
PASTlb 0,70 <0,35 <0,35 L.~,J5
PAST2 0,35 1,24 <0,35 <0,35
PAST3 O,!)9 0,70 <0,35 <0,35

'....

a For abbreviations see Table 3.1..4.
b For pasteurization parameters see Table 3.1.2.
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Table 3.1.7 Hicrobioloqical si1el1life (lISL) cOllParisons of non-pasteurized (CONTROL)and in-packa.qe
pasteurized (PAST1- 3) vacuUJI-packaged vienli~ sausages.

,..---"
"Hean" MSI,blticrObiolll!1ical Treatment "Hean" !lSL increase "WOrst case"C "Worst case" !lSI.

count type !days) (fold) !lSL (days) increase (fold)

CONTROL 7 - 6 -
LJ.BC PAST1d 67 10 48 8.

PAS1'2 I 99 14 91 15

PAST3 119 17 I 113 19

l-
WlITROr, 7 - 6 -

TAPe PAST1 67 1U 48 8,
PASTt 100 14 97 16

PAST3 119 17 113 19

a For abbreviations see Table 3.1.4.

Time taken for bacterial counts (LAB<: and TAPe) to reach 5X106 CFU{l.

Value MIived fron duplicate sample showing the higher bac.terial count.

b

c

d For pasteurization parameters see Table 3.1.2,
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Table 3.1.8 lncidencea of Listeria and Clostrisium in non-pasteurized (CONTROL) and
in-package pasteurized (PASTI - 3) vacuum-packaged vienna sausages during
storage at goC for 18 weeks.

storage Listeria Clostridium
time

CONTROL miTl PAST2 PAST3 CONTROL PASTl PAST2 PAST3_. _-- .,-
Week 1 1/2 HOc MD MD lID 1/2 2/2 :~\
Week 2 MD lID MD MD lID *1/2 :/2 2/2

. ----
TI*2/2Week :> NO HD lID MD NO 2/2

Week 5 lID MD MD lID lID NO *2/2 *1/2
"iek 7 NO NO lID ND !ill ND lID fel/2
Week 18 NO NO NO NO 1/2 *~ 1/2.
Total no. 12 12 12 12 12 12 12 12 Iof packs
Total % 8,3% - - - 8,3% I 41,7% 58,3% 75,0%

positive packs

a Humber of positives from duplicate packs of VPVS, expressed as percentage of packs analyzed
per treatJent.
For pasteurization parameters see Table 3.1.2.b

c Not detected.

* Indicates presence of g. perfringens type A (isolate from PAST2 treated sausages from the 18th
week of storage was not typable).
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3.2 CHARACTERIZATION OF BACTERIAL POPULATIONS
ASSOCIATED WITH PASTEURIZED AND HON-PASTEURIZED
VACUUM-PACKAGED VIENNA SAUSAGES

ABSTRACT

Predominant bacterial populations associated with
vacuum-packaged vienlla sausages exposed to three different
in-package pasteurization treatments of increasing severity
(PASTl 2 and 3, respectively) and non-pasteurized controls
were isolc..ced d.uring product storage at soc. The majority
(> 52%) cf isolates from pasteurized and non-pasteurized
sausages were lactic acid bacteria, while the remainder
were non-lactic acid bactt::L'iaand included Bacillus
strains, Gram-positive I catalase positive cocci and
Enterobacteriaceae. Non-lactic acid bacteria and
pediococcj, were isolated in higher proportions from
Standard One Nutrient Agar, while lactobacilli and
leuconostocs wer2 isolat.ed in higher proportions from
Modified MRS Agar plates. The type of medium f~om which
isolates riVererecovered therefore affected the proportions
of lactic and non-lactic acid bacteria in ecological
studies. In-package pasteuriz~tion 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 isolates, while pediococci were
isolated at a lower frequency of 16,7%. As a result of all
pasteurization treatments proportions of leuconostocs and
homofcrmentative lactobacilli decreased to ca. 40% of
isolat~s, while proportions of pediococci increased to 50%
or more. Although pasteurization led to diversification of
the lactic spoilage populations, it did not prevent product
spo.ilage by eliminating these bacteria. Since severe
heating increased predominance of potentially pat~ogenic
Bacillus spp. to 32,4% of total bacterial isolates,
pasteurization of vacuum-packaged vienna sausages might
compromise product safety.
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3.2.1 INTRODUCTION

Despite storage. of vacuum~packaged processed meats at
refrigeration temperatures, these products are still prone
to microbiological spoilage. Spoilage of such products was
linked to the rapid growth of lactic acid bacteria (LAB)
(Allen and Foster, 1960; Kempton and Bobier, 1970; Mol at
al., 1971; Fruin et al., 1978; Paradis and Stiles, 1978~
Egan et al., 1980; Mukherji and Qvist, 1981; Egan, 1983;
Nielsen, 1983; Korkeala et al., 198'7;Bozch et al., 1988).
Lactic acid bactier-La are ideally !:','.li ted for growth in
vacuum-packaged, refrigerated processed meats sinde they
are both psychrotrophic and able to tolerate the
microaerophilic conditions prevailing within vacuum-packs
(Enfors and l·Iolin, 1980; Reuter, 1981; Buchanan, 1986;
Holzapfel Gerber, 1986]. Furthermore, LAB are tolerant
to the concent~~tions of salt and nitrite commonly added to
processed meats (Egan, 1983: Dodds and collins-Thompson,
1984).

other bacterial groups such as Enterobacteriaceae or yeasts
are unabl~ to dominate the spoilage ecology of
vacuum-packaged proc.essed meats (Fruin, et al., 1978;
Paradis and Stiles, 1978; Nielsen, 1983; Schneider et al.,
1983; ,Zurer<."1t-Cosanoet al., 1988; von Holy et aL! 1991a).
Enterobacteriaceae are inhibited by microbially produced
lactic acid and the consequent pH decreases which occur
during the growth of LAB in these food products (Davidson
anu Webb, 1973; Shay et al., 1978; Grau, 1981; Gill and
Newton, 1982; Nielsen and Zeuthen, 1985). Since yeasts can
tolerate lactic acid and pH's of ca. 560 (Buchanan, 1986;
Beuchat and Golden, 1989), their. inability to dominate in
the spoilage ecology of vacuum-packaged processed meats
results from other factors such as slower growth rates and
inefficient substrate utilization (von Holy et al., 1991a).

Although pathogenic bacteria such as clostridia,
salmonellae, lersinia enterocoli tica I Listeria
monocytogenes and staahylococcus aureus 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
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refrigeration temperatures (Weissman and Carpenter, 1969;
Riemann et al., 1972; Duitschaever, 1978; Fruin et a~.,
,L978; Paradis and Stiles, 1978; Christiansen, 1980;
Sh~hamat et al., 1980; Sofas and Busta, 1980; Tiwari and
Kadis, 1981i Nielsen, 1983; Nielsen and Zeuthen, 1984a,b;
Nielsen and Zeuthen, 1985; Kokubo et al., 1986; Rorvik and
Yndestad, 1991). Furthermore, h~B produce antimicrobial
compounds termed bacteriocins, which inhibit the growth of
pathogens such as Listeria monocytogenes, Staphylococcus
aureus and clostridia (Klaenhammer, 1988; Harris et g~.,
1989; Schillinger and Lucke, 1989; Spelhaug and Harlander,
1989; Schillinger and Holzapfel, 1990; Berry et al., 1991,
Hastings and Stiles, 1991; Okereke and Montville, 1991;
Schillinger et stl· i lq·91; Degnan et. al. , 1992) .
Bacteriocinicity ';f LAl may, therefore, further explain why
pathogenic bacte!ia fa~l to establish themselves in the
spoilage ecology o~'processed meat products.

Numerous studies on the identities of bacteria involved in
spoilage of a v~riety of vacuum-packaged processed meat
products have shown that the lactobacilli and leuconostocs
predominate in the spoilage association to varying degrees
(Allen and Foster, 1960; Reuter, 1969; Laleye et al., 1984;
H<,lzapfel and Gerber, 1986; Morishita and Shiromizu, 1986;
Schillinger and Lacke, 1987; Borch and Molin, 1988). These
bacteria, however, wer·eaasocf.atieuwith closely related LAB
such as pediococci, enterococci, streptococci and
carnobacteria (Cavett, 1963; Reuter, 1981; Schillinger and
Lucke, 1987; Borch and :Molin, 1988).

Spoilage of south African vacuum-packaged vienna sausages
(VPVS) was also attributed to the growth of LAB to high
numbers during refrigerated storage (von Holy et al.,
1991b; von Holy and Cloete, 1992). Since populations of
LAB in spoiled VPVS samples were dominated by
homofermentative lactobacilli and leuconostocs, 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 .a1. , 1991bi von Holy et al. I 1992).
In-package pasteurization of VPVS was suggested as a
control measure, since the packaging material would prevent
product recontamination and spoilage, therefore, could only
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be caused by microorganisms survlvlng the pasteurization
process (von Holy et al., 1991a)~ . In-package
pasteurization of VPVS previously delayed product spoilage
and increased the shelf life ca. fourfold (Marshall, 1991;
von Holy et al., 1991a).

Even t.houqh pasteurization of VPVS successfully increased
product shelf life, LAB still predominated among spoilage
populations from pasteurized products (Marshall, 1991; von
Holy et al., 1991a) . Proportions of homofe.. ,entative
lactobacilli and leuconostocs collectively decreased by
12,5% (von Holy and Holzapfel, 1991) or 30,8% (Marshall,
1991) following product pasteurization, but these bacteria
still predominated and collectively comprised 71,5% (von
Holy and Holzapfel, 1991) or 66,6% (Marshall, 1991) of LAB
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, 1991).
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
proportions of only the padiococci to increase by 32,4% in
pasteurized VPVS.

Enterobacteriaceae and yeasts were unable to establish
themselves in the spoilage ecology of both non-pasteurized
and pasteurized VPVS (Marshall, 1991; von Holy et al.,
1991a) . While Bacillu~~ strains were also unable to
establish themselves as predominant spoilage populations in
either pasteurized or non-pasteurized VPVS, these bacteria
could be isolated at higher frequencies from pasteurized
products (von Holy, 1989). Marshall (1991) showed that
proportions of Bgcillus strains isolated from VPVS before
reaching the microbiological shelf life (5X106 CFUg-1),
increased from 43% in non-pasteurized to 69% of bactdrial
isolates in pasteurized products. No ~acillus strains
could, however, be isolated from either pasteurized or
non-pasteurized products after reaching the microbiological
shelf life, and it was concluded that these bacteria did
not predominate in spoiled products (Marshall, 1991).
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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 gt al.
(1991a) (ch. 3.1). This study, therefore, aimed to assess
the role of LAB in predominant spoilage populations of
pasteurIzed VPVS stored at 8°C and quantify inactivation of
hornofermentative lactobacilli and leuconostocs.

3.2.2 MATERIALS AND METHODS

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

Colonies of predominant bacteria were iSOlated from
Modified MRS Agar {MRS Agar (BIOLAB) + O,l~ w/w cysteine
monohydrochloride (MERCK) + 0,2% w/v potassium sorbate
(UNILAB)} and Standard One Nutrient Agar plates (STD1).
Modified MRS and STDI Agar plates were used for lactic acid
bacteria counts (LABC) and total aerobic plate counts
(TAPC), respectively, of VPVS that were non-pasteurized or
paatieur-i.zedby three increasingly severe treat.ments·(PASTl,
2 and 3; see ch , 3.1) and stored for 128 days at 8DC (ch,
:3.1). Colonies were isolated frontduplicate Modified MRS
and STD1 plates used to determine LABC and TAPe of VPVS.
For each VPVS sample, one colony was randomly pick~d from
each of duplicate MRS and STD1 Agar plates of the highest
dilution showing growth (von Holy, 1989; von Holy and
Holzapfel, 1991). Colonies were purified on the medium
from which they were isolated.

3.2.2&2 Characterization of predominant bacteria
associated with pasteurized and non-pasteurized

vacuum-packaged vienna sausages

The 467 predominant bacterial isolates (237 from Modified
MRS Agar plates and 230 from STD1 Agar plates) were divided
into Gram-positive 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 aerobic, Gram-positive,
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catalase positive bacteria exhibiting rod shaped
morphologies were assigned to the genus Bacillus (Fischer
et al., 1986). Gram-positive, catalase positive cocci and
Bacillus spp. were not identified further.

To assess the effect of pastldurization on relative
proportions of lactic dnd non-lactic acid bacteria,
populations from non-pasteurized (C'P ltrol) sausages were
compared to those of PASTl, 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
during 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 SCC. These intervals
were chosen since PASTl, 2 and 3 sausages did not exceed
microbiological shelf life (5 X 106 CFUg-1, see ch.
3.1) during the first half of tte storage interval.
Bacterial populations isolated from this interval were thus
not considered to comprise climax spoilage populations.
Sausages of all pas·teurization treatments, however I reached
microbiological shelf life during the second half of the
128 days storage interval (see ch. 3.1), and corresponding
populations were thus regarded as climax spoilage
populations.

To determine the effect of culture medium on isolation of
relative proportion of non-LAB, populations from Modified
MRS Agar plates were compared to those from STDI Agar
plates.

3.2.2.3 Char~cterization of predominant lactic acid
bacteria associated with pasteurized and non-pasteurized

vacuum-packaged vienna sausages

Lactic acid bacteria were subdivided into six biogroups
viz. heterofermentative lactobacilli (group I),
leuconostocs (group II), homofermentative lactobacilli
(group III), Pediococcus (group IVA),
Streptococcus/Enterococcus (group IVB) , Carnobacterium
(group V) and thermobacteria (group Vi) on the basis of six
key characteristics i.e. morphology by phas~ contrast
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microscopy, growth at 15 and 45°C, gas production from
glucose, hydrolysis of arginine and lactic acid enantiomers
produced (Schillinger and Lucke, 1987; von Holy et £l.,
1991b; Fig. 3.2.1). Bacterial morphologies prompted
division of isolates into biogroups. To illustrate
different lactic acid bacteria morphologies, cultures were
prepared for phase contrast microscopy and photographed as
described in ch. 2.2. Isolates showed typical LAB
morphologies ranging from cocci over coccobacilli to short
and long rods (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 pediococci which characteristically divided in
two planes (Figs. 3.2.2 a,b) (Sharpe, 1979).

In order to asses the effect of pasreurization on relative
proportions of LAB biogroups, LAB populations from
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 compared to those obtained over the
second half (65 to 128 days) of the period of storage of
pasteurized VPVS at SoC. 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 STDI 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 predominant LAB isolated from pasteurized
and non-pasteurized VPVS are shown in Fig. 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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PAST3 treated sausages, respectively2 Lactic acid
bacteria, therefore, predominated both in pasteurized and
non-pasteurized VPVSJ since they comprised more than 50% of
total isolates.

Previous reports of LAB predominating in spoilage
populations of vacuum-packaged, non-pasteurized
emulsion-type sausages correlated well with the findings in
this study (Mukherji and Qvist, 1981; Egan, 1983, Nielsen,
1983; Korkeala et al., 1985; 1987; Borch et al., 1988;
Zurera-Cosano at al., 1988; von Holy §t al., 1991b; von
Holy and Cloete, 1992). These results were, furthermore,
in agreement with an earlier report that LAB predominated
in spoilage populations of both non-pasteurized and
pasteurized VPVS (von Holy et Sil., 1991a). The fact that
LAB predominated in bacterial populations of
non-pasteurized, PASTl and PAST2 treated sausages also
correlated well to our previous findings that tnese
bacteria determined the shelf life of non-pasteurized,
PAST1 and PAST2 treated VPVS (ch. 3.1).

For PAST3 treated sausages, however, only sligbtly more
than half (52,9%) of the bacte~ia isolated over the storage
period were LAB (Fig. 3.2.4). Clearly, therefore, the
spoilage association of these products included a
considerable (47,1%) non-lactic' component. This finding
corresponded to r~sults of ch. 3.1., where statistically
significant differences between total aerobic plate counts
ana lactic acid bacteria counts over the entire storage
period were noted. This indicated that otheL'bacteria
significantly reduced the predominance of LAB in PAST3
treated VPVS. The statement of Reuter (1969) that LAB
became the predominant spoilage populations of
vacuum-packaged processed meats, regardless of initial
corrcanfnat.Lon 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 bacr~ria in vacuum-packaged

vienna sausages

Proportions of non-LAB isolated from pasteurized and
non-pasteurized VPVS are shown in Fig. 3.2.4. P~oportions
of non-LAH increased with increasingly severe
pasteurization treatment. While m"m-LAB constituted 15,6%
of isolates from non-pasteurized (coni...:col)VPVS, their
frequencies of isolation 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, include spore forming Bacillus strains
which can produce spores able to survive heat t::oeatments
lethal to vegetative cells (silliker et ale I 1980; Houben ,
1982; Nielsen and Zeuthen, 1984a,b). The effect of
pasteurization o~ proportions of different groups of
non-LAB will now be diSCussed in detail.

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

Proportions of Bacill.,1ISstrai'l"lsincreased from 3,9% of
total ":'solatesfrom non-pasteur ed sausages to 5,9%, 16,0%
and 32,4% of total bacterial "isolates of PASTl, 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 {indings of this study which
identified only 3,9% of total isolates as Bacillus
strains. The inability of Bacillus spp. to dominate tb~
spoilage of vacuum-packaged processed meats could be due to
antimicrobial activity of LAB growing in such products
(Spelhaug and Harlander, 1989; Marshall, 1991;
Papathanasopoulos et Bl., 1991). Increasing proportions of
Bacillus in pasteurized products, however, suggested these
bacteria were present in the thermotolerant spore form upon
pasteurization of VPVS. This bestQ~ed a uompetitive
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, suga~ and

..~
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spices (Lynch 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
Bacillus in the spoilage ecology of pasteurized VPVS was,
therefore, concluded to be of little significance (von
Holy, 1989). Marshall (1991) found proportions of Bacillus
spp. to increase from 43% of total bacterial isolates in
non-pasteurized VPVS to 69% of total isolates in
pasteurized VPVS. This predominance in Bacillus strains
was, however, associated with the initial stages of storage
and once pasteurized and non-pasteurized samples reached
the microbiological shelf life limit (5XIG6 CFug-1),
LAB populations predominated and no further Bacillus
strains were isolated (Marshall, 1991). Similarly,
Bacillus 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, respectively, in the initial storage
interval of 64 days (Table 3.2.1). No Bacillus could be
isolated from PASTI and PAST2 samples, and only 8,3% of
total non-LAB isolates comprised Bacillus spp. in PAST3
samples, during the second half of the storage interval (65
to 128 days) (Table 3.2.1). Since pasteurized samples only
reached the microbiological shelf life limit (5XI06
CFUg-1, 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 (1991).

Increasing incidences in Bacillus spp. in pasteurized VPVS,
on the other hand, raised Goncern since this genus contains
Bacillus cereus which is a foodborne pathogen. This
pathogen is widely distributed in nature and has been
implicated in several outbreaks of food poisoning (Goepf'ert
et aI., 1972; Konuma et gil. I 1988). Furthermore, the
pathogen has previously been isolated at frequencies of
18,3% from meat products such as sause,g,es,hams, bacon,
meat balls and hamburgers (I<onuma et al. 1988). Since
pasteurization of vienna sausages enhanced proportions of
Bacillus isolates to up to Qg. one third of the predominant
bacterial populations (Fig. J.2.4), a potential for growth



"

136

of 12.. cereus in pasteurized VPVS existed and this might
compromise product safety. This is especially so since
pasteurization also dec:reased numbers and growth of
spoilage LAB (ch. 3.1) 'whichc:-reinhibitory to the growth
of Bacillus strains (Spelhaug and Harland2r, 1989).
Furthl'3rstudies 011 ident:ities of Bacillus L, ol.acesfrom
pasteurized VPVS would, therefore, be required to determine
whether these products couLd pose a threat to consumer
health.

3.2.3.2.2 Effect of pasteurization on predominance of
Enterobacteriaceae 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 Cq. 5 to 8% of total isolates (Fig. 302.4).
Failure of Enterobacteriaceae to dominate the spoilage
ecology of non-pasteurized, vacuum-packaged processed meats
was reported previously (Fruin et al., 1978; Paradis and
Stiles, 1978; Nielsen, 1983; Zurera-Cosano et 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 Enterobacteriaceae
remained low « log 2,0 CFUg-1) in non-pasteurized VPVS
for most of the storage period (ch. 3.1), and that these
bacteria; therefore, failed to establish themselves in the
spoilage association.

The recovery of Enterobacteriaceae at low proportions from
pasteurized samples did not compare to previous findingsl
where these bacteria were not recovered from pasteurized
VPVS (von Holy, 1989). Although Gram-negative bacteria are
known to be more heat sensLt.Lve than Gram-positive bacteria
su.ch as LlhB (Jay, 1986), the consistent presence of
Enterobacteriaceae suggest:ed the presence of strains wittl
increased heat resistance that could survive pasteurization
of VPVS. Comparisons of Entf:robacteriaceae proportions
occu:r.ring during the two storage periods (0 to 64 and 65 to
128 days, respec'tively - ']~able3.2.1) I however I showed that
these bacteria were predominantly isolated up to 64 days
storage. This result compared well to our earlier findings
tha.t numbers of Enterobacteriaceae in past.eurLaed sausages
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had decreased to below detectable lilllits (< log 1 ,00
CFug-1) after 68 days storage at 8°C. These findings,
therefore, supported the suggestion tha'c Enterobacteriaceae
of unusual heat resistance n;~.ghthave been present, since
this would have bestowed an initial advantage t~ these
bacteria to establish themselves in 'thespoilage ecology.
Antimicrobial activity of LAB towaruJ 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 esJcablishthemselves in the climax
spoilage association of both non-pasteurized and
pasteurized VPVS.

Proportions of Gram-posi tive I catalase posLtive cocci
increased from 5,5 to &.9.. 10% of total isolates after
pasteurization of VPVS (Fig. 3.2.4). Increasing
proportions of these bacteria in pasteurized,
vacuum-packaged processed meats have not been reported
before. It was speculated that these bactierLa were more
heat resistant than LAB 1 and that pasteuriz:ation allowed
their establishment in the spoilage associati<:m. Isolation
frequencies with respect to storage period, however, showed
tha~ Gram-positive, catalase positive c0cci were isolated
at higher frequency (16,6 to 43,3% of t,otal non-LAB
isolates) during the first half, when cl"":'tJa~ed,tothfa
second balf of the storage period (0 to 4,2% of total
non-LAB isolates) of pasteurized VPVS (Table 3.2.1). This
implied that Gram-positive, catalase positive: cocci faileld
to establish themselves in the climax spoilagre aasocd.at.t.on
of both pasteurized and non-pasteurized VPVS, as d:id
Bacillus spp. and Enterobacteriaceae. As before, this
probably resulted from inhibitiorl. by LAB, w.tltici."J.have helen
shown to have bacteriocinogenic activity against
Gram-positive cocci such as Micrococcus and ~~taphylococc.::.Y...s
aureus strains (Spelha.ug and Harlander l' 1989:
Papathanasopoulos et al., 1991; Sobrino et al., 1991).

Although pa;:hogenic strains of Enterobacteriaceae (e.g.,
Salmonella Yersinia enterocolitica) and Gram-posi t.ive I

catalase positive bacteria (e.g., Staphylococcus aureus)
have previously been isolated from processed meats
(Weissman a.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 control factors sllchas
nitrite , low storage temperatures and competii,tive LAB
populations (Paradis and stiles, 1978i Tiwari and Kadis,
1981; Nielsen and Zeuthen, 1984a,bi 1985). Since
proportions of Gram-negative and Gram-positive, catalase
positlve cocci were low and declined with storage time in
pasteurized VPVS, growth of these bacteria seemed to be
inhibited, possibly by a combination of factors named
above. It was thus concluded that both the pas'tE'lurizedand
non-paet.eurLaed VPVS studied here did not pose a health
risk with respect to pathogenic Enterobacteriaceae and
Gram-positive, catalase positive cocci.

3.2.3.3 Effect of culture media on composition lof
non-lactic acid bacteria populations from pasteurized ami

non-pasteurized vacuum-packaged vienna sausages

Proportions of non-LAB Lso.Lat.ed from pastieurLaed and
non-pasteurized VPVS on Modified MRS and SI]~D1Agar plates
are shown i.n Table 3.2.2. Generally, non-LAB from bot.h
pasteurized and non-pasteurized sausages we~re isolated at;
higher proportions (> 67%) from STD1 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
specific growth requirements of LAB (de Man et al., 1960),
whereas STD1 Agar is less compi~x and supports the growth
of a wider variety of bacteria (MERCK Microbiology l.fanual,
1990) . For quantification :i.:o ecological studies on non-LAB
from pasteurized and non-pasteurized processed meats,
therefore, use of a non-selective medium SUGh as STD1 Agar
was thought to be essential. Although proportions of
non-LAB were isolated at a higher frequency from STDl 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).. ]~'or proportions of Gram-posi 1:ive, catalase
positive coccf., however, no such consistent increases were
observed. Proport.ions of Bacillus Lso Laties , for example,
increased on Modified MRS Agar plates from 10,0% in control
samples to 20,8% in PAST3 samples. Proportions of
Gram-negative bacteria on Modified MRS Agar plates
increased from 0% in control samples to 2,1--3,3% in PAST1,
2 and 3 samples. This could be explained by the fact t.nat;
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competition
Agar plates
treatment.

in mixed microbial populations on Modified MRS
by LAB was reduced as a result of the heat

3.2"3•4 Effect of paatieur'Laatn.on on composition of
lactic acid bacteria pcpuLatifone in

vacuum-packaged vienna sausages

3.2.3.4.1.Effect of pasteurization on predominance of
heterofermentati ve ll:lctobacilli (I), enterococci and

streptococci (IVB) I oarnobactierd.a(V)
and thEJlrDlobacteria(VI)

The composition of LAB populations of non-pasteurized
(control) and pasteurized VPVS stored at 8°C is shown in
Table 3.2.3. No enterococci (group IVB), streptococci
(group IVB) , carnobacteria (group V) or thermobacteria
(group 'ill) were isolated from either pasteurized or
non-pasteurized VPVS (Table 3.2.3). Furthermore, no
heterofermentative lactobacilli (group I) were isolated
from non-pasteurized and PAST3 treatt3d VPVS (Table 3.2.3).
Heterofermentative lactobacilli Wert3, howsvert isolated
from PAST1 and PAST2 treated VPVS I at.proportions of 13,6%
and 5,1% of total LAB isolates, respeci:ively (Table 3.2.3).

carnobacteria, enterococci and streptDcocci have previously
been isolated from vacuum-packaged processed and
non-processed meats (Cavett, 1963; Mol et al., 1971;
Schillinger and Lucke, 1987, 1988; :Borch and Molin, 1988;
von Holy and Holzapfel, 1991; von Holy et"ala 1991b ; von
Holy and Cloete, 1992). Although '\Ton Holy and Holzapfel
(1991), von Holy et a1. (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 products. Failure to isolate 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 heterofermentativ~ lactobacilli
(from non-pasteurized and PAST3 treated VPVS) did also not
dominat.e the spoilage populations of these treatments.
Thermobacteria, however, were expected not to grow in
re.frigerated, processed meats, since failure to grow at
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lSOC or lower is a diagnostic feature of this biogroup
(Sharpe, 1962). Thermobacteria, enterococci, streptococci,
heterofermentative lactobacilli and carnobacteria could,
therefor.e, not have contributed significantly to spoilage
of both pasteurized and non-pasteurized VPVS.

Observations that heterofermentative lactobacilli showed
marked proportional increases from 0% of isolates
(non-pasteurized sausages) ·to 13/6% and 5#1% (PAST1 and
PAST2 treated sausages, respectively) (Table 3.2.3), were
in agreement with previous 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 leuconostocs, since proportions of the latter biogroups
decreased in PASTl and PAST2 treated sausages (Table
3.2.3). This could have enabled the heterofermentative LAB
to establish themselves in the spoilage associations of
PASTl and PAST2 pasteurized sausages. Several studies
indeed showed that st:rains of heterofermentative
lactobacilli such as Lactobacillus viridescens exhibited
unusual thermotolerance (Milhourne, 1983; Borch et al.,
1988) and were more heat rE~sistant than homofermentative
lactobacilli from similar Emvironments (Borch at al.,
1988) • Failure to isolate hE~terofermentative lactobacilli
from PAST3 sausages, however, suggested that members of
this biogroup were unable t:o survive the };,rolongedheat
treatment applied to PAST3 sausages (ch. 3.1.) and were
therefore less heat resistant~ than pediococci. Pediococci
t'lere still at a high proportion of 57,4% of isolates from
PAST3 treated sausages (Table 3.2.3).

Homofermentative lactobacilli 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-pastaurized
VPVS (Table 3.2.3) . HomofE~rmentative lactobacill:i and
leuconostocs thus were expected to outnumber the
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heterofermentative
samples.

lactobacilli eV8n in PAST3 treated

3.2.3.4.2 Effect of pasteurization on predominance of
leuconostocs (II) and homofermentative

lactobacilli (III)

Leuconostocs (group II) and homofermentative lactobacilli
(group III) were isolated at the highest frequencies from
non-pasteurized VPVS and jointly comprised 83,3% of LAB
isolates (Table 3.2.3). Proportions of homofermentative
lactobacilli decreased from 56,5% in non-pasteurized
samples to ca. 30% of isolates from pasteurized samples.
Similarly; proportions of 1euconostocs 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 isolates from non-pasteurized VPVS and
therefore dominated the spoilage ecology of these
products. This finding was in agreement with other studies
conducted on refri.gerated processed and non-processed meats
(Allen and Foster, 1960; Cavett, 1963; Mol et al., 1971;
La1eye et. li., 1984; Shaw and Harding, 1984; Holzapfel and
Gerber, 1986; Morishita and Shiromizu, 1986; Borch and
1-101in, 1988; Korkeala et al., 1988; Korkeala and Makela,
1989; Marshall, 1991; von Holy et al., 1991bi von Holy and
Holzapfel I 1991) • In this study, the leuconos't:ocs
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 Makela, 1989).

Von Holy and Holzapfel (1991) previously reported that
leuconostocs and homofermentative lactobacilli jointly
comprised 81.%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 SoC,
collectively compr~s~ng 97,4% of 48 LAB isolates. Both
these figures compared well to the 83,3% of this study.
Our results thus confirmed previous findings that these
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biogroups dominated LAB spoilage populations of
non-pasteurized VPVS and therefore were primarily
responsible for spoilage of these produc+::sat refrigeration
temperature.

Furthermore, von Holy and Holzapfel (1991) reported that
homofermentative lactobacilli and leuconostocs still
comprised predominant spoilage LAB populations from
pasteurized VPVS, even though thei~ proportions decreased
to 71,5% of total isolates in these samples. Similarly,
Marshall (1991) reported homofermentative lactobacilli and
leuconost.ocs to decr xase 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 jointly comprised only 36/4%
(FAST1), 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 products into single layers within vacuum
bags, thus achieving a higher sausage core temperature upon
product pasteurization. By contrraet;saus,":gesof the other
studies (von Holy and Holzapftel, 1991; Marshall, 1991) were
packed in double layers and poorly penetrated by heat.
This is illustrated by reports that after pasteurization
S'~l.lsagecore temperatures only reached 52 to 57°C (von Holy
and Holzapfel, 1991; Marshall, 1991).

Even though joint proportions of homofermentative
Lactiobao i.Ll.L and leuconostocs decreased in pasteurized
samples when compared. to controls, their frequencies of
isolation showed relative increases between pasteurized
samples with increasingly severe pasteurization (PAST1, 2
and 3) (Table 3.2.3). Proportions of leuconostocs
increased from 8,0% (PAST1) to 8,9% and 11,1% of total LAB
isolates from PAST2 and PAST3 samples, respectively (Table
3.2.3). Similarly, proportions of homofermentative
lactobacilli increased. from ~8,4% (PAST1) to 31,7% and
31,5% of total LAB isolates from PAST2 and PAST3 samples,
respectively (Table 3.2.3). These relative increases C01.1ld
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
VPVS also in previous studies, control measures to prevent
product spoilage were suggested to be aimed specifically at
inactivating these biogroups (von Holy et al., 1992).
Consequently in-package pasteurization in this study was
based on in vitro heat resistance data of a predominant
Lactobacillus sake isolate from non-pasteurized VPVS (chs.
2.2 & 3.1). Our results clearly showed that reductions in
proportions of these biogrollps were succesezur Iv achieved
by the pasteurization process, and that the predominance of
these bacteria was lost in spoilage populations of
pasteurized VPVS.

3a2.3.4s3 Effect of pasteurization on predominance of
pediococci (IVA)

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

Although pediococci have often been reported to occur in
conjunction with predominant spoilage lactobacilli and
leuconostocs in processed or non-processed meat products
(Reuter, 1981: von Holy and Ho12apfel, 1991; von Holy et
al., 1991b: von Holy and cloete, 1992), frequencies of
isolation were usually lower than the 16,7% for
non-pasteurized VPVS in this study. LoW proportions of
pediococci in non-pasteurized samples of this study
suggested that these bacteria did not dominate spoilage
popuLat.Lons of control samples. The marked propm:tional
increase of pediococci in pasteurized samples correlated
well to previous findings where proportions of pediococci
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
pediococci and corresponding decreases in 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

)1
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Pediococcus strain from spoiled, pasteurized VPVS was
indeed more heat resistant than the Leuconostoc
mesenteroides 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. Howeverf in a separate study
(Morris, 1992) on in vitro heat resistance of predominant
spoilage LAB isolated here from pasteurized VPVS (ch. 3.1),
a representative Pediococcus pentosaceus spo.:i.lageisolate
was Qa. 8 to 9 times more heat resistant than
representative homofermentative Lactobacillus and
Leuconostoc mesenteroides isolates, respectively. This
indicated that pediococci from pasteurized samples could
indeed be more heat resistant than homofermentati ve
lactobacilli and leuconostocs.

Pediococci were the dominant LAB biogroup associated with
pasteurized VPVS in this study, since they were isolated at
proportions of ca. 50 to 57% of total LAB from samples of
all pasteurization treatments. This effect furthermore was
more 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 leuconostocs
as predominant spoilage populations of VPVS.

3.2.3.5 Effect of storage interval on composition of
predominant lactic acid bacteria populati.ons in
pasteurized, vacuum-packaged vienna sausages

Predominant
pasteurized
(3.2.2.1).
determine
pasteurized
persisted
grad~1ally

lactic acid bacteria were isolated from
and non-pasteurized VPVS over 128 days at 8°C
It was, therefore, considered necessary to

whether the predominance of pediococci in
VPVS occurred shortly after pasteurization and

throughout storage, or whether pediococci
replaced homofermentative lactobacilli and

during storage. To this end, the frequencies
of LAB frOI!!pasteurized and non-pasteurized

from the first half of the storage interval (0
were compared with the second half of the

leuconostocs
of isolation
VPVS samples
t.O b4 days)
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storage interval (65 to 128 days) (Table 3.2.4).

In non-pasteurized VPVS homofermentative lactobacilli and
leuconostocs jointly comurised 86,7% and 66,7% of LAB
isolates from the first and second half of the storage
interval, respectively (Table 3.2.4). This indicated that
these biogroups not only dominated in lnon-pasteurized VPVS
samples in the early (0 to 64 days) storage interval, but
also dominated the climax LAB spoilage populations of these
samples. These results again confirmed previous reports
that ho.mofermentative lactobacilli and leucono'tocs
domin&ted in spoilage populations of non-pasteurized, ~PVS
(Marshall, 1991; von Holy et £I., 1991a,b; von Holy and
Holzapfel, 1991; von Holy and Cloete, 1992).

Pediococci were isolated at a frequency o:~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 1 pediococci com~=ised
more than 83,3% of total LAB isolates (Table 3.2.4) and
t,herefore clearly predominated. Conversely, the
proportions of homofermentative lactobacilli and
leuconostocs collectively decreased to Qao 9 to 14% of
total LAB isolated from pasteuriz1ed 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 life of PASTI, 2 and 3 sausages was 67, 99 and 119
days of storage at SoC (ch. 3.1), respectively, the
pediococci represented the climax populations of
pasteurized sausages once they had spoiled.

The reason for the relatively late establishment (after ca.
64 days' storage) of pediococci 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 grot~h rates than
homofermentative lactobacilli and leuconostocs, which were
previously reported to become the predominant LAB spoilage
populations of pasteurized and non-pasteurized VPVS (von
Holy et al., 1991b; von Holy and Holzapfel, 1991). As
pediococci were more heat resistant than homofermentative



146

lactobacilli and leu.conostocs, 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
pcpul.at.r.ons in pasteurized VPVS.

The occurrence of pediococci as the most p:>:>edominantLAB
biogroup associated with the spoilage of in-package
pasteurized vacuum-packaged processed meats r-~ not been
reported before. Conversely, the pred\.;dinance of
leuconostocs and homofermentative lactobacilli in
pasteurized and non-pasteurized VPVS is well documented
(von Holy et al., 1991bi von Holy and Cloete, 1~92) and is
associated with severe spoilage symptoms such as tfblowing"
of packs of sausages I "offl!or sour smells and dev-=>lopment
of milky and slimy exudates. These spoilage symptoms are
expected to result especially from the growth of
leuconostocs, which are well-known for production of
dextran slimes from sucroae, as well as gas by their
heterofermentative metabolism (Sharpe, 1962; 1979). Since
pediococci do not produce slimes or gas, their predominance
in spoilage populations of pasteurized VPVS suggested
r-educed spoilage symptoms I such as "blowingll or loosening
of packaging material, and the development of slimes in
packages. Indeed these spoilage symptoms of VPVS in which
LAB nucbers reachRd ca. log 8 I 0 CFug-1 werE:!less severe
for pasteurized samples compared to non-j.e.at.euzLzed 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 LAB isolates from non-pasteurized and
pasteurized vpvs with respect to culture medium (Modified
MRS and STDI Agar plates) is shown in ~able 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 (Table 3.2.5). For
PAST3 treated sausages, however, proportions of LAB
isolates from Modified MRS Agar decreased to 39,7%.
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Highe~ isolation frequencies for ~~ were expected from MRS
based Agar platest since this medium is formulated
specifically to satisfy tne complex nutritional
requirements of lactobacilli (de I.fan et al., 1960). In
keeping with this expectation, higher proportions of
homofermentative and heterofermentative lactobacilli 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 STDI Agar plates for both pasteurized and
nc-v-paatieur Laed VPVS (Table 3.2.5). This suggested that
th~s biogroup was better adapted to growth on STDI Agar.
For non-pasteurized, PASTI and PAST2 treated sausages
leuconostocs 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 to growth on Modified
MRS Agar. Higher isolation frequencies for pediococci from
STDI Agar, and of lactobacilli and leuconostocs from
Modified MRS Agar might reflect different nutri~ional
re~lirements cf these biogroups. Ecological studies on
processed meat spoilage should, therefore, not only rely on
the use of MRS-based Agars to isolate spoilage LAB, but;
should accommodate such phenomena by employing more than
one suitable culture medium.

F():--PAST3 treated samples, however. leuconostocs weI,'e
isolated at a proportion of 18 r 2% from STD1 Agar compar-ed
to 6,3% from Modified MRS Agar plates. {Table 3.2.5).
Furthermore, the relative proportion of LeuconostCics
:..solation on Modified MRS Agar decreased with increasi.ng
severity of heat treatment (Table 3.2.5). This implied
that the more severely heated bacteria recovered better on
STDI Agar than on Modified MRS Agar. Heat injury of
bacteria to sub-lethal levels may be associated with
changes in nutritional requirements (Buchanan et al., 1988;
Magnus et ~l., 1988). The increased frequency of
Leuconostoc isolation from STD1 Agar with increasing
severity of pasteurization may thus be explained by changes
in nutritional requirements.

Relative proportions of heterofermentative ""nd
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homofermentat.lve 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 trea'ted
biogroups than STD1 Agar. Relative proportions of
pediococci decreased on STD1 Aga.rwith increasing severity
of heat.'t.reatmentapplied (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
pediococci, a change in nutritional requirements of th~ese
bacteria as a r.esult of sub-lethal heat injury (Buchanan ,
et al., 1988; Magnu~ et al., 1988) could again explain 1Nhy
relative proportions of these bacteria increased on
Modified MRS Agar but decreased on STDl Agar af't:.er
heating. Since relative proportions of lactobacilli and
ped Loc ..)cciincreased, while those of leuconostocs decz-eaaed
on Modified MRS Agar medium upon heating of product,
Modified MRS Agar should be used in conjunction with s~m1
Agar to recover. the maximum 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 both the
microbiological shelf life and spoilage of this product was
governed by the growth of these bacteria during
refrigerated storage (ch. 3.1) . Non-LAB such as
Enterobacteriaceae, Bacillus strains and Gram-positive,
catalase positive cocci were isolated from non-pasteurized
VPVS at proportions of 6,3%, 3,9% and 5,5% of total
isolates, respective:ly. We therefore concluded that the
latter bact.er-La did not predominate in the spoilage ecoloqy
of VPVS, which was in agreement with other studies on the
ecology of vacuum-packaged emUlsion-type sausages (Fruin e'~
al., 1978; Paradis and stiles, 1978; Zurera-Cosano et al.,
1988; von Holy et al., 1991a). Leu~onostocs and
homofermentative lactobacilli jointly predominated among
predominant LAB populations (83,4%) and spoilage of
norr-paatieurLaed VPVS (ch. 3.1) was, therefore, a result of
growth of these genera to high numbers. This was in
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agreement with earlislr findings relating to the spoilage of
these products at refrigeration temperatures (Marshall,
1991; von Holy and Holzapfel, 1991; von Holy et al.,
1991b) .

In-package paatieuz Lzatii.onI proposed as a control measure to
inactivate homofermentative lactobacilli and leuconostocs
in VPVS 1 was sucoesa'rul in reducing proportions of these
genera from a co'lLectd.ve 83,4% in non-pasteurized, to
36-42% of LAB isola.tes in pasteurized VPVS. In all
pasteurization treatments, however, LAB as a group still
dominated (52% or more of total bacterial isolates)
bacterial popUlations. Reductions in proportions of LAB,
particularly homClfermentative lactobacilli and
leuconostocs, were correlated with increases in product
shelf life (ch. 3.1). Pasteurization on the other hand,
also increased pr-oporrt.Lons of Gra:r.n-positive, catalase
positive cocci (gg. 8 to 10%) and Bacillu~ strains (ga. 6
to 32%). These increases were speculated to result from
higher heat resistances of Bacillus and Gram-positive,
catalaf8 positive cocci, 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
popul.atri.cns associated \'1ithpasteurized VPVS. These
non-LAB as well as Enterobacteriaceae, however, were
recovered from pasteurized VPVS almost exclusively in the
first storage interval (0 Ito64 days). since pasteurized
sausages reached their microbiological shelf life (ch. 3.1)
and became organoleptically spoiled only during exr.ended
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 cocci include pathogenic spp. such as salmonellae,
Yersirlia enterocolitica and staphylococcus aureus which
have previously been isolated from vacuum-packaged
processed meats (Weissman and carpenter, 1969;
Duitschaever, 1978; Nielsen and Zeuthen, 1985), low
isolation frequencies suggested that pasteurized and
non-pasteurized VPVS did not pose a health risk to
consumers. In addition, decreasing predominances of

H,
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Enterobacteriaceae and Gram-positive, catalase positive
cocci with increasing storage time suggested that growth of
these bacteria was inhibited by competitive LAB
populations. Since pasteurization increased the
proportions of ~acillus isolates, which may include the
pathogenic species li. cereus, safety of VPVS might be
compromised by pasteurization. Future work should,
therefore, separately quantify and identify Bacillus
strains 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 PAST1, 2 and 3 treated sausages,
respectively. The pediococci thus dominated the spoilage
ecology of pasceur'Laed VPVS. speculatively, it was
concluded that pediococci were more heat resistant than
homof'e.rmerrt.atri,ve lactobacilli and leuconostocs, which
bestowed a competitive advantage on the pediococci to
establish themselves as the dominant biogroup associated
wi'(-.hpasteurized VPVS. Moreover, the pediococci were
iso:i.atedat highest proportions (>83,3% of LAB isolates)
froin pasteurized sausages during the second storage
interval (65 to 128 days). This clearly showed that
pediococc.:i.represented the climax populations of
pasteurized sausages once they had spoiled. Predominance
of pediococci among spoilage LAB populations resulted in
reduced severity of spoilage symptoms in pasteurized
sausages. This was due to pediococci, unlike leuc~nostocs,
not producing dextran slimes from sucrose and/or gas during
growth.

All non-LAB from pasteurized and non-pas-ceur-Laed sausages
in this study were isolated in higher proportions on STD1
Agar, when compared to Modified MRS Agar. This was
expected si.nceMRS Agar is specially formulated to satisfy
the complex nutritional requirements of LAB. Leuconostocs
and lactobacilli were generally isolated in higher
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proportions on Modified MRS Agar, when compared to STDI
Agar. Conversely I pediococci w~:!re isolated in higher
proportions on STDI Agar than on l~odified 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 s1tudies 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 ~., 1991b).
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Phase contrast micrograplLs ill1.1strating
morphological differences between lactic acid
bacteria from pasteurized and non-pasteurized
vacuum-packaged vienna sausages, showing rod
shaped heterofermentative (a) and
homofermentative (b f) lactobacilli by
increasing cell length. Note curved rods (b)
and club shaped rods, typical for
morphologies of Lactobacillus curvatus and
LactobacilLus coryneformis, respectively
(~ represents two micrometer).
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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 coccobacd lvus
shaped leuconostocs (i & j). The one
Leuconostoc isolate (i) showed tendency
towards chain formation, described as typical
for ~c. mesenteroides (Dykes, 1991). Cell
devision in two planes, characteristic for
Pediococcus (Sharpe, 1979) could be observed
to result in the format,ion of tetrads (g & h)
( t---l represents two micrometer).
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CONTROL PAST 1

G-ve bacteria
6.3

G-ve baoterta
7.6

o-va bacteria
7.6

G-ve bacteria
4.9

PAST 2 PAST3.
LAB
62.9

Bacillufj
ltl

8acillull
32."4

Fig. 3..2.4 Distribution of microbial groups associat.ed
with non-pasteurized (CON'lIROL) and
pasteurized (PASTl-3, ch. 3.1.)
vacuum-packaged vienna sausages stored at aDc
for 128 days.
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Table 3.2.1. Percentage distribution of 118 predomnant non-lactic acid bacteria frolllpasteurizedvacuum-packaged vienna sausages stored at SoC for 12& days.
Treatlllenta Bacillus Gram-positive Grall-n~ative I Total % Total~stralns cata~ase positive bacteria . of ofCOCCl lsolates isolates

PASTl 23,3b HC 43,3 (3,3) 30/1 (-) 100 30
PAST2 47,5 (-) 30,0 (-) 22,S (-) 100 40
PAST3 60,4 (&/3) 16/6 (4r2) 10!5 (-) 100 48

a For pasteurization parallleterssee ch. 3.1/ Table 3.1.2.
Percentage for the first half of the storage interval (0 - 64 days).
Percentage for the second half of the storage interval (65 - 128 days),

b

C
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Table 3.2.2 Percentage distribution of 138 predominant non-Ic~ic.acid bacteria isolated frol total aerobicplate counts on standard One hlltrient Agar and lactii:acid bacteria counts on J{odifiedHRS Agarplates of vacuum-packaged vienna sausages stored at SOC for 128 days.
Treatment !.l.?cilll.lS Gram-positive GraJI-nwative Total • Total ~ Total no.catatase posifive bacteria non-Iactic of of

COCCI acid bacteria isolates isolates
Control 1510a (lCtO)b 20,0 (15,0) 40,0 (-) 75,0 (25,0) 100 (100) 15 (5)
PAST1 16,7 (6,7) 33,3 (13/3) 26/7 (3,3) 76,7 (23,3) 100 (100) 23 (7)
PAST2 37,5 (10,0) 10,0 (20,0) 20,0 (2,5) 67,5 (32,5) 100 (100) 27 (13)
PAST3 47,9 (20,8) 12,5 (8,4) 8,3 (2,1) 68,7 (31,3) 100 (100) 33 (15)

a percentage for Standard One Nutrient Agar plates.
Percentage for Hodified MRS Agar plates.b
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Table 3.2.3 Grouping of 329 lactic acid bacteria isolates fromnon-pasteurized (CONTROL} and pasteurized jPASTl - 31ch. 3.1) vacuum-packaged vienna sausages storedat SoC for 128 days.

Treatment Percentage isolates per biogroupa Total no.
I II III IVA isolates

CONTROL - 26,9 56,5 16,7 108

PAST! 13,6 8,0 28,4 50,0 88,
PAST2 5,1 8,9 31,7 54.,4 79
PAST3 - 11,1 31,S 1)7,4 54

a For key to bi~oups, see Fig. 3.2.1; no isolates belonging tobiogroups IVB, V and VI were recovered.
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Table 3.2.4 Percentage distribution of predominant lactic acid bacteria from p?steur. ized vacuum-packagedvienna sausages over first (0-64 days) and second (65 -128 days) stora~~ intervals at 8°C.

Treatment Percentage isolates per biogroupa Total % of TCJtal no.
t II III IVA. isolates of l">olat'2s..

COl\'J.'ROL _c (_)d 28,9 (16,7) 57,8 (50,0) 13,3 (33,3) 100 (100) 90 (18)
,,-

PASTlb 1815 (5,9) 13,0 f-) 40,7 (8,8) 21/~ {~5,3) 100 (100) 5·\ (34)

PAST2 7,0 (2,8) 16,3 (-) 46,5 (13,9) 30,2 (8~,3) 100 (100) 43 (53)

PAST3 -(-) 14,8 (7,4) 55,6 (7,4) 29,6 (85,2) 100 (100) 27 (27)

a
b

For definition of biogroups see Fig. 3.2.1; no isolates from biogroups IVB, V and Vi. were recorered.
For pasteurization parameters see ch. 3.1t Table 3.1.2.
Percentage for the first stora!,t!interval (0-64 days).
Percentage f(lr the second storage interval {65-l2S days;.

c
d

o

o
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Table 3.2.5 Isolation freqgencies of predominant lactic acid bacteria
for pasteurized (PASTI-3) and non-pasteurized (CONTROL)
vacuum-packaged vienna sausages stored for 12&d~is from
Modified l!RS and Standard one Nutrient Agar•
.",-

Percentage isolates per biogroup~Treatment Total t Total no. I
R.P.D of of

I II R.P. III R.P. IVA R.P. isolates isclate::1

_c 28,6 62,8 8,6 81,3 70]CONTROL Hd
_

1,2:1,0 1,5:1,0 1,0:3,7
(23,7) (44,7) (31,6) (18,7; (38) .

PASTle
18,9 9,4 37,7 34,0 63,3 53

(5,7)
I 2,5:1,0

(5,7)
1,6:1,0

(14,3)
2,6:1,0

(74,3)
1,0:2,2

(36,7) (35)-
710 9,3

11,1:1/0
46,5 31,2 78,1 43

PAST2 3,0:1,0 3,3:1,0 1,0:2,0
(2,8) (8,3) (13,9) (75,0) (21,9) (36)

- 6,3 50,0 43/7 39,7 32
P!STj - 1,0:2,3 10,8:1,0 I,O;!,7

H (18,2) (4,6) (77,2) (60,3) (22).
a For definition of biogroups see Fig. 3.2.1, no represo.nv",ives of gtoups !VB, V and VI were found.

Relative isolation proportions frOD Modified lffiS Agar vs. standard one Nutrient Agar.

Percentage fer Modified MRSAgar.

Percentage for Standard one Nutrient Agar.

For pasteurization parameters See cb.3.1, Table 3.1.2.

b

c
d

e
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CHAPTER FOUR

SUMMARIZING DISCUSSION AND CONCI,USION

;·1
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South African vacuum-packaged vienna sausages (VPVS) are
spoiled by lactic acid bacteria (LAB), which grow to high
numbers during refrigerated storage (von Holy et al.,
1991a,b; von Holy and Cloete, 1992). spoilage of VPVS
prior to the expiry of the expected shelf life results in
costly losses to the producers (von Holy et a1., 1991b; von
Holy and Closte, 1992). Since final spoilage populations
of VPVS were dOldnated by homofermentative lactobacilli and
leuconostocs, it was suggested that control measures to
curtail microbiological spoilage of VPVS be 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 microbial p0pulations surviving a heat treatment is
inversely related to its severity (Bell, 1983), and
recontaminRtion after heat processing is prevented by the
packaging material (Bell, 1983; von Holy et al., 1991a).

In-package pasteurization was used previously to increase
microbiological shelf life of VPVS by ca. fourfold (von
Holy et a1. , 1991.a). Pasteurizatl.on, however I was
performed on a "trial and errorll basis and although VPVS
shelf life was increased, LAB still caused product spoilage
(von Holy et pl., 1991a). To develop a quantitative and
effective in-package p~steurization process for VPVS,
knowledge on the heat resistance of meat; spoilage LAB was
required. This study quantified heat resistance and
factors affecting heat resistance determinations of four
predominant LAB from spoiled, VPVS by in vitro studies.
Heat resistance data were used to calculate heat process
(FT) values for in-package pasteurization of VPVS aimed
at reducing numbers and grow....h of homorermerrtat.Ive
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 spoilage LAB from VPVS (Lactobacillus
(Lb") sake I Lb. curva-!:us,Leuconostoc (LC.) mesent.eroides
and a Pediococcus strain, respectively) were heated in
glass capillary tubes filled with quarter-strength Ringers
solution (QSRS) for in vitro heat resistance
det~~rminations. Sur..,ivoz curves deviated from the
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of VPVS were dominated by homofermentative lactobacilli and
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effect.ive in-package pasteurization process for VPVS1
knowledge on the heat resistance of meat spoilage LAB was
required. This study quantified heat resistance and
factors affecting heat resistance determinations of four
predominant LAB from spoiled, VPVS by i~ vitro studies.
Heat resistance data were used to calculate heat process
(FT) values for in-package pasteurization of VPVS aimed
at reducing numbers and growth of homofermentative
lactobacilli and leuconostocs. The effects of in-package
pasteu.rization on shelf life and the composition of LAB and
non-lactic acid bacteria (non-LAB) populations in VPVS were
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Four predominant spoilage LAB froln VPVS (Lactobacillus
(Lb.) sake, Lb. curvatu~! LeuconostQc (Lc.) m~senteroides
and a Pediococcus strain, respectively) were heated in
glass capillary tubes filled with quarter-strength Ringers
solution (QSRS) for in vitt·o heat resistance
determinations. Survivor cu~ves deviated from the
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logarithmic order of bacterial death (Stunmof 1965; Pflug,
1987; Muller, 1989) and were of concave, instead of linear,
shape. Since concave 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 membranes. Use of
detergent to prevent cell clumping in further in vitro heat
resistance studies was thus avoided. Although concave LAB
survivor curves mi\Tht have resulted fre'!'!':;cell clumping
during heating, a more likely explanation was the
heterogeneous heat resistance of these LAB. Heterogeneity
of LAB with respect to heat resi<:;tancehas previously been
cited 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
Lb. sake and a Lc. mesenteroides isolate did not differ
statistically significantly at 57 or 63°C in QSRS (pa 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 tne heating medium (Silliker et gi.,
1980), the pH decrease from 6,~ to 5,8 was not considered
SUfficient to increase 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. Fur~.:herin yitro heat resistance studies could
thus be perforre.ed on LAB cells in either growth phase, or
in heating mediur.lat either pH.

Since South Jl.frican VPVS have pH I s of ca. 612, and
in-package paaceurd aat.Lon of VPVS was envisaged to contiroj
low levels of LAB immediately after packaging, it was
concluded that~ further in vitro heat resistance studies 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 qrowth phase, in vitro heat resistance data of
the early logarithmic growth phase would still be valid for
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FT-value calculations. Should in-package pasteurization
be delayed and numbers of LAB increase, the FT-value
would need to compensate for the increased initial
microbial load (No). Consequently it Ls suggested that
in-package pasteurization on VPVS immediately follows
product packaging, since bacterial growth would be minimal
at that time. This is important since high microbial loads
can detrimentally affect the flavor of the finished food
product, even when contaminants are killed by heat
processing (Warnecke et al.,1966). Our in vitro results
further suggested that decreasing sausage pH to pH 5,8
would not result in faster heat inactivation of
contaminatingLAB.

In vitrQ 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 f!a.one minute at 57·C
in QSRS. Since the four LAB selected for in vitro heat
treatment were originally isolated from spoiled VPVS, our
data confirmed previous findings (Dykes et a],.,.,1991) that
LAB contaminatingvienna sausage ~mulsion could not survive
the heat processing (smolr.e-cooking) of product
manufacture. Heat resistances of LAB in this s'cudywere
thus expected and confirmed to be Iovler than those of
previously described thermotolerant meat spoilage LAB
(Niven et a1., 1954; Houben, 1982; Milbourne, 1983; Borch
et al., 1988). Heat resistances of LAB in this study;
however, compared favourably to those of spoilage LAB from
beer and citrus products (Adams et ~l., 1989; Parish, 1991)
as well as Listeria monocytogenesheated in milk (Bradshaw
et al., 1985; Donnelly and Briggs, 1986i Bradshaw et al.,
1987}0 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 LAB and ~.
monocytogenes furthermore implied that Listeria cells
recontaminating sausages after heat processing were
unf.Llce ly to survive in-package pasteurization.

Z-values determined from in yitro heat resistance
QS.. 4 to 5 times higher than the 4 todeterminations were
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6·C generally reported for non-sporulati.ng bacteria (H::tnsen
and Riemann,' 1963; Tamlins and Ordal, 1976). Such high
z-values were thought to arise since the temperature
interval (6·C) over Which LAB heat resistance was
determined was too small to allow the thermal death time
curve to traverse 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 tempeLatures, LAB
heat resistance would need to be determined over a greater
temperature interval to generate z-values which would allow
for such extrapolations.

In situ VPVS pasteurization trials were based on the.upper
limit of the 95% confi.denceinterval of the D63 value of
a LQ. sake strain, which was the most heat resistant of the
four predominant LAB Lsot.aces studied. survfvor curves of
all four LAB strains heated in vitro, however, were
non-linear and D-values derived from these curves, using
linearizatio~ by linear regression, thus underestimated
true heat resistance of LAB. In addition, D-values of LAB
determined in QSRS in vitro were expected to be lower than
those for bacteria heated in sausages, since carbohydra.tes,
fats, salt and curing salts contained in sausages are known
to protect bacteria from heat inactivation (Silliker, et
al., 1980; Jay, 1986). Since the in vitro D-value for the
Lb. sake strain was expected to undezeati.i.matieits true neat
resistance, three in-package pasteurization treatm.ents of
increasing severity (PAST1, 2 and 3, respectively) were
applied to VPVS in single layers to 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 (FT) value (Muller, 1989). PAST2
and PAST3 heat treatments ~vere! however, performed to
sausage core temperatures of 63·C and ca.lculatedby the
F'I,-valuesto reduce levels of spoilage LAB to log 1,0 CFU
(PAST.2) or leave one in a thousand packs of sausages
contaminated with any LAB (PAST3). Although the calculated
bacterial reduction was approximately achieved
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for PAST2 treated sausages, our results show€d that the
PAST3 pasteurization treatment only eliminated LAB front
packagp.s to approximately 0,6 CFUg-1. This could b~
explained by the underestimate of the D-value for Lb. pa~ii
used in FT value calculations, and the possible increased
heat resistances of LAB in vienna saueaqcs compared to
QSRS.

Nevertheless, all in-package paste..-ization treatments were
successful in decreasing numbers of contaminating LAB from
ca. log 3,0 CFUg-1 in non~~~$teurized to below log 1,0
CFUg-1 in pasteurized sauaaq.:. 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 spoilage of Vp,r~ ~tored at SoC. In-package
pasteurization of VPVS can, ~efore, 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 life increases after
pasteurization of double layer VPVS were previously
reported for sausages stored at 8°C (Marshall, 1991) and
7°C (VOD 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 single
layers. This not only resulted in higher sausage core
temperatures when compared to those of 52 to 57·C achieved
in the study of von Holy e'~ al. (1991a), but also in
quicker and more even heat transfer in sausage packs.
Packing sausages into single, as opposed to double layers
for in-package pasteurization of VPVS is therefore also
recom~ended to the producers, since th.ispractice would
effectively Lr..crease shelf life, and also be attractive in
terms of saving energy and processing time.

FT-values calculated on the basis of
resistances of LF.t:;. v'N;J:' ,,' t.}i>iJS useful for
time/temperature combinations required to
numbers and growth of spoilage LAB

in vitro heat
quantifying the
reduce initial

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 quantify
parameters for in-package pasteurization processes more
accurately. For this purpose, LAB heat resistance could,
for example, be determined in a vi~nna sausage slurry where
bacteria are protected against heat damage by compounds
such as fats, carbohydratesand salts. This would improve
the accuracy of FT-values and hence determinations of
desired endpoint populations (Nf) after in-package
pasteurization of VPVS. Furthermore, FT-value
caLcu La'cLons could be improved by compensating for
non-linear survivor curves, which probably arose 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 f'oLl.owed
by a slower bacterial death rate stage, a concave survivor
curve may 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 inactivationdid not produce linear survivor
curves. Speculatively, however, it is suggested that
in-package VPVS pasteurizationtime should be increased by
a factor of ca. one to two minutes during heating at
s~usage core temperatures of 63°C, to more accurately
predict the endpoint LAB populations surviving the heat
treatment.

Isolat:~n of a Listeria innocya strain from a
non-pasteurized VPVS pack in the first week of storage at
8·C indicated a potential for post-heat rrocessing
(smoke-cooking during manufacture) contamination by
Listeria. No Listeria could, however, be isolated from any
pasteurized VPVS stored at 8°C. This suggested that
in-package pasteurization of VPVS not only effectively
delayed spoilage by LAB I but also improved safety of tl 'se
products with respect to Listeriq transmission. In-package
pasteurization of VPVS, however, also increased the
incidence of potentially pathogenic clostridia from 8t3% in
non-pasteurized to 41,7% (PAST1), 58,3% (PAST2) and 75,0%
(PAST3) in pasteurized samples.
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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 VPVS might compromise product safety.
In-package pasteurization of VPVS to control the spoilage
of these products is, therefore, recommended to industry
with caution. Clearly, a need for control factors in
addition to high temperature exists to ensure the safety of
pasteurized VPVS with respect to transmission of
potentially pathogenic clostridia. possible control
factors will be discussed in more detail.

Even though the three in-package pasteurization treatments
Lnczeased shelf lif~~ to 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 fr.om non-pasteurized
samples to 74,6%, 66,4% and 52,9% for PASTI, 2 and 3
treated samples, respectively. The LAB thus dominated the
spoilage ecr .)gy of all pasteurized products (> 52,9% of
total bacterial isolates). This was in agreement with von
Holy et al. :1991a) who also showed spoilage of in-package
pasteurized VPVS to be associated with growth of LAB to
high nUmbers (ga. log 8,0 CFU9-1). However, in this
study, proportions of non-LAB (Bacillus, Enterobacteriaceae
and Gram-positive, catalase positive cocci) increased from
15,7% of predominant isolates in non-pasteurized to 25,4%,
33,7% and 41,7% of predominant isolates in PASTl, 2 and 3
treated samples, respectively. Increasing proportions of
non-LAB with increasingly 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-LAB in the spoilage ecology of in-package pasteurized
VPVS. Non-LAB, however, were isolated at highest
proportions only during the first half (0 to 64 days) of
the storage interval at 8°C and, therefore~ did not
predominate in climax populations of spoiled VPVS. The
inability of non-LAB such as Bacillus, Enteroba.cteriaceae
and Gram-positive, catalase positive cocci to dominate the
climax spoilage ecology of both pasteurized and
non-pasteurized VPVS was previously reported (von Holy,
1989; Marshall, 1991 i von Holy et,a1., 1991a) and supported
the findings of this study.

j
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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 (1991) and von Holy and Holzapfel (1991), who
reported homofermentative lactobacilli and leuconostocs in
non-pasteurized VPVS stored at 7"C to jointly comprise
97,4% and 84,0% of LAB isolates, respectively. In
pasteurized products, however, joint proportions of
lel.1conostocs and:homofermentative lactobacilli decreased to
36,4%, 40,6% and 42,6% of predominant LAB isolates for
PASTI, 2 and 3 treated samples, ref;pectively. Conversely,
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 PASTI, 2
and 3 samples, respectively. Increasing proportions of
pediococci as a result of VPVS pasteurization were reported
previously (Marshall, 1991; von Holy and Holzapfel, 1991),
and it was suggested that this biogroup was more heat
resistant 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. Moreover,
pediococci were isolated from pasteurized VPVS at higher
proportions (> g3,3% of predominant LAB isolates) during
the second storage interval (65 to 128 days), suggesting
that this biogroup dominated the climax L~B populations
associated with spoiled, 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, 1991) and
66,6% (11arshall,1991) of total LAB isolates.

The higher proportions of pediococci 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 pasteurization
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 VPVS was associated with less severe
spoilage symptoms such as loosening of packaging material
and development of eX\Hiates in sausage packs. As a
practical consequence, reduced spoilage symptoms would lead
to a longer shelf life during retail display.

Although overall proportions of non-LAB increased with
increasing severity of the heat treatment applied to VPVS,
proportions of Gram-negative bacteria and Gram-positive,
catalase positive cocci remained low «11,9%) for all
pasteurization treatments. Low proportions of
Enterobacteriaceae and Gram-positive, catalase positive
cocci in pasteurized VPVS implied 'that in-package
pasteurization would not lead to a health risk with respect
to transmission of pathogenic species of these groups
(e.g. I Salmonella, Yere..":i.a enterocolitica and
Staphylococcus aureus, respectively). These pathogens were
previously reported to be associated with vacuum-packaged
processed meat products (Weissman and carpenter, 1969;
Duitschaever, 1978; Tiwari and Kadis, 1981; Nielsen and
Zeuthen., 1985). In-package pasteurization of VPVS did,
however, increase the frequency of isolation of potentially
pathogenic Bacillus strains in' addition to that of of
clostridia, including pathogenic Q. perfringens type A.
Proportions of Bacillus increased from 3,9% of predominant
isolates from non-pasteurized, VPVS to 32,4% of predominant
isolates from pasteurized VPVS.

The increased isolation frequencies of clostridia
(including pathogenic Q. ~erfringens type A), as well as
potentially pathogenic ~acillus strains as a result of VPVS
pasteurization were concluded to result from spores
surviving the pasteurization treatments. Bacillus and
Clostridium spores are well known to survive heat
treatments designed to inactivate vegetative cells (Nielsen
and Zeuthen, 1985; Kokubo et a1., 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 spoilage
populations as a result of in-package pasteurization of
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VPVS I and the potierrt.La l for product temperature
during retail display could jOiiltlycompromise the
of pasteurized VPVS.

abuse
safety

In the practical situation, additional control parameters
(or hurdles) may be effectively used to control the growth
of pathogenic Clostridia and Bacillus strains in
pasteurized VPVS. Pasteurization of VPVS could, for
example, be performed at lower temperatures than those used
in this stl.,dyat, for example, 570 C cor-etemperAture for
lli!. 3 to 5 minutes. Our in vitro results showed that LAB
could be heat inactivated at this temperature. Although
this would imply a short-dr shelf life! it wOl:tld
nevertheless allow for faster 9?"}wth of spoilage LAB
capable of inhibiting potE.'ntiall} :.~ .hc.~; mic Clostridium
and Bacillus strains.

Alternatively, in-package pasteurization of VPVS could be
performed t"rice. The first pasteurization process wouLd
activate spores of Ba<:::illusand Clostridiultlto germinate
into vegetative cells during a suitable incubation period,
after which sausage pacl,(scould be re-pasteurized. This
would kill the more heat sensitive Bacillus and ClostriQium
veg(ta.tive cells. Further studies on the organoleptic
implications and incidence of Bacillus and CJ.ostridium in
"do1Jble-pasteurized" VPVS would' need to be performed to
evaluate the feasibility of this approach.
"Double-pasteurization", however, would probably not, be
practically feasible since increases in time and energy
requirements would be of dot1?tfulC\".)st-benefit.

The high temperatures of in-package pasteurization Gt. ..ad
furthermore bl!a used in combination with other hurdles to
control the 9rowth of potential foodborne pathogens. Low
temperature pl~oduct storage, for examples, is well known to
inhibit growtb. of pathogenic mesophiles such as Bacillus
and Clostridium. The cold chain, therefore, would need to
be strictly adhered to, not only to inhibit the growth of
spoilage populations, but also of pathogenic bacteria. Use
of t-roduct pH as a hurdle to inhibit grO\vth of pa+hoqenf,o
bacteria in VPVS is, however, difficult since lowering
product pH to the "lower organoleptic limit" of pH 5,8
would still allow for growth of pathogenic ~. cereus, g.
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perfringens ani g. botulinum (Buchanan, 1986; Hauschild,
1989; Labbe, 1989).

Nevertheless, chemical preservatives such as sodium nitrite
or sodium lactate, in addition to in-package
pasteurization, could be evaluated as hurdles to control
the growth of pathogenic Bacillus strains and clostridia i!'~
vacuum-packaged processed mea'cs , 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; ~uchanan, 1986) and is used in
South African VPVS at levels of g~. lOOppm residual
concentre!tion. since residual nitrite concentrations in
processed meats are difficult to control as they are
affected by product heating and storage time (Sofos ~t al.,
1979), control of pathogenic bacterJ.a in pasteurized WVS
by sodium lactate in conjun-::tion with nitrite may be a
viable option and should be inve "i:',igatedby further
studies. Sodium lactate would be cagIer to control in
pasteurized VPVS than sodium nitrite, as levels of the
previous compound are cpected not to be aff~cted by heat
treatments. Sodium lactat~'might thus successfully inhibit
growth of pathogenic Bacillus and Clostridium spp. by
virtue of its antimicrobial nature. Sodium lactate has
previously be~n shown ;:0 inhibit growth and toxin
prodUction of g. botulinum in cook-in-hag turkey products
under conditions of temperature abuse (Maas ~t al., 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 Bacillus and Clostridium in pasteurized VPVS
contl3.ining sodium lactate and sodium nitrite and stored at
refrigeration tem~eratures should, however, oe performed to
validate the effectiveness of these control parameters.

I

To assure the safety of pasteurized VPVS, the effect,:;of
the above hurdles on numbers and identities of pathogenic
Bacillus app. and clostridia would req1.1irefurther study.
It remains of utmost importance, however, that hafore
control measures for the above pathogens arG investj_gat~d
or even instituted" efforts should be focused on prevention
of contamination of vienna sausages with pathogenic
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bacteria in the meat processing environment. This would
require that good manufacturing practices (GMP), effective
sanitation and personal hygiene programs and raw material
quality 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 also assure the safety of VPVS.

In the final analysis, therefore, the statement that
"Overall, the presence on meats of lactic a.cidbacteria is
mo~e desirable than that of the type of bacteria they have
replaced" (Egan, 1983) was found to ho}d true in the.case
of in-package pasteurized, vacuum-packaged vienna sausages.
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