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Summary

Listeria monocytogenes differs in several aspects from other pathogens transmissible through food. Considering the fact that it is
widespread and significantly resistant to different unfavorable conditions of growth and development, such as low pH values and
high NaCl concentrations, its microaerophilic and psychrotrophic traits, contamination of food with this pathogen has become one
of the leading problems of public health and food industry. Except for that, the danger of contamination of food production plants is
also based on its ability to survive for a long period in an external environment, as at very low temperatures (from 0°C to 7°C), even at
temperatures of deep- freezing (>-20°C), so at high temperatures (from 60°C to 90°C). Knowing the basic characteristics of L. monocy-
togenes and with the intent of contributing to the improvement of health safety of foodstuffs and protection of consumer health, the
goals of research were testing the effect of different temperature regimes of thermal treatment of frankfurters on the viability of ex-
perimentally inoculated L. monocytogenes. There were also tested the effect of different initial number of experimentally inoculated L.
monocytogenes and technological process of production and storage on dynamics of its viability and growth in the researched meat
products. The obtained results of our research pointed to the possibility of viability of L. monocytogenes in frankfurters with the effect
of different temperature regimes of thermal treatment and storage. Considering our results, we recommend an obligatory control of
foodstuffs to the presence of L. monocytogenes, together with the necessary education of food producers, farmers and general public
on basic measures of protection against the contamination of food by a pathogen, as well as measures of prevention of alimentary

listeriosis.
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Introduction

Bacteria Listeria monocytogenes
differs in several aspects from other
pathogens transmissible through
food. As it is widespread, it is re-
sistant to different environmental
conditions, including low pH values
and high concentrations of NaCl. It is
a microaerophilic and psychrotroph-
ic bacteria. It has become one of the
leading problems in food industry
because of its ability to contaminate
food production plants in different
ways, to survive for a long period
in an external environment (Fen-
lon, 1999), (Warriner et al., 2009), as
well as its ability to grow at very low

temperatures (from 0°C to 7°C), and
to survive in or on food for a long-
er period of time in bad conditions
at temperatures of deep- freezing
(Fraber et al., 1994).

Severe symptoms and mortality
rate caused by L. monocytogenes
bacteria demand suitable preven-
tion measures which are conditioned
by the mentioned characteristics of
pathogen. Therefore it is not realis-
tic to expect all foodstuffs of animal
and plant origin to be free of listeria.
Specificity and characteristics of lis-
teriosis have caused a very lively sci-
entific discussion and encouraged
researches in different areas, such

as the conventional and methods of
fast detection of listeria in food, its
behavior in food, virulence genet-
ics and molecular typing, as well as
epidemiologic researches of this dis-
ease, all in the goal of suppression of
listeriosis.

The data obtained during the last
ten years related to the question of
outbreaks of mass diseases caused
by poisoning after consuming meat
and meat products, indicate that
some meat products become more
prone to microbiological contami-
nation due to the complexity of the
procedures of production and pro-
cessing. Knowing numerous ways
of microbiological contamination
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of meat and meat products during
production, processing and stor-
age, the major determinant of mi-
croflora in meat products is easily
noticed. Meat products which carry
risk from the aspect of L. monocy-
togenes contamination are ready
and semi- prepared meals which are
refrigerated for a longer period of
time, as well as the meals which are
contaminated by microorganisms
in the number of >100 CFU/g or ml
(Walker et al., 1999). Microorganisms
which get into meat from facilities
for slaughter, processing and stor-
age can cause a change in sensory
traits and spoilage of meat and meat
products. Some of them can even
cause alimentary poisonings with
severe or easy consequences. Meat
products which were used in the ex-
periment — frankfurters, also belong
to the group of risky products.

Material and Methods

The research of the effect of tech-
nological process of production and
storage on viability of L. monocy-
togenes in meat products - frankfurt-
ers, was conducted in the period of
2008 to 2009.

There were experimentally pro-
duced 69 frankfurter a’ samples of
100 g. The preparation of raw materi-
als was made in manufacturing facili-
ties of the meat company “Becarevic¢”
Sarajevo. Pathogen inoculation and
completion of the technological
process of production of meat prod-
ucts were performed in laboratories
of the Department of Food Hygiene
and Technology, Veterinary faculty,
University of Sarajevo, where mi-
crobiological and physical- chemi-
cal analyses of experimentally pro-
duced meat products’ samples were
conducted.

Preparation of L.

monocytogenes inoculation

and inoculation

A commercial reference L. mono-
cytogenes strain ATCC 13932 was

MESO

Photo 1. Thermal treatment of frankfurters at 65°C and 72°C. (Technological labora-
tory of the Department of Food Hygiene and Technology)

used for inoculation. Colonies of L.
monocytogenes bacteria were trans-
ferred from the preserved condi-
tion (semi- viscous agar) by swabs
to Brain-Heart Infusion Broth (BHI.,
Ref M 210 Himedia, India), nutritious
broth. After a 24- hour incubation
at 37°C, the inoculum was over in-
oculated at Listeria agar (Fluka Rb
16233, Sigma-Aldrich, India), which
was incubated for 48 hours at 37°C.
Characteristic grown colonies from
agar were inoculated by swabs (1- 2
colonies) in 10 ml Fraser secondary
enrichment broth base (Fluka Sig-
ma-Aldrich, PW 10043RB, USA). 1 ml
of inoculated broth was taken after
24 hours of thermostating at 37°C,
which was used to make decimal
dilutions from -1 to -10. Out of each
dilution there was sowed per 0.1 ml
at Listeria agar in order to determine
the exact count of bacteria/ml which
will be inoculated to meat products.

Previously prepared different con-
centrations of L. monocytogenes in
Fraser Broth were inoculated into
stuffing and raw materials for meat
products by previously sterilized
spray can. Homogenization of the
raw material and added inoculate

was performed after that. There fol-
lowed further stages of technologi-
cal production process after the in-
oculation and homogenization.

Experimental production

of frankfurters

Beef and baby beef of first and sec-
ond class were used for the produc-
tion of frankfurters, and the mixture
of spices and additives which are
added in a suitable quantity accord-
ing to the producer’s specification
and valid normative documents,
Rules of Regulations on meat prod-
ucts quality (SI. List No. 2/92, 13/94
and 14/94).The total quantity of pre-
pared stuffing for inoculation was 10
kg. Out of that, 2.5 kg of raw material
was used to prepare control samples
of frankfurters, and 7.5 kg for the
preparation of frankfurters used for
inoculation with bacteria L. monocy-
togenes.

Cooled meat of the first and sec-
ond class was grinded in a chop-
ping machine (“wolf”), then cut up
in small pieces in a cutter (“Bizerba”)
where it was added a mixture of pre-
pared spices according to the pro-
ducers’ specification. After homoge-



The effect of thermal treatment by cooking and storage on viability of Listeria monocytogenes in frankfurters

Phot 2. Colonies of L. monocytogenes
on a selective base Aloa agar (Collec-
tion of the Department of Food Hy-
giene and Technology

nization and shaping of the stuffing,
the mixture was inoculated with L.
monocytogenes of the initial num-
ber 103-10%/g. In the next stage, the
inoculated stuffing was filled into
a casing of 1.8 cm diameter (sheep
casing) by a manual filling machine
(TEFAL ,Le Hachoir 1500”) of 1.8 cm
diameter. As the final stage (Photo 1)
there followed warm smoking, cook-
ing and showering in an atmosphere
chamber of laboratory kind (SPAKO
MCTT 6, Holland). Temperatures of
cooking inside of products were
65°C and 72°C in the period of 30
minutes. Frankfurters prepared in
such way were cooled (cold shower-
ing), packed in a vacuum packaging
(Krups F380 - China) and refriger-
ated at 0.5°C before sampling.

Sampling

Marking of the samples was per-
formed based on the kind of prod-
ucts and the period of storage and
thermal treatment. All samples of
the experimentally produced prod-
ucts in all analyses were done in a
triplicate.

After the described experimental
production and inoculation, frank-
furter samples were divided into
groups according to temperatures
of thermal treatment and stored at
0.5°C. Storing period of 45 days and
the mentioned temperature were
chosen based on the producer’s
specification. The schedule of frank-
furter sampling for both thermal

Table 1. Microbiological status of raw material for the production of frankfurters

before the experimental inoculation

Coagulase-

Salmonella "
positive

E. coli

spp.
/25¢g

0.1g

Negative Negative  Negative

/0.01g staphylococci/ clostridia

Sulphite

reducing L

monocytogenes|
/0.1g

Proteus spp.
/0.01g

/0.1g

Negative Negative Negative

Table 2. Physical and chemical values of experimentally produced frankfurters

before thermal treatment
Water % Fat %
65.89 171

NaCl % a pH
1.98

W

0.975 6.00

Table 3. Physical and chemical values of frankfurters stored up to 45 days at 0.5°C

After thermal treatment

Sample

After 45 days of storage

Water % Fat% NaCl% aw pH Water% Fat% NaCl% a, pH

Frankfurters

65°C 64.02 18.98

2.34 0.970 5.50

58.82 2268 4.54 0.940 5.0

Frankfurters

72°C 59.58  21.05

2.77 0.964 5.50

54.08 2425 5.17 0930 48

treatments (65°C and 72°C) in the
goal of analyses was made: one,
five, ten, 15, 20, 25, 30, 35, 40 and 45
days after the day of inoculation and
thermal treatment. Except for the
detection and counting of the bac-
teria L. monocytogenes, there were
performed physical and chemical re-
searches and water activity (aw) was
determined.

The principle of isolation

and counting of L.

monocytogenes

Isolation and counting of the
bacteria L. monocytogenes in the
experimentally inoculated frankfurt-
ers were performed by an official
NMLK method, Nordic Committee
no Food Analysis No 136 rd ed. 2004,
Loncarevic et al. (2008).

Preparing procedure of

samples for analyses

There was taken aseptically 50 g of
the sample approximately and it was
homogenized in a stomacher (Lab-
Blender 3500) for 30 to 60 seconds.
After the homogenization, 20 g were
taken for further analysis for primary
enrichment. The rest of the homog-
enized sample was stored at 0.5°C
until the end of the analysis.

Procedures of enrichment,

isolation and reading

Procedures of isolation and count-
ing can be conducted simultane-
ously or counting can start only af-
ter typical or suspicious colonies are
isolated on a selective medium, after
the primary or secondary enrich-
ment. Equal initial dilutions of the
sample can be used for counting,
as well as the procedures of enrich-
ment. Alternatively, these proce-
dures can be performed from sepa-
rate dilutions too, but in this case it is
important to start from the same ho-
mogenized sample. The procedure
of two-stage enrichment was used
in the method of isolation.

For primary enrichment, 20 g
of the homogenized sample were
taken aseptically and there was add-
ed 225 ml of primary enrichment
broth (Half Fraiser Broth), previously
warmed at 30°C - 37°C. Homogeniza-
tion in the length of 30 seconds fol-
lowed.

The homogenized sample with
the primary enrichment broth was
incubated at the temperature of 30.0
+ 1.0°C through 24 + 3 h. After 24
hours of incubation, there followed
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Graph 1. Viability of L. monocytogenes of different initial number in conditions
of thermal treatment of frankfurters by cooking at the temperature of 65°C in-
side the product in the period of 30 minutes
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Graph 2. Viability of L. monocytogenes of different initial number in conditions
of thermal treatment of frankfurters by cooking at the temperature of 72°C in-
side the product in the period of 30 minutes
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Graph 3. Viability of L. monocytogenes in previously thermally treated (65°C and
72°C) frankfurters while storing at 0.5°C in the period of 45 days
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broth (full strength Fraser broth)
and incubated at 37.0 £ 1.0°C in the
length of 48 £ 4 h.

After the secondary enrichment,
there was transferred by a micropi-
pette from test tubes per 0.1 ml of
sample to the surface of the previ-
ously prepared plate for detection
and counting of L. monocytogenes-
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ter which the plates were incubated
at the temperature of 37.0 £ 1.0°C
in the length of 24 + 3 h. Reincuba-
tion of plates for the extra 24 = 3 h
and then reading was done in cases
of negligible growth or in situa-
tions when there was no growth of
colonies or if there were no noticed
typical colonies after 24 + 3 h of in-
cubation. L. monocytogenes was con-

firmed based on appropriate tests
(Gram staining, mobility, enzymatic
reaction - catalase and 3 —hemoly-
sis on blood agar). Characteristic
green- blue colonies of L. monocy-
togenes surrounded by an opaque
halo (Photo 2) were stained after
that and their count was multiplied
with the dilution in order to get the
final count cfu/g.

Physical and chemical pa-
rameters of meat products
(water, fat, NaCl, a, and pH
value)

Determining parameters of the
content of water, fat and NaCl in ex-
perimentally produced frankfurters
was performed in accordance with
the regulations of the Ordinance
on the Methods of Chemical Analy-
ses and Super-analyses of Meat, Fat
and Oil Products (Regulation SL.I. BiH
2/92, 13. and 14/94). Determining
water activities in experimentally
produced meat products was per-
formed by a device for determining
water activity “Testo 650" (Schwar-
zwald) according to the producer’s
instructions. Determining pH values
in frankfurters was performed by a
potentiometric method, pH-meter
“Hanna 210” (Italy), according to the
producer’s instructions.

Results

Analyses’ results are represented
for each experimentally produced
product (frankfurters), both in forms
of tables and graphs. Each result rep-
resents mean value of three meas-
urements at all performed analyses.

The microbiological status made
according to the Ordinance on con-
ditions in microbiological safety
which all foodstuffs have to comply
with (SL.I. BiH No. 2/92, 13 and 14/94),
the raw materials used for the pro-
duction of the mentioned products
and the examination of the presence
of L. monocytogenes before inocula-
tion are presented in Table 1.
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Detection results

and counting of L.

monocytogenes

The results of microbiological
analyses of the effect of the techno-
logical process of production and
storage of frankfurters on growth
and development of the L. mono-
cytogenes bacteria are shown in
Graphs 1, 2,and 3.

Results of researching

physical and chemical

parameters

Determining the content of water,
fat, NaCl, a, and pH value was per-
formed with all experimentally pro-
duced frankfurters in the beginning
and at the end of the technological
process of processing and storage.
The results are presented in Tables 2
and 3.

Discussion

Semi - prepared meat product-
frankfurters, inoculated with two
different initial numbers of L. mono-
cytogenes were exposed to thermal
treatment by cooking at tempera-
tures of 65°C and 72°C in the period
of 30 minutes, as it is required by the
technological production process
(Hadzibeganovi¢, 1975), (Zivkovi¢,
2001).

Results of microbiological analy-
ses presented in Table 1 show that
raw material for the product was
negative for the presence of bacteria
L. monocytogenes and other bacte-
rial contaminators and pathogens.
Except for that, the values of physical
and chemical parameters (Table 2)
complied with the regulations of the
Ordinance on the methods of per-
forming microbiological analysis and
super- analysis of foodstuffs (Regula-
tion SL.I. BiH 2/92, 13. and 14/94) and
technological requirements of the
production (HadzZibeganovi¢, 1975,
1983), (Zivkovi¢, 1986).

The obtained results of the effect
of different regimes of thermal treat-

ment on L. monocytogenes in frank-
furters indicate similarity with the
results of other authors (Caklovica,
2010), (Houben et al., 2006). Graph
1 presents the results of viability of
L. monocytogenes in frankfurters ex-
perimentally inoculated in the ini-
tial concentration of 36 000 CGU/qg,
which was 300 CFU/g at the end of
the thermal treatment by cooking
in the period of 30 minutes at 65°C.
During the activity of the same tem-
perature in the same time interval
and substrate with the initial num-
ber of 2600 CFU/g, as soon as in the
10" minute the count of L. monocy-
togenes was reduced completely.

The temperature of cooking of
72°C in frankfurters with the initial
number of 36 000 CFU/g decreases
the number during the period of 30
minutes to 200 CFU/g, whereas the
initial number of L. monocytogenes
of 2 600 CFU/g was again complete-
ly reduced in the first 10 minutes
(Graph 2). Based on these results, we
conclude that viability of L. mono-
cytogenes in frankfurters on listed
temperatures and time intervals de-
pends directly on the quantity of the
initial number of microorganisms.
Similar results were obtained by oth-
er authors too (Bersot et al., 2001),
(Fraber et al., 1990), (Jemmi et al.,
2006), (Ryser et al., 2001) and (Shig-
enobu et al.,, 2007). This information
is particularly important for produc-
ers of meat products of this type be-
cause it indicates to the importance
of complying with standard opera-
tive procedures in production.

Monitoring the effect of tempera-
ture of storing of 0.5°C during the
period of 45 days to the growth and
viability of L. monocytogenes in the
experimentally produced frankfurt-
ers was presented in Graph 3. The
results indicate clearly not only to
viability but to the evident growth
of bacterial population of L. mono-
cytogenes. They also justify the given
hypothesis that longer storage can

have a favorable influence to its re-
covery after the thermal treatment
at cooking temperatures, which was
also explained by other authors in
their papers (Gill et al.,, 1989), (Mc-
Clure et al., 1997) and (Uyttendaele
et al., 2009).

After cooking at 65°C, on the day
0 of storage frankfurters had 300
CFU/g of L. monocytogenes, whereas
that number was three times higher
on the 30 day, and at the end of the
45" day it was 460 CFU/g. After the
thermal treatment of frankfurters
at 72°C and their storage, the count
of L. monocytogenes was 160 CGU/g
on day 0; then it was double on the
30t day, and at the end of storage
it is marked by the highest growth
of 310 CFU/g. Different growth dy-
namics of L. monocytogenes with
the mentioned thermal treatments
in frankfurters during storage is also
explained by physical and chemical
parameters presented in Table 3. The
results for frankfurters after the ther-
mal treatment at 65°C are 64.02% for
water, then 2.34% for NaCl and 0.970
for water activity, whereas with ther-
mal treatment of 72°C lower values
for the same parameters were ob-
tained, except for pH mean which
was 5.5 in both thermal treatments.
Physical and chemical parameters of
frankfurters after the 45 day of stor-
age with the temperature regime of
65°C, water, NaCl, water activity and
pH value were still somewhat higher
than the values of the mentioned
parameters with the thermal treat-
ment of 72°C (Table 3). The obtained
results show us that loss of water
appears as the consequence of the
increase of cooking temperature,
which affects the values of share of
water and water activity which de-
crease, and the count of L. monocy-
togenes is slightly higher at the end
of storage with frankfurters that
were cooked at 65°C with pH values
which didn’t change significantly.

The obtained values for content
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of water, table salt, water activity
and pH value with different thermal
treatments of frankfurters still rep-
resent a favorable environment for
growth and propagation of L. mono-
cytogenes and that is the reason for
the fact that its count at 0.5°C during
storage is higher on the 45™ day in
comparison to its count on day 0.

The results have shown that the
viability and development dynamics
of L. monocytogenes in frankfurters
after the thermal treatment by cook-
ing at different temperatures with
equal period of storage, along with
the initial number, depends directly
on the share of water in the product
and water activity, which is necessary
for the viability and development of
all microorganisms and competitive
microflora. Other authors, Jemmi et
al,, (2006), Kanabel et al., (1990) and
Ryser et al., (2001) also mention the
possibility of recovery of L. monocy-
togenes after the thermal treatment
and the appearance of its develop-
ment at longer storage of products
in the environment with pH values
below 5, which was confirmed by
our results.

Both a disadvantage and an ad-
vantage of this paper is its concept
which is significant for Bosnia and
Herzegovina only, because it re-
lates to meat products without de-
termined control measures when
it comes to L. monocytogenes. By
pointing to the implicated food and
a recommendation of the signifi-
cance of control, as well as taking ap-
propriate measures to prevent con-
tamination with L. monocytogenes in
plants for production and handling
of food, a contamination chain can
be stopped and large epidemics can
be prevented.

By knowing that the experimen-
tally researched product belongs to
the group of meat products with an
increased risk of viability of Listeria
and a possible transmission to peo-
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ple, and by adopting research results
of the effect of different technologi-
cal procedures of production, stor-
age and viability and development
of Listeria in a frankfurter, a justifica-
tion of this experimental research is
completed.

Conclusions

Based on the results of the re-
search of the development and via-
bility of L. monocytogenes during the
technological process of production,
processing and storage of experi-
mentally produced meat products-
frankfurters, the following can be
concluded:

Storage temperature of 0.5°C
doesn't stop the development of L.
monocytogenes in frankfurters

It has been confirmed that L.
monocytogenes, in comparison to
most pathogenic causative agents,
is extremely resistant to the effects
of different temperatures of thermal
treatment (65°C, 72°C) in contami-
nated products.

The obtained results indicate to
the necessity of the introduction
of the HACCP control system in the
production of frankfurters and its
strict application in the goal of the
elimination of risk of contamination
of these products by L. monocy-
togenes, then more effective protec-
tion of health of end consumers and
prevention of the occurrence of ali-
mentary listeriosis.

The results of our paper indicate
to the necessity of convergence of
legislation of Bosnia and Herzego-
vina to the European legislation in
terms of control of L. monocytogenes
bacteria in food of animal origin.
Namely, the current Ordinance on
conditions in microbiological safety
which all foodstuffs have to comply
with (SLI. BiH No. 2/92, 13 and 14/94)
does not require control of food on
the presence of L. monocytogenes,

whereas similar ordinances in the EU
require not only a legally obligatory
control of food on the presence of
this pathogen, but also an applica-
tion of a wider program of monitor-
ing L. monocytogenes in food.
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