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The strain I 154 of Lactobacillus sakei has been isolated from
traditionally fermented sausages in the course of the realization of the
international project (INCO PROJECT No ICA4-CT-2002-10037). This
strain exhibited the ability for bacteriocin production. Antimicrobial
properties of the isolated bacteriocin (sakacine), its sensibility towards
proteolytic enzymes, as well as the effect of increased to high
temperatures on its stability have been examined in this work. Semi
purified bacteriocin (sakacine) has been isolated from bacteriocin -
producing strain Lactobacillus sakei I 154 by the method of saturated
precipitation with up to 70% ammonium mono-sulphate solution. The
activity of isolated sakacine was examined towards Listeria
monocytogenes, Staphylococcus aureus and Escherichia coli
0157:H7. Pepsine, Papaine and Proteinase K were used as proteolytic
enzymes. The influence of increased and high temperatures on the
bacteriocin activity was examined at different temperatures and
exposition periods including autoclaving effects.
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INTRODUCTION

Growing needs for naturally safe and healthy food have caused the
increased interest for the use of bacteriocin-producing LAB, which are nowadays
used as protective cultures for the production of fermented products in the meat
industry (Schillinger and Lücke, 1989; Mc Mullen and Stiles, 1996; Hugas, 1997).
The principle of biological protection is based on the decrease of the health
consumer risk by acting primarily towards undesirable spoilage or food poisoning
bacteria, without changing the quality of the final product.

Bacteriocines of LAB represent the natural antimicrobial peptides or
proteins that have a very interesting potential for the application in the food
processing industry. Hurst (1981) has named the bacteriocines as "biological food
preservatives" and this term shortly become widely used. The possibility of their
application as bio-protectors (Cleveland et al., 2001), in the service of health

Acta Veterinaria (Beograd), Vol. 60, No 1, 59-66, 2010.



protection (Turcotte et al., 2004), has been established along with the
simultaneous increasing of food shelf life (De Vuyst and Vandamme, 1994). These
are ribosomal proteins that have bactericidal effects and are rapidly digested by
the proteinases of the human digestive tract (Joerger et al., 2000). In the literature
they are often, considering their antibacterial properties, compared to antibiotics
(Hansen, 1993; Hurst, 1981). However, unlike therapeutic antibiotics, their
application, by the rule, avoids the possibility of occurrence of unwanted allergic
reactions in humans (Cleveland et al., 2001). What was for the human race,
directly, the discovery of penicillin by Alexander Fleming in 1929, that are,
indirectly, bacteriocines in the terms of natural protection and food safety.

During the realization of the international project "Safety of traditional
fermented sausages: Research on protective cultures and bacteriocines" (INCO
PROJECT No ICA4-CT-2002-10037), the strain Lactobacillus sakei I154 was
isolated from traditionally fermented sausages. For this strain the ability of
bacteriocin production has been previously detected.

The aim of this research was to examine the properties of the bacteriocin
isolated from Lb. sakei I154 in terms of its strength and antimicrobial spectrum, its
sensitivity to proteolytic enzymes, as well as its activity at increased to high
temperatures.

MATERIAL AND METHODS

Cultures
The range of the antibacterial action of the protective Lb. sakei I 154 culture

was determined by the Agar Well Diffusion Assay (AWDA) method against the
chosen test microorganisms (L. monocytogenes NCTC 10527, Staphylococcus
aureus NCBF 1499 and Escherichia coli 0157:H7 NCTC 12079).

Determination of the ability of bacteriocin production by Lb. sakei I 154
Test microorganisms were added to BHI agar (with 0.5% agar) in the amount

that ensured the concentration of 107–108 cfu/mL in the medium. The incubated
activity of created H2O2 was eliminated by the addition of catalase (5 mg/mL), and
experimental confirmation was done by the proteinase test (50 �L of proteinase K
with an activity of 10-25 mg/mL, was added to 50 �L of the examined, neutralized
broth culture). After one hour incubation at 37oC the antimicrobial activity was
determined.

The existence of the test microorganism growth inhibition zone was
considered as a positive result.

Isolation of the semi purified bacteriocin from Lb.sakei I 154 and
determination of its activity

Isolation of semi purified bacteriocin from Lb.sakei I 154 was done by the
method of saturated precipitation with ammonium-sulphate (Schillinger and
Lücke, 1989) was adjusted to individual laboratory conditions (Veskovic-
Moracanin, 2005; 2007). Several days plating of the broth culture, with the aim to
achieve a Lb. sakei concentration of 1010-1011 cfug–1, was performed by
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centrifuging at 10000 rpm for 30 minutes at 4oC (MSE, "High Speed 18", England).
After separation and neutralization up to pH 6,5 – 7,0 of the supernatant with 10 N
NaOH, the precipitation of bacteriocin with ammonium-sulphate (472.2 g/L) was
done with the aim of obtaining a 70% saturated solution. Separated bacteriocin in
the shape of whitish pellets was suspended in 0.05 M of sodium-phosphate buffer
– pH 7.

The activity of the isolated, semi purified bacteriocin of Lb. sakei was
determined by Agar Well Diffusion Assay (AWDA) method against the selected
test microorganism – L. monocytogenes NCTC 10527.

The isolated bacteriocin, as well as its series of suitable dilutions in the
amount of 50 �L, were sterilized by filtering through 0.22 �m microbiological filter
(Acrodisc, Germany) and subsequently were spotted into the pre-made and
marked basins in agar. Dilutions were made with sterile deionized water. After one
hour incubation at 4oC, the plates were incubated at 30oC for 24h in order to
stimulate diffusion of the examined bacteriocin.

The activity of the isolated bacteriocin was expressed as absolute value,
marked as arbitrary units (AU/mL). Arbitrary values were determined by the
following formula: AU/mL = 2n × (1000 �L/50 �L), where n represents the
maximum dilution of the bacteriocin – bacteriocin portion of 50 �L which gives the
growth inhibition zone for L. monocytogenes (test microorganism) wider than
2 mm.

The influence of increased temperatures and proteolytic enzymes on the
activity of the isolated bacteriocin

The examination of the influence of increased and high temperatures to the
activity of bacteriocin was done with the aim of establishing the functional
properties of the isolated bacteriocin, as well as comprehension of the ability of its
application during the production of certain meat products that require these
temperature rates in their technology. The isolated semi purified bacteriocin
(1 mL) was exposed to the following temperatures: 65oC, 80oC, 90oC and 100oC,
as well as to the effect of high temperatures (121oC) and high pressure (1.2 Ba) as
during sterilization. Cuvettes containing 1 mL of bacteriocin were dipped into the
water bath heated at 65oC, 80oC and 90oC during 10 and 30 minutes. The
influence of 100oC was measured after 10, 30 and 60 minutes. High temperature
(121oC) and increased pressure (1.2 Ba) effects during sterilization, were
determined after 15 minutes. After the predicted time of exposition, the activity of
the isolated bacteriocin was determined by the agar diffusion method (AWDA)
with the selected test microorganism (L. monocytogenes NCTC 10527). Results
were read after 24h incubation at 30oC.

Determination of the protein nature of the isolated bacteriocin was done in
the reaction with proteolytic enzymes. In this research Pepsin – TS (with activity of
1:10000) NF "Galenika", Papaine (�30000 USP-U/mg) "Merck" and Proteinase K
(600 m Ansou U/mL) "Applichem" were used. Enzyme preparations were added
separately in 1 mL of the examined bacteriocin in a concentration of 1 mg/mL and
incubated for one hour at 37oC. After that, the suitable amount (50 �L) of the
sample (bacteriocin + enzyme) was tested by the agar-diffusion method (AWDA)
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in order to determine its antilisterial activity (same as in the previous experiment).
Results were taken after 24h of incubation at 30oC.

RESULTS AND DISCUSSION

Compared to the confirmative tests of bacteriocin activity, the examined Lb.
sakei I154 strain, in a medium with L. monocytogenes NCTC 10527, has had the
typical profile of bacteriocin producing strain (Table1).

Table 1. Typical profile of bacteriocin-producing Lb. sakei I 154

Broth culture Neutralized broth Catalase test Proteinase test

+++ +++ +++ – – –

The determined ability for the bacteriocin production, in examined Lb. sakei,
is in accordance with the literature data proving that different strains of Lb. sakei,
isolated from meat or meat products (fermented sausages), have the ability to
produce secondary metabolites – bacteriocines (Rodrigues et al., 1995 Aymerich
et al., 2000; Schillinger and Lücke; 1989; Hugas et al., 1995). However, genetic
and biochemical characterization has showed that there are only three
bacteriocines synthesized by Lb. sakei, and these are: sakacine A, sakacine P
and lactocine S (Nettles and Barefoot, 1993). Sakacine A and sakacine P are the
ribosomal proteins having characteristic amino sequences at the N-terminal end
of the peptide (Tyr-Gly-Asn-Gly-Val-Cys), which corresponds to the IIa class of
LAB bacteriocines (Ennahar et al., 1999). This group of bacteriocines possesses
the emphasized antilisterial effect and their application in the food industry is very
important (Drider et al., 2006). More detailed analyses (Cocolin et al., 2005) have
established that isolated bacteriocin corresponds, according to its properties, to
sakacine P.

Results of the examination of antibacterial activity of bacteriocin producing
Lb. sakei I 154 strain have showed the intensive inhibitory activity towards L.
monocytogenes NCTC 10527, while the inhibitory effect towards S. aureus NCBF
1499 and E. coli 0157:H7 NCTC 12079 was missing.

Established bacteriocin activity of Lb. sakei I 154 towards L. monocytogenes
is in accordance to other author’s findings that implies the fact that inhibitory
activity of the LAB bacteriocines is dominant mostly towards Gram positive
bacteria, primarily towards bacteria belonging to genus Listeria (Schillinger, 1990;
Abee, 1995). Actually, a high taxonomic relationship of the genuses Listeria and
Lactobacillus, determines the high sensitivity of Listeria species towards
bacteriocines produced by Lactobacillus spp. (Ludwig et al., 1984; Wilkinson and
Jones, 1997). This is the reason for having the research mostly aimed at the
examination of LAB bacteriocin action towards L. monocytogenes as a test
microorganism (Deaschel, 1989; Schillinger and Lücke, 1989).

Maximum dilution of bacteriocin isolated from Lb. sakei I 154, which gave
the antilisterial effect, was 1:32 (25). By the above stated formula the calculated
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activity of this bacteriocin was cca 640 AU/mL. The mechanism for determination
of bacteriocin activity by the critical dilution test is shown in Figure 1.

Results of the examination of high temperatures on the activity of
bacteriocin isolated from Lb. sakei I 154 are implying its emphasized thermo
resistance (Table 2). Generally, as the temperature increases, at 100oC, the
decrease of its activity occurs. Antilisterial activity of bacteriocin, slightly
diminished, is established even after sterilization (121oC, 1.2 Ba; 15 minutes of
exposition). The established thermal resistance indirectly discovers the nature of
isolated bacteriocin. Actually, literature data evidencing that bacteriocines
isolated from Lb. sakei mostly belong to the I and IIa classes (Holck et al., 1992;
Cintas et al., 1998; Guyonnet et al., 2000), which are classes of very small globular
proteins featured with high thermostability.

Table 2. Activity of bacteriocin isolated from Lb. sakei I 154 after exposure to
increased temperatures

65oC 80oC 90oC 100oC 121oC
1.2 Ba

10 min 30 min 10 min 30 min 10 min 30 min 10 min 30 min 60 min 15 min

+++ +++ +++ +++ +++ +++ ++ ++ ++ ++

Results of the examination of the influence of proteolytic enzymes on the
activity of isolated bacteriocin have shown the absence of the antilisterial effect. In
this way its protein nature was confirmed, which is basically the property of
bacteriocines produced by LAB (Klaenhammer, 1993; Nes and Holo, 2000).
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Figure 1. Mechanism for determination of activity of bacteriocin isolated form Lb. sakei by
the critical dilution principle
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The protein nature of bacteriocin determines their destiny in the human
digestive tract. Humans are the final consumers of the products with added
bacteriocines or bacteriocines produced by LAB. Experts from this area of food
safety (Sanders, 1993; Joerger et al., 2000) while defining the bacteriocines of
LAB, emphasize their protein nature, showing the fact that these can be degraded
by the human digestive proteinases.

CONCLUSION

The established functional properties of the bacteriocin isolated from Lb.
sakei I154, as well as the proved inhibitory effect against the Listeria
monocytogenes, represents the interesting potential that should be the basis for
further investigations in the aim of establishing the possibility of its application as
bioprotector in the food industry, primarily during the production of fermented
meat products – Sremska sausage (Veskovic-Moracanin, 2005; 2007).

On the other hand, significant persistence of the consumers, in terms of a
negative attitude when the utilization of chemical substances – additives in food
production is concerned, opens the possibility of introduction of bacteriocin as an
addition to the "barrier" approach of food protection. Determined thermostability
of isolated bacteriocin enables its application even in those products that are
produced at increased or high temperatures. At the same time, protein nature of
the bacteriocin and its sensitivity to the action of proteolytic enzymes fulfills with
optimism when thinking of its possible application as a food bioprotector. Any
other destiny in the human organism (accumulation, partial degradation,
resorption, etc.) wouldn’t be desirable. On the other hand, suppression of
pathogenic bacteria in the human digestive tract caused by the activity of directly
added bacteriocines as additives should be suspicious due to inactivation with
proteolytic enzymes.

Due to all of these facts and the obtained data the recommendation for
potential application of the bacteriocin isolated from Lb. sakei I 154 in the meat
industry, as an addition to the barrier approach of food protection in the aim of
ensuring the food safety can be given.
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ANTIMIKROBNA SVOJSTVA AUTOHTONOG IZOLATA LACTOBACILLUS SAKEI

VESKOVI]-MORA^ANIN SLAVICA, OBRADOVI] D, VELEBIT B, BOROVI] BRANKA,
[KRINJAR MARIJA i TURUBATOVI] L

SADR@AJ

Soj Lactobacillus sakei I 154 izolovan je iz tradicionalno fermentisane koba-
sice u sklopu me|unarodnog projekta (INCO PROJECT No ICA4-CT-2002-10037).
Soj je ispoljio sposobnost proizvodnje bakteriocina. U radu su ispitivana antimik-
robna svojstva izolovanog bakteriocina (sakacin) kao i njegova osetljivost ka pro-
teoliti~kim enzimima i aktivnost i stabilnost pri visokim temperaturama. Sakacin je
izolovan metodom precipitacije zasi}enim 70% rastvorom amonijum sulfata. Ispi-
tivan je efekat na rast Listeria monocytogenes, Staphylococcus aureus i Escheri-
chia coli 0157:H7. Za ispitivanje proteoliti~ke stabilnosti kori{}eni su enzimi pep-
sin, papain i proteinaza K. Ispitivana je i aktivnost bakteriocina pri razli~itim tem-
peraturama i ekspoziciji uklju~uju}i i efekte autoklaviranja.
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