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Abstract

Simonova M., K. Sirotek, M. Marounek, A. Laukova: Lipolytic Activity of Potential
Probiotic Enterococci and Additive Staphylococci. Acta Vet. Brno 2008, 77: 575-580.

The ability to produce lipolytic enzymes by enterococci and staphylococci isolated from
rabbit faeces and traditional Slovak sausages was examined. Seven strains (3 by genopypization
allotted to the species Enterococcus faecium and 1 Enterococcus species of rabbit origin, 2
rabbit staphylococci and 1 Staphylococcus xylosus SX SO1/1M/1°/2 strain - sausage isolate)
were lipolytic activity free, whereas lipolytic activity of remaining isolates varied in the range
from 61.4 = 0.0 to 470.7 = 0.0 mmol/h/mg of protein. In general, enterococci isolated from
sausages showed higher lipolytic activity compared to rabbit enterococci; on the other hand,
rabbit staphylococci produced more lipase than was measured in staphylococci from fermented
meat products. The predominance of staphylococcal lipolytic activity of both origins was
detected; the selected strains could be recommended as starter culture in sausage production,
e.g. by improving meat quality due to their lipid content.

Bacteria, lipase, metabolic activity, rabbit, fermented meat products

At present, lipases (glycerol ester hydrolases, E.C. 3.1.1.3) form an important group
of relevant enzymes and they find their use in a variety of biotechnological fields such
as food and dairy, pharmaceutical, detergent, agrochemical, oleochemical, textile and
cosmetic industries (Jaeger et al. 1994). Lipolytic enzymes are found in bacteria, plants
as well as in animals (Saxena et al. 1999, 2003; Gupta et al. 2004). Lipases of microbial
origin, mainly bacterial and fungal, find a wide use due to their manifold properties, easy
extraction and unlimited supply as well as easy cultivation of microbes. Bacteria produce
different classes of lipolytic enzymes, which are mostly extracellular; some of them have
affinity to short-chain fatty acids, some have preference for unsaturated fatty acids and
many others are non-specific (Saxena et al. 1999). Their activity is greatly influenced by
biochemical and physico-chemical factors such as temperature, pH, presence of lipids,
inorganic salts, nitrogen and carbon sources (Jaeger et al. 1994; Gupta et al. 2004).
There are many reviews and studies of the origin, production, biochemical and molecular
properties as well as purification of bacterial lipolytic enzymes (Jaeger et al. 1994,
Arpigny and Jaeger 1999; Saxena et al. 2003; Gupta et al. 2004). Although many
of lipase-producing bacterial sources are available, only a few were characterized in
detail and purified (Gupta et al. 2004). Of these, the lipases from Pseudomonas species
are the most often and widely used in biotechnological processes (Jaeger et al. 1994).
However, lipases produced by other bacterial genera, e.g. by Achromobacter, Alcaligenes,
Arthrobacter, Bacillus, Burkholderia, Chromobacterium are also important (Gupta et
al. 2004). Lipolytic activity is frequently detected among enterococci and staphylococci
(Kar et al. 1996; Rosenstein and Gotz 2000; E1-Din et al. 2002); moreover, lipases
from the genera Staphylococcus, Bacillus and Pseudomonas belong to the best studied
enzymes (Arpigny and Jaeger 1999). The production of lipases is a general property
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mainly of staphylococci and enterococci, but also of other Gram-positive cocci, and plays
arole in the flavour development of fermented meat products (Nychas and Arkoudelos
1990) and in cheese-making (Tsakalidou et al. 1993). For this reason staphylococci and
enterococci are studied for their lipolytic ability.

The aim of this study was to examine the ability to produce lipolytic enzymes by
staphylococci and enterococci from rabbit faeces and traditional fermented meat products
selected as potential additives and/or probiotics in our laboratory (Laboratory of Animal
Microbiology, Institute of Animal Physiology, Slovak Academy of Sciences in KoSice,
Slovakia), for their possible utilization as starter cultures in sausage production and
as feed additives in rabbitries to maintain the rabbit meat quality (especially its lipid
content).

Materials and Methods

Enterococci and staphylococci used in this study were isolated from the faeces of rabbits and Slovak traditional
fermented meat products. They have previously been characterized to be potential probiotics (Laukova et al.
2004; Simonova et al. 2005, 2006; Strompfova et al. 2005). Enterococci and staphylococci were isolated from
the faeces of 23 rabbits of different age (in the range from 2 months to 3 years) of 5 different rabbit flocks. Faeces
were collected individually from each animal and treated by the standard microbiological dilution method using
appropriate dilutions in (0.85%) saline solution. The strains of enterococci and staphylococci isolated from 4
traditional Slovak meat products - sausages (2 of them were prepared using starter cultures) were selected by
standard microbiological methods using appropriate dilutions in Buffered Peptone Water (Biomark, India). The
samples were plated on M-Enterococcus agar and Mannitol Salt agar (Becton & Dickinson, Cockeysville, USA; NF
V 04-503, ISO 15214) and incubated at 37 °C for 24-48 h. Then the colonies were randomly picked up from each
sample to have a target of 58 enterococcal colonies and 25 staphylococcal colonies from rabbits and 101 colonies
of enterococci and 187 colonies of staphylococci from sausages, they were checked for purity and maintained
on ME and MSA agar. DNA from each strain was obtained by a simple procedure: 1 loopful of bacterial colony
(10 wl) resuspended in 30 pl H,0 and vortexed for 10 min. Then the supernatant aliquots were used as template
DNA. For the identification of enterococci, 10.0 pl of the template were added to 39.5 pl of the reagent mixture
which contained 0.5 pM each of primers, 0.2 mM each deoxynucleotide (dATP, dTTP, dCTP, dGTP - dNTPs,
Invitrogen), 2.5 mM MgCl, (Invitrogen), 10 x PCR buffer (Invitrogen), 1.25 U Taq polymerase (Invitrogen), and
H,O to the total volume of 50 ul. The sequences of the primer pairs used for PCR-amplification of enterococci were
as follows: for E. faecium 5°-GCAAGGCTTCTTAGAGA-3* and 5°-CATCGTGTAAGCTAACTTC-3* (Merck,
Darmstadt, Germany), forE. faecalis 5*-ATCAAGTACAGTTAGTCTT-3"and 5°-ACGATTCAAAGCTAACTG-3"
(Dutka-Malen et al. 1995; Woodford et al. 1997). For E. faecium and E. faecalis detection, the amplification
protocol was as follows: initial denaturation at 95 °C for 2 min, 40 cycles of 95 °C for 1 min, 55 °C for 1
min, 72 °C for 1 min, 72 °C for 10 min. Techgene KRD thermocycler (Techne, UK) was used for all samples.
The sequences of the primer pairs used for PCR-amplification of staphylococci were as follows: for S.
xylosus 5°-AAGTCGGTTGAAAACCTAAA-3° and 5°-CATTGACATATTGTATTCAG-3‘, for S. carnosus
5’-GAACCGCATGGTTCTGCAA-3’ and 5’-CGTCAAGGTGCGCATAGT-3’(Aymerich et al. 2003). In the
case of staphylococci, 1.0 pl of the template was added to 24 pl of the reagent mixture which contained 0.5 uM of
each primer, 0.2 mM of each deoxynucleotide (dATP, dTTP, dCTP, dGTP - dNTPs, Invitrogen), 2.5 mM MgCl,
(Invitrogen), 10 x PCR buffer (Invitrogen), 1.25 U Taq polymerase (Invitrogen), and water to a total volume of
25 pl. The amplification protocol was as follows: initial denaturation at 96 °C for 3 min, 35 cycles of 95 °C for
30s, 58 °C for 30 s, 72 °C for 30 s, 72 °C for 5 min. A Techgene KRD thermocycler (Techne, UK) was used for
all samples. The PCR products (10 pl of each) were separated by electrophoresis in 0.8% agarose gels (SIGMA,
Germany) buffered with 1xTAE (Merck, Germany) containing 1 pg/ml ethidium bromide (SIGMA, Germany).
The molecular mass standard (100 bp DNA Ladder, Invitrogen) was used according to the manufacturer’s
instructions.

The strains for lipolytic activity test (Table 1) were propagated in Brain Heart Infusion broth (BHI, Oxoid,
Basingstoke, England) for 18 h at 37 °C. The 18h culture of each strain (200 ml) was centrifuged (4000 g, 40
min; Centrifuge K23). The cell pellet - sediment was resuspended in 5 ml of supernatant and disrupted using
a Sonificator VC601 (Sonics & Materials Inc., Newtown, USA; 7.5 min 2 x 1 sec, 80 - 100 mV) in an ice
bath. The disrupted cells were centrifuged at 16000 g for 40 min and the supernatant was used as sample for
lipase activity measurement - for incubation with tributyrin as well as for control samples (without tributyrin
and incubation).

Activity of lipase was measured by the modified method of Bier (1955). Bacterial cultures (0.4 ml) were
incubated with Sorensen phosphate buffer (pH 6.0; 1.6 ml), containing 0.2 M Na,HPO,.7H,0 (0.88 ml) and 0.2
M Na,HPO, (0.12 ml) and emulsified using 150 mM tributyrin (2.0 ml). The emulsion (prepared from 10 ml of
tributyrin, Biochemica, Fluka, Switzerland; 1 ml of Tween 80, Biochemica and 100 ml of destilled water) was
disrupted using a Sonificator VC601 (Sonics & Materials Inc.; 7.5 min 2 x 1 sec, 80 - 100 mV). The reaction
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mixture (bacterial culture, buffer and emulsion) was incubated 1 h at 39 °C and then frozen. Control samples
(bacterial culture, buffer) of each tested bacteria were prepared and treated as was described above, however,
emulsified tributyrin was not added and the sample was not incubated; these samples were frozen immediately.
The measurement of lipolytic activity of tested bacteria was conducted in five replicates of each.

Both samples, 3 ml of each control and reaction, were determined by titration with KOH (0.2 M), using
7-8 drops of bromthymol blue solution as indicator (Dilutor apparatus), after steam distillation in the Markham
apparatus (with 4 ml of mixture 2.0 M H,SO, and 40% MgSO,). The blank sample was also prepared with 3 ml
of distilled water instead of sample.

Values of lipolytic activity were calculated using the following equation:

Lipolytic activity = F'. [(V - V) - (V. - V)] / Bacterial protein content,

where F is a constant value (333.33)/2 . V; V. /V_is ml of KOH used for titration of reaction/control
sample; V is ml of KOH used for titration of blank. The protein content (mg/ml) of tested bacteria was
measured according to Bradford (1976). The lipolytic activity of tested bacterial strains was expressed in units
mmol/h/mg of protein.

Results and Discussion

Among 58 enterococci isolated from rabbit faeces specified by PCR, 31 strains (53.4%)
were allotted to the species E. faecium and 11 strains (19.0%) belonged to the species E.
faecalis (Simonova et al. 2005). Concerning the rabbit staphylococci, 6 strains (24.0%)
were allotted to the species S. xylosus; the remained strains of staphylococci were not
identified as S. xylosus or S. carnosus. The species of E. faecium dominated in sausages
(69.3%; 70 strains), whereas E. faecalis was identified in lower counts (8.9%; 9 strains).
On the other hand, E. faecalis was the dominating species among enterococci isolated from
the traditional Portugal fermented product “chourico” (Laukova et al. 2007). Among 187
staphylococcal isolates from sausages, 63.6% of strains (119 isolates) were allotted to the
species S. xylosus, 10.7% of strains (20 isolates) belonged to the species S. carnosus and
25.7% of isolates (48) were not identified. The species mentioned are frequently detected
in fermented products (Simonova et al. 2004).

The target of strains included 6 strains of Enterococcus faecium from rabbit faeces,
1 strain of E. faecalis, 1 strain of Enterococcus sp., 1 strain of Staphylococcus xylosus and 5
strains of Staphylococcus sp. from rabbit faeces as well as 3 E. faecium strains from sausages,
2 strains of S. xylosus and 1 strain of S. carnosus isolated from the traditional Slovak sausage
(Table 1) were selected to test their lipolytic activity developing on our previous studies
concerning their properties (Laukova et al. 2004; Simonova et al. 2005, 2006; Strompfova
et al. 2005).

Seven strains (4 rabbits enterococci, 2 rabbit staphylococci and 1 S. xylosus SX
SO1/1M/1°/2 strain- sausage isolate) were lipolytic activity free, whereas the lipolytic
activity of other tested isolates varied in the range from 61.4 + 0.0 to 470.7 + 0.0 mmol/h/
mg of protein. In general, enterococci isolated from sausages showed higher lipolytic
activity comparing to rabbit enterococci; on the other hand, rabbit staphylococci produced
more lipase than measured in staphylococci from fermented meat products. Although the
activity of lipolytic enzymes in the digestive tract of rabbits had been already measured by
several authors (Marounek et al. 1995), information on the lipolytic activity of enterococci
and staphylococci isolated from the rabbit ecosystem - digestive tract and faeces - has not
yet been described. Enterococci of rabbit origin were able to degrade tributyrin; it might
be interesting to monitor this property in connection with lipid metabolism and/or with
the lipid content in rabbit meat. The detection of lipolytic activity among enterococci of
dairy and meat (sausage) origin is more common and measured in higher values. El-Din
et al. (2002) also described lipolytic enterococci isolated from dairy products using several
natural and synthetic substrates, including tributyrin; enterococcal lipases hydrolysed
tributyrin more rapidly than other simple triglycerides. On the other hand, measurements
of the lipolytic activity of bacteria isolated from dairy and meat products are common
and even requested because of the product quality. Moreover, lipolysis as technologically
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Table 1. Lipolytic activity of enterococci and staphylococci from rabbit faeces and traditional meat products

Lipolytic activity
Isolates Source (mmol/hour/mg of protein)
E. faecium EF2019 rabbit faeces 199.3 +£109.0
E. faecium EF1819 rabbit facces 185.8+£0.0
E. faecium EF2119 rabbit facces 759+0.0
E. faecium EF1839 rabbit faeces 0
E. faecium EF529 rabbit faeces 0
E. faecium EF24/10 rabbit faeces 0
E. faecalis EE259 rabbit faeces 320.9+0.0
E. sp. E829 rabbit facces 0
S. xylosus SX519 rabbit facces 470.7+ 0.0
S. sp. S729 rabbit faeces 117.7£50.9
S. sp. S1519 rabbit facces 176.5 +83.2
S. sp. S239 rabbit facces 160.5 + 87.8
S. sp. S1629 rabbit faeces 0
S. sp. S1639 rabbit facces 0
E. faecium EF SO2/F11 sausage 441.3 +176.5
E. faecium EF SO2/223 sausage 121.7+ 0.0
E. faecium EF SO4/1M/2 sausage 356.6 + 123.5
S. xylosus SX SO1/1M/1°/2 sausage 0
S. xylosus SX SO1/1M/2"/3 sausage 70.5+21.5
S. carnosus SC SO2/F/2/5 sausage 61.4+0.0

E. - Enterococcus, S. - Staphylococcus, sp. - species

relevant property is usually determined to evaluate the strain suitability - mainly in the
case of staphylococci - as starter culture in sausage fermentation, due to their contribution
to the flavour development. Martin et al. (2006) described low lipolytic activities only
in half of the staphylococci isolated from fermented sausages, whereas the species of S.
xylosus was found in the highest percentage of lipolytic strains; it is in accordance with
our results. Talon and Montel (1997) reported greater variety (10.13—1502.85 nmol/min/
mg of protein) of the butyrate hydrolyse activity of the extracellular extracts of different
staphylococcal species, including S. carnosus, S. xylosus, S. warneri and S. saprophyticus,
comparing to our results (61.4-470.7 mmol/h/mg of protein). Staphylococci of rabbit
origin and also from fermented sausages were able to degrade tributyrin.

It can be concluded that enterococci and staphylococci isolated from the rabbit ecosystem
and from fermented meat sausages are able to degrade tributyrin under laboratory conditions.
From basic research point of view we would also like to compare the metabolic properties
of the isolates from the genera Enterococcus and Staphylococcus or species of these genera
from different sources to enrich and update already known data; it is a part of the long-
term study. Predominance of the staphylococcal lipolytic activity of both sources, food and
animal, was detected; the selected strains could be recommended as further starter culture
in sausage production, e.g. by improving meat quality due to its lipid content. Of course,
more detailed studies of their lipolytic activity are requested.

Lipolyticka aktivita potencidlnych probiotickych enterokokov a stafylokokov

V prezentovanej praci bola sledovana schopnost’ enterokokov a stafylokokov produkovat’
lipolytické enzymy. Testované kmene boli genotypizaciou priradené ku druhu Enterococ-
cus faecium (3 izolaty z trusu kralikov) a 1 kmen bol blizSie neSpecifikovany Enterococcus
sp. Dva kmene stafylokokov (z trusu kralikov) a kmen Staphylococcus xylosus SX S0/1M/1°/2
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boli izolované z fermentovanych méisovych produktov. Tieto kmene nevykazovali lipolyticka
aktivitu, zatial'Co lipolyticka aktivita u ostatnych testovanych kmenov dosahovala hodnoty
v rozsahu od 61.4 + 0.0 do 470 + 0.0 mmol/h/mg proteinu. Celkovo, enterokoky izolované
z fermentovanych mésovych produktov vykazovali vyssiu lipolytickll aktivitu v porovnani
s enterokokmi, ktoré boli izolované z trusu kralikov; na druhej strane vsak stafylokoky izolo-
vané z kralikov produkovali viac lipazy nez stafylokoky z fermentovanych pruduktov. Avsak
dominovala lipolyticka aktivita u stafylokokov izolovanych z obidvoch ekosystémov. Niektoré
z tychto kmenov by mohli byt vyuzité ako Startérové kultury pri vyrobe fermentovanych més-
ovych produktov, pre lepsiu kvalitu mésa v sivislosti s obsahom tukov v fiom.
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