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Abstract: 19 caper (Capparis spinosa Desf. var. canescens) samples, which were obtamned from the flower buds
and then fermented m 10% NaCl of brine for 2 months at 30°C, were studied in this experiment. Lactobacillus
spp. were isolated from the caper pickle samples using the classical methodologies. The isolated Lactobacillus
spp. were 1dentified to determine their acid and hydrogen peroxide production, general inhibitory effects,
bacteriocin or bacteriocin-like substance effects and hydrogen sulfur production. The plasmid, DNA and
protem profiles of identified Lactobacillis spp. were determined. As a consequence, 18, 6, 5 and 3 of 32 1solated
Lactobacillus spp. were determined to be L. plantarum, L.casei, L.fermentum and L. brevis, respectively. Plasmid
was not observed in the identified lactic acid bacteria. Their DNA magnitudes were determined between 1400

bp to 500 bp.
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INTRODUCTION

Fermented capers are an important seasoning in the
Mediterranean kitchen and are greatly appreciated for
their flavour, appetite and digestive properties. The
manufacture of many traditional foods relies on
spontaneous fermentations and the safety of the LAB
mvolved 1s largely unknown. The fermentation of capers
is very popular in Mediterranean countries [1, 2, 3]. Lactic
acid bacteria (LAB) naturally occur in foods and play a
key role mn the manufacture of fermented foods as well as
in food preservation. They are also commensal bacteria in
humans and ammal microflora [4] and many isolates find
specific applications as probiotics [5]. Studies on starter
cultures used in fermented products are very limited in
Turkey. Starter cultures are mostly used in meat products
like faggots, frankfurters and in salami [6, 7, 8, 9, 10, 11].
studies on starter cultures and
Lactobacillus strains used in the fermented products like

There are some

pickle and the like. These are mostly on soybean products
in Far-Eastern countries. Besides, there are some plant
fermented products all over the world [12]. Tt is also
known that the metabolic products and antagonistic
effects of bacteria are very prominent factors in choosing
starter cultures. The antagomistic effects of lactic acid
bacteria are attributed to their different biochemical
characteristics. Lactic acid bacteria can produce organic
acids such as lactic and acetic acid from carbohydrates.
Most of the food sourced pathogens or non-pathogen
contaminants are not resistant to this decrease i pH
[2, 13,14, 15, 16, 17]. Besides, lactic acid bacteria produce
a lot of complex having an mhibitory effect. Among of
them, there are H;O, diasetiline, CO, and bacteriocins
[5,14, 13,15, 16, 17].

In the literature, no study has appeared to focus on
the microorganisms, which produces capers pickle.
Therefore, it was aimed to determine the dominant species
of Lactobacillus, which are effective in the fermentation
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of caper pickles and to find out their metabolic and
antimicrobial effect and to 1dentify the plasmid profiles of
the strains and also to check the accuracy of the
1dentification by comparing the DNA profiles of reference
strains to those of the isolated strains.

MATERIALS AND METHODS

Capers (Capparis spinosa Desf. var. canescens) buds
were collected from Konya (Selcuklu) in Tuly, 2006. After
undesired substances were removed from the flower buds
(%<8 mm=<13 mm), they were classified. Then, the buds
were fermented in hermetic covered glass bottles
mecluding brine with % 10 NaCl concentration at rate of
Yow/v at 30°C for two months. After the fermentation
process, the brined samples were brought under aseptic
conditions and analyzed. 19 samples were used in the
experiment.

The Isolation of Lactobacillus: To isolate Lactobacillus
bacteria from pickle, the 1 ml of samples was taken and
then mixed using vortex in a tube including 9 ml of
physiological water. Appropriate dilutions were prepared
from each of sample and were cultivated on MRS Agar
culture according to the scattering platter method and
then the platter were incubated in the aerobic conditions
at 35°C for 42 hours. After the colonies developed on the
MRS Agar were analyzed, the bacteria colomes, which
were determined to have Lactobacillus of odd, even or
chain morphology, were richened by mjecting them into
10% litmus milk and then incubating them at 35°C for
2 hours. Then, the cultures were put into eppendorf tubes
with 2 ml capacity and stored at -20°C untl they were
used [18].

The Identification of Bacteria: In the identification of
isolated bacteria, their morphological and physiclogical
features were tested and some biochemical tests were also
used. The assessment and identification of all isolates as

a genus were carled out according to general
identification methods [19, ¥].

The Determination of Acid Production of Strains:
Sterilized and skimmed 25 ml milk at 10% concentration
from active cultures were imected to the culture
environment on the petri dishes at the ratio of 2% and
then incubated at 35°C for 42 hours. After incubation, the
acid content produced by the strains was titrated with 0.1
N of NaOH and the acid amounts produced by strains
were calculated as percentage. The relationship between
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acid production levels of strains and their inhibition zones
were statistically determined using the correlation
coefficient in SP3S software.

The Determination of Hydrogen Peroxide Level Produced
by Strains: Hydrogen peroxide level was determined by
Reinheimer er al. (1990) using a spectrophotometric
technique[20]. The
peroxide production of strains and their mhibition zones

relationship between hydrogen

was statistically determined as a correlation coefficient
using SP3S software.

The Determination of General Inhibition Effects of
Strains and Bacteriocins or Bacteriocinlike Substances:
In this study, Escherichia coli ATCC 25922, Bacillus
cereus ATCC 1187, Klebsiella pnewmoniae NCTC 5049,
Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853, Salmonella enteritidis ATCC
13076 strains were used as the test bacteria.

The general inhibition and bacteriocins effects of
strains on test bacteria were determined using agar-
diffusion method. The Lactobacillus strains were injected
onto MRS Broth culture containing 10 ml glucose at 2%
of concentration and then were incubated for 48 hours at
35°C. To quench the inhibition effect of lactic acid
bacteria while bacteriocins production was determined,
they were incubated under the same conditions without
oxygen. After the mcubation, the petri dishes mcluding
the culture environment were centrifuged at 5 rpm and
then the clear supernatant was filtered through a 0.2 pm
membrane filter [21].

To determine the inhibition and bacteriocin effect of
Lactobacillus strains, test bacteria were activated 1n
Nutrient Broth to achieve the density of Mac Farland No:
0.5. 100 pm Lactobaccilus culture filtrates were filled into
the small holes at the diameter of 0.8 ¢cm in Nutrient Agar
culture environment including the test bacteria and then
incubated at 35°C for 48 hours and the diameters of
formed zones were specified in mm units [21].

The Determination of Hydrogen Sulfur Level Produced
by Strains: To activate in TSI (Triple Sugar Iron) Agar
culture environment, the 0.5 ml Lactobacillus strains was
pipetted and scattered on MRS Broth using scattering
method. They were incubated at 35°C for 21 days. In the
culture environment, the H,S production was determined
based on the darkening of the colomes [22].

Plasmid TIsolation Method: The plasmid isolation was
carried out as reported m the literature [23].
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DNA Tsolation Method: The DNA was isolated according
the method modified by [24]. 1 kb plus DNA ladder (Life

Technologies, Ttaly) was used as a marker.

Polymerase Chain Reaction (PCR): 5
CTCATCATGTCGACCCGG-3 (P1), 5l
TCACTGATTTTAACA-3' (P2), 5'-

GGGCGOTGTGTACAAGGC -3 (P3) were used primer. By
making use Eppendorf Personal Thermal Cycler, the
reactions were carried out firstly at 94°C 1 cycle at
2 minutes, one minute at 94°C, one minute at 56°C and
followed by the final 25 cycle for one minute at 72°C, at
56°C. The last extension was performed at 72°C for
10 minutes [25, 26].

RESULTS

18 of 32 strains 1solated from the 19 pickle samples
were Lactobacillus plantarum (56.2 g/100g), the 6 were

Table 1: The biochemical properties of the isolated strains

Lactobacillus casei (18.8 g/100g), 5 were Lactobacillus
Jermentum (15.6 g/100g), 3 were Lactobacillus brevis
(9.4 g/100g) (Table 1), which indicated that the dominant
strain m the pickles was Lactobacillus plantarum.
Average hydrogen peroxide production of the strains was
2.14 pg/ml. The lnghest hydrogen peroxide was produced
by Lactobacillus plantarum B9 strain at the amount of
2.62 ng/ml. The hydrogen peroxide productions of the
strains were presented i Table 2.

Average acid production of strains was 0.73% and
the hghest acid was produced by Lactobacillus
plantarum BE. The acid production of strains is also
given in Table 2.

Out of a total of 32 strams, 8 of Lacfobacillus
plantarum, 2 of Lactobacillus casei’ , 3 of Lactobacillus
Jermentum and one of Lactobacillus brevis produced
hydrogen sulfur as seen in Table 2. General inhibition
zone diameter effect of strains on test microorgamsms is
also given i Table 2 and the mlubition effect zone
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Lactobaciiius plantarum Bi
Lactobaciiius plantarum B2
Lactobacillus plantarum B3
Lactobacillus plantarum B4
Lactobaciiius plantarum BS
Lactobaciiius plantarum B6
Lactobacillus plontarum BT
Lactobacillus plantarum BS
Lactobaciiius plantarum B9
Lactobaciiius plantarum B10
Lactobacillus plontarum Bii
Lactobacillus plontarum B2
Lactobacillus plantarum Bi3
Lactobacilius plantarum Bi4
Lactobacillus plontarum B15
Lactobacillus plontarum B16
Lactobaciiius plantarum B17
Lactobaciiius plantarum B18
Lactobacitius casei MO 1
Lactobacilius casei MO2
Lactobaciilus casei MO3
Lactobaciflus casei MO4
Lactobacilius casei MOS
Lactobacifius casei MO6
Lactobaciiius fermentum MBI -
Lactobaciiius fermentum MB2 -
Lactobacillus fermentum AMB3 -
Lactobacillus fermentum MB4 -
Lactobaciiius fermentum MBS -
Lactobacilius brevis M1 -
Lactobacilius brevis M2 -
Lactobacilius brevis M3 -
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1 = Amygdalin, 2 = Arabinose, 3 = Sellobiyose, 4 = Esculin, 5 = Fructose, 6 = Galactose, 7 = Glucose, 8 = Glukonate, 9 = Lactose, 10 = Maltose,
11 = Mannitol, 12 = Mannose, 13 = Melezitose, 14 = Melibiyose, 15— Raffinose, 16 =Rhamnose, 17 = Riboze, 18 = Salicin, 19 = Sorbitol,

20 = Sucrose, 21 =Trehalose, 22 = Xylose
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Table 2: The Genera Inhibition effect (zone radiug, mm) of the Isolated Strains on Test Bactenia which produces Hydrogen Perozmde (HyO5), Acd, Hydrogen

Sulfur (Hy3)
Hy0, Yocidity H.5 Beereus  Saweuws  Senteritis Ecdli K pneumoniae  Paureginosa
Lactobacillus plantarum Bli 1.88 061 + 7 i 5 5 5
Lactabacillus plantarum B2 2.20 0.7s + 5 b i 5 A 9
Lactobacillus plantarum B3 1.90 069 5 b 7 5 5 3
Lactabacillus plavtarum B4 2.21 070 5 b 3 i ] 3
Lactobacillus plantarum BS 2.24 0.0 3 i 7 6 5 7
Lactebacillus plavtarum BO 242 078 + 4 A i 5 A i}
Lactobacillus plantarum B7 2.20 0.as 7 6 9 4 6 9
Lactabacillus plantarum BE 2.60 050 + ] 7 9 9 7 9
Lactobacillus plantarum B9 2.62 083 + 5 3 3 3 6 3
Lactabacillus plavtarwm Bi0 2.57 079 5 7 4 3 ] 3
Lactobacillus plavtarum Bil 2.10 069 + 3 4 9 5 7 il
Lactabacillus plavtarwm Bi2 2.20 077 4 4 3 4 ] 7
Lactobacillus plamtarum Bi3 1.90 065 + 3 4 9 9 5 3
Lactebacillus plavtarum Bid 2.21 058 2z 7 3 3 5 7
Lactobacillus plantarum Bi5 2.57 0.38 5 6 6 9 3 3
Lactabacillus plavtarwm Bi6 2.61 085 + ] 5 7 3 4 3
Lactobacillus plamtarum Bi7 240 0.0 5 5 5 6 3 3
Lactabacillus plavtarwm Bi8 245 0.54 4 5 5 7 A 7
Lactobacillus casei MO 1.80 070 + 6 3 3 5 5 3
Lactobacillus casei MO2 2.05 074 fi 2 5 5 fi 5
Lactobacillus casei MO3 1.10 067 5 3 4 5 6 4
Lactobacillus casei MOF 1.50 069 + 4 4. 5 5 5 3
Lactobacillus casei MOS 2.10 067 9 b 6 5 4 4
Lactobacillus casei MOSG 2.25 068 8 b'e fi 7 2 5
Lactobacillus fermentumn MBI 1.88 0.60 3 3 5 7 3 5
Lactabacillus jermerniumn MB2 1.95 059 + 5 4 4 i 3 5
Lactobacillus fermentum MB3 2.10 061 5 b 9 6 5 5
Lactabacillus jermerniumn MB4 1.90 062 + 5 5 3 5 5 5
Lactobacillus fermentum MBS 2.00 0.60 + 5 3 3 4 5 7
Lactobacillus brevis M1 2.21 07 5 3 8 2 5 3
Lactobacillus brevis M2 2.10 065 3 4 5 3 5 4
Lactobacillus brevis M3 1.50 072 + 4 b'd 4 8 5 5

¥ no inhibition

S1: Lactobacillus brevis ATCC 14869 (P1 ve P2 primers were used)

52: Lactobacillus fermentiim ATCC 14931 (P1 ve P2 primers were used)
53: Lactobacillus casei ATCC 393 (P2 ve P3 primers were used)

S4: Lactobacillus plantarum ATCC 14917 (P2 ve P3 primers were used)

Fig 1: The gel Images of DNA fragments of Control Straing
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Table 3: The inhibition effect (zone radius; cm) of the bacteriocins and the similar substances of strains on test bacteria

B.cereus

S.aureus

S.enteritis

E.coli

K.pneumoniae

P.aureginosa

Lactobacillus plantarum Bl
Lactobacillus plantarum B2
Lactobacillus plantarum B3
Lactobacillus plantarum B4
Lactobacillus plantarum B5
Lactobacillus plantarum B6
Lactobacillus plantarum B7
Lactobacillus plantarum B8
Lactobacillus plantarum B9
Lactobacillus plantarum B10
Lactobacillus plantarum B11
Lactobacillus plantarum B12
Lactobacillus plantarum B13
Lactobacillus plantarum B14
Lactobacillus plantarum B15
Lactobacillus plantarum B16
Lactobacillus plantarum B17
Lactobacillus plantarum B18
Lactobacillus casei MO1
Lactobacillus casei MO2
Lactobacillus casei MO3
Lactobacillus casei MO4
Lactobacillus casei MOS
Lactobacillus casei MO6
Lactobacillus fermentum MBI
Lactobacillus fermentum MB2
Lactobacillus fermentum MB3
Lactobacillus fermentum MB4
Lactobacillus fermentum MB35
Lactobacillus brevis M1
Lactobacillus brevis M2
Lactobacillus brevis M3
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Y: no inhibition

M: Marker

B, ,: Lactobacillus brevis (P1 ve P2 primers were used)
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F\,: Lactobacillus fermentum (P1 ve P2 primers were used)

C.,: Lactobacillus casei (P2 ve P3 primers were used)

P,,: Lactobacillus plantarum (P2 ve P3 primers were used)

Fig. 2: The gel Images of DNA fragments of Isolated Strains
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Table4: The correlation between the hydrogen peroxide and acid

production of strains

Asitlik (1) HO; ()
B cerens -0.184 -0.030
S aurens 0.554#+ 0.408*
S enterit 0.159 0.202
E coli 0.354% 0.435%
K preumon -0.252 -0.204
P auregin 0.599%:* 0.490%*

*P<0.05, **P<0.01

diameters of similar substances is given in Table 3. The
relationships between the hydrogen peroxide and acid
production and mnhibition zones are calculated using SPSS
software and they are given as correlation coefficient in
Table 4. Bunthoim and Doly (1979) have reported that no
plasmid DNA was observed as a result of plasmid
1solation. PCR results revealed that the DNA band sizes
of Lactobacillus brevis ATCC 14869, Lactobacillus
fermentum ATCC 14931, Lactobacillus casei ATCC 393
and Lactobacillus plantarum ATCC 14917 were 1400,
1150, 850 and 500 bp, respectively. The isolated DNA
band sizes of the strains, namely, Lactobacillus brevis,
Lactobacillus  fermentum, Lactobacillus casei
Lactobacillus plantarum were observed to be 1400, 1150,

and

750 and 50 bp respectively. These values were close to
that of the control group (Fig. 1, 2).

DISCUSSION

It 15 kmown that Lactobacillus species are effective on
the maturation of pickles. In the maturation of pickles
through natural micro-flora, L. bejjerinck, L. plantarum,
L. casei, L. brevis, L. buchneri species are known to e
effective [27]. In a study [12], L. plantarum, L. pentasus,
L. fermentum, L. brevis developing in eggplant were
isolated. They have determined that the dominant species
was L. plantarum. In our study, L. plantarum, L. casei,
L. brevis, L. fermentum developing in pickle samples were
1solated and L. plantarum was found to be the dominant
species with the percentage of 56.2%. there was a
difference between this study and that of Susana
et al(2005) m respect of a stram, which could be
attributed to different types of pickles studied in both
research. Bacteria contaming similar plasmids or
IS-elements were commonly isolated from vegetables and
other habitats [28]. Pulido et af.(2005) solated to the
L. plantarum, L. brevis and L. fermentum from fermented
caper and established to the L. plantarum as dominant
bacteria.
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In this study, L. plantarum B8 was found to be the
most acid producing stramn with the percent of 0.90%,
which was similar to the result of the study of
Susana et al. (2000) who found that L. plantarum was
the most acid producing strain. On the other hand,
L. fermentwm was determined to be the least acid
producing species among the others. The acid production
of the 13 L. plantarum strains isolated from sausages
produced using starter cultre was found to range
between 1.7 and 0.7%. In our study, the amount of
hydrogen peroxide was determined between 1,1 ng/ml to
2,62 pg/ml with an average of 2,14 pg/ml.

In their study, Toksoy et al.(1999) found that the
average hydrogen peroxide production of L. plantarum
strains was 2,14 pg/ml[30]. In another study, the hydrogen
peroxide production of strains was determined to be
0.85 pg/ml. However, another study indicated that the
hydrogen peroxide production amount was between
0.59 and 0.65 pg/ml Susana et al. (2000) showed that the
hydrogen peroxide production of L. fermentum was the
highest. Researchers have noted that varying amounts of
hydrogen peroxide production of strains resulted from the
difference in ther oxireductase activities. Table 3 where
the general inhibition zones of the bacteria are shown
shows a relationship between the inhibition zone and acid
levels. It was noted that under the effect bacteriocins and
similar substances, the 6 of L. plantarum strain inhibited
the Bacillus cereus strain, 2 mnhibited the Staphylococcus
anreys strain, 8 inhibited Salmonella enteridis, 7 inhibited
Escherichia coli, 2 inlibited Klebsiella prneumoniae,
3 mhibited Pseudomonas aeuroginosa. As for L. casei,
3 strains inhibited B. cereus, E. coli and S. enteridis and
for L. fermenfum 2 strans inlubited S. enteridis,
K. puneumoniae and E. coli’ and in L. brevis 1 strain
inhibited £. coli,

In our study, 8 strains from L. plantarum:, 2 strains
from L. casel, 2 strains from L. fementim and 1 strain from
L. brevis were used to obtamn hydrogen sulfur. In
his study Toksoy et al (1999) observed that 9 of
L. plantarum strains produced hydrogen sulfur at
different levels. Tt was reported that some species of
Lactobacillus produced hydrogen sulfur at low levels and
under anaerobic conditions mncluding low levels of
carbohydrate. Tt was observed that Lactobacillus species
did not produce hydrogen sulfur i studies which
indicated that hydrogen sulfur production was dependent
on sulfide reductase and disulfohydrease enzyme
activities [31, 32]. Klare et al. (2007) found different to the
against to the different antibiotic of
resources human and

resistances

Lactobacillus from several
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probiotic borne. Accoring to findings, our results showed
similar with literature.

In this study, it was found out that the size of DNA
fragments varied between 1400 bp and 500 bp and the size
of the DNA fragments isolated from Lactobacillus strains
was between 1350 bp and 540 bp. The DNA band size of
the 1solated strains and standard strain was very similar.
In this study, the DNA band size of L. fermentum was
determined to be 1100 bp. Patrict et al. (2003) found the
DNA band size of the L. fermentum isolated from clinical
samples to be 527 bp [34]. In this study, the DNA band
size of L. plantarum was found to be 540 bp. Kim et al.
(2000) found the DNA band size of the 1. plantarum
1solated from Kimchi to be 419 bp [35]. Spano ef al. (2002)
determined the DNA band size of the L. plantarum
1solated from red wine to be 318 bp [36].

Griffa et ol (2000) determined 288 bp DNA fragments
m the L. helveticus strains isolated from cheese [37].
Andrighetto et af. (1998) found 1400 bp DNA fragments
L. delbruckii 1100 bp, L. helveticus ve L. acidophilus
1solated from dairy products [38]. Kimoto ef al.(2004)
determined 600 bp DNA fragments from L. lactic strains
obtamed from plant materials. The DN A fragment sizes of
the strains isolated in this study were similar to those of
Lactobacillus species isolated in similar studies [39].

The findings of this study indicated that it was
appropriate to determine its metabolic properties.
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