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Abstract The aim of this study was to identify probiotic
possibility of lactic acid bacteria (LAB) from mustard leaf
kimchi and investigate synergy effects of combination with
LAB and fructooligosaccharide (FOS) on antimicrobial
activity. Lactobacillus acidophilus GK20, L. paracasei
GK74, and L. plantarum GKS81 have high survival ratio
under gastric and intestinal fluids and were resistant to
ampicillin, streptomycin, or tetracycline. The pH of LAB
gradually decreased but the titratable acidity increased
owing to organic acids production. Especially, L. acidophilus
GK20 and L. paracasei GK74 produced hydrogen
peroxide and bacteriocin. When LAB was co-cultured with
Listeria monocytogenes or Staphylococcus aureus in broth
without FOS, the inhibition ratio of L. monocytogenes and
S. aureus by L. acidophilus GK20 was 36 and 57%, but L.
paracasei GK74 showed higher inhibitory effect against L.
monocytogenes than S. aureus. Meanwhile, the cell growth,
culture pH, titratable acidity, and bacteriocin activity of L.
acidophilus GK20 and L. paracasei GK74 were significantly
(»<0.05) increased in MRS with FOS than without
prebiotic. In conclusion, L. acidophilus GK20 and L.
paracasei GK74 could be potentially used as novel
probiotic strains, moreover, the combination between L.
acidophilus GK20 or L. paracasei GK74 and FOS has
great potential as a synbiotic.
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Introduction

Probiotics, defined as a live microbial feed supplement,
confer a health benefit on the host by improving its
intestinal microbial balance (1). Although still far from
fully understood, balanced colonic microflora, alleviation
of lactose intolerance, and immunostimulation are major
functional effects attributed to the consumption of probiotics
(2). Also, action mechanisms of several probiotics have
been proposed, including prevention of diarrhea and colitis,
suppression of cancer, and cholesterol reduction (3).
Especially, probiotic lactic acid bacteria (LAB) having the
preservative action of starter strains in food and beverage
systems produce antibacterial agents which show wide
inhibitory spectrum against many harmful organism such
as pathogenic Escherichia, Salmonella, Clostridium, and
Helicobacter spp. (4).

It has been known that many LAB produce proteinaceous
antimicrobial agents referred as bacteriocins, which generally
act through inactivation of enzymes, depolarization of the
target cell membrane, or inhibition of cell wall formation
of pathogenic microflora including bacteria, mold, and
yeast (5). Lactic acid is also produced in varying quantities
as metabolic substances by probiotic bacteria, and it is
thought that this may exert their antimicrobial effect by
interfering with the maintenance of cytoplasmic membrane
potential, inhibiting active transport, and hindering a variety
of metabolic functions (6). Moreover, hydrogen peroxide
can be inhibitory to some microorganisms by strong
oxidizing effect on membrane lipids and cell proteins (7).

Meanwhile, prebiotics are nondigestible food ingredients
which selectively stimulate the growth or activities of
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beneficial microbes living in the gut to improve the host’s
intestinal microbial balance (8). Prebiotics must be able to
withstand gastric acidity in the stomach, digestive
processes by mammalian enzymes before they reach the
colon, and absorption in the large intestine (9). They are
obtained by extraction from natural sources (e.g., chicory,
garlic, leek, and yacon) using water or solvent and
enzymatic and chemical synthesis (trans-glycosylation
reaction) from disaccharide substrates such as sucrose or
lactose [e.g., fructooligosaccharides (FOS) and galacto-
oligosaccharides (GOS)] (10).

These compounds play a role not only by facilitating
host metabolism and mineral (Ca, Fe, and Mg) absorption,
but also in stimulating immune system by IgA production
and cytokine modulation and enhancing host defenses (11).
In addition, recent studies suggest that oligosaccharides
serve as substrate for proliferation of LAB and bifidobacteria
and inhibit the growth of colonic cancer cells and
putrefactive or pathogenic bacteria present in the colon
through the production of short chain fatty acids (SCFA).
The action mechanisms of these also include strengthening
of the gut mucosal barrier, gut microflora modification,
prevention of pathogen proliferation and adherence to
intestinal mucosa, and transformation of bacterial enzyme
activity (12).

Criteria for the preferable probiotic strains included acid
and bile tolerance, antibiotics resistance, and antagonistic
activity against pathogens. Based on this concept, the aim
of the present study was to identify probiotic possibility of
LAB from mustard leaf kimchi exhibiting resistance to
reactive oxygen species and antioxidant activities (13) and
to investigate synergy effects of combination with LAB
identified as probiotic strain and prebiotic FOS on
antimicrobial activity.

Materials and Methods

LAB and foodborne pathogenic bacteria -culture
conditions Lactic acid bacteria (LAB) such as
Lactobacillus acidophilus GK20, L. brevis GKS5, L.
paracasei GK74, L. plantarum GK81, and Leuconostoc
mesenteroides GK104 having antioxidant activities were
isolated from the mustard leaf kimchi (13). The kimchi was
prepared as follows; seasoning (red pepper powder, salted
anchovy, minced garlic, ginger, and onion, and wheat flour
paste) was added to mustard leaf dipped in 15%(w/v) brine
for 4 h and then it was fermented at 4°C after keeping at
room temperature for 12 h. These strains were incubated
aerobically onto fresh Lactobacilli MRS broth (BD, Spark,
MD, USA) for 48 h at 37°C and stored at —80°C in 40%
glycerol. Besides, foodborne pathogenic bacteria (Listeria
monocytogenes KCTC 3569 and Staphylococcus aureus
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ATCC 6538) used to examine antimicrobial activity were
obtained from American Type Culture Collection (ATCC)
and Korean Collection for Type Cultures (KCTC) and
propagated in brain heart infusion (BHI, BD) at 37°C for
24 h under aerobic condition.

Simulated gastric and intestinal fluids tolerance The
method to evaluate the acid-bile tolerance of test strains
was according to Grimoud er al. (14) with some
modifications. LAB cells (approximately 10° CFU/mL)
grown up to log phase in MRS broth at 37°C for 24 h were
harvested by centrifugation at 7,000xg for 10 min, washed
twice in stile phosphate buffer solution (PBS, pH 7.2),
inoculated in simulated gastric juice [NaCl 125 mM, KCI
7 mM, NaHCOs 45 mM, pepsin (Sigma-Aldrich, St. Louis,
MO, USA) 1 mg/mL] at al final pH adjusted to 2.0, and
maintained at 37°C for 2 h. After acid preincubation cells
were centrifuged (7,000xg for 10 min), resuspended in
simulated intestinal fluid (pancreatine 1 mg/mL and bovine
bile 0.5%,w/v) at a final pH adjusted to 8.0, and maintained
at 37°C for 3 h. And then the sample was removed from
the tubes and subjected to serial dilutions in PBS (pH 7.0),
and cell viability was assayed by pour plate method. The %
of bacterial survival was calculated as follows: (CFU ,y/
CFUcontro1)x100, where CFU,,y, represented CFU after
incubation in simulated gastric and intestinal fluids and
CFU_ oot described CFU after incubation in PBS as a
control. Separate experiments were conducted in triplicate.

Resistance to antibiotics Antibiotic resistance of LAB
was performed using the paper disc method (15). One-
hundred mL of MRS broth were inoculated with 1 mL of
an active culture of each LAB, which were incubated at
37°C for 24 h aerobically. Semisolid agar (0.8%), containing
approximately 10° CFU/mL of LAB centrifuged at
7,000xg for 10 min and washed twice with PBS was
overlaid on agar plates. After the medium solidified,
antibiotic disks [ampicillin 25 pg, erythromycin 15 pg,
kanamycin 30 pg, penicillin G 10 units, streptomycin 10
pg, tetracycline 30 pg, and vancomycin 30 pg (Oxoid,
Basingstoke, Hampshire, England)] were immediately
placed on the agar, and then agar plates with antibiotic
disks were incubated at 37°C for 24 h. The diameter of the
inhibition zone surrounding the wells was measured and
scored as follows; as the diameter of the well is 8 mm, 8
mm equals no inhibition (-), diameter between 9 and 13
mm (weak, +), diameter between 13 and 18 mm (good,
++), and diameter larger than 18 mm (strong, +++). All
experiments were performed in 3 independent experiments.

Determination of pH and titratable acidity LAB were

cultivated at 37°C for 24h under aerobic condition.
Samples were taken at regular intervals during growth to
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determine the LAB culture pH, which was measured by a
pH meter (Hanna Instruments, Sarmeola di Rubano, PD,
Italy). In addition, titratable acidity was determined during
incubation period as described by Mante et al. (16) with
some modifications. Briefly, for determination of titratable
acidity, LAB culture (10 mL) was made up to 250 mL by
addition of distilled water. Diluted sample (100 mL) was
filtered and titrated with 0.1 N NaOH using 0.1%
phenolphthalein as indicator. The titratable acidity value
(%) was done in triplicate and calculated as follows: (0.009
x0.1N NaOH consumption x 0.1 N NaOH factor x
dilution rate)/weight of sample x 100.

Detection of hydrogen peroxide production The
screening of hydrogen peroxide production used was
described previously by Otero and Nader-Macias (17), and
studied by culturing microorganisms in 3,3'5,5"-tetramethyl-
benzidine (TMB)-MRS agar plates. LAB were cultured on
MRS agar containing 1 mM TMB and 2 U/mL peroxidase
(Sigma-Aldrich) under anaerobic conditions at 37°C.
According to the color intensity after 48 h of incubation,
hydrogen peroxide-producing colonies turned blue (strong,
+++), brown (medium, ++), light brown (weak, +), or
white (negative, -) in 20 min under exposure to air.

Preparation of bacteriocin and activity assay
Preparation of LAB bacteriocin was performed as
previously described (15). In detail, strains for testing were
cultured in MRS broth at 37°C for 24 h and the supernatant
was collected from LAB cell culture by centrifugation at
7,000xg for 20 min, adjusted to pH 7.0 with 1 N NaOH,
salted out with ammonium sulfate (60%,w/v) during
overnight at 4°C, desalted by cellulose dialysis membrane
(Spectrum Labs., Gardena, CA, USA), and filter-sterilized
through a syringe filter with a pore size of 0.45-um
membrane filter (Millipore Corp., Billerica, MA, USA) to
prepare bacteriocin solution. And then the possible
inhibitory action of hydrogen peroxide was eliminated by
the addition of catalase (1 mg/mL) at 25°C for 30 min. The
proteinaceous nature of the solution was evaluated by
treating this extract with a 1 mg/mL final concentration of
the pepsin, trypsin, lipase, and a-amylase (Sigma-Aldrich).
Any residual antimicrobial activity was determined by the
agar well diffusion method. The L. monocytogenes KCTC
3569 or S. aureus ATCC 6538 (approximately 10° CFU/
mL) cultured in BHI broth for 24 h at 37°C was inoculated
into 20 mL of semisolid BHI agar (BHI broth plus 0.8%
agar) and after solidification of the medium, diameter wells
(8 mm) were punched in the agar. And then 50 pul. of
serially diluted bacteriocin solution were filled into the
each well separately and the plates were incubated
overnight at 37°C for 24 h under aerobic conditions.
Bacteriocin activity was expressed as arbitray unit (AU/
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mL) which was calculated by multiplying 20 with the
reciprocal of the greatest inhibitory dilution fold showing a
clear inhibition zone against the indicator strain. All results
are means of triplicate experiments.

Effects of FOS on the cell growth and antibacterial
activity of LAB To investigate combined effects of
probiotic strain and prebiotic FOS on the cell growth and
antibacterial activity of LAB against the pathogenic
bacteria, first of all, the FOS (Sigma-Aldrich) were added
to a final concentration of 0, 0.5, and 1.0% in MRS broth,
and then LAB (10° CFU/mL) were inoculated and incubated
in an aerobic condition at 37°C. During incubation time, a
1 mL LAB sample removed from each culture was serially
diluted in sterile 0.1% PBS and plated on MRS agar by
pour plate method as described above. Also, culture of
LAB (10° CFU/mL) was carried out in MRS broth added
FOS (0, 1, and 2%), and then the cells (10° CFU/mL) of S.
aureus or L. monocytogenes harvested and washed with
PBS were inoculated in the medium and incubated at 37°C
for 24 h. From the culture harvested at specified time, the
viable cell counts of pathogen were examined using selective
medium [mannitol salt egg yolk agar (BD) for S. aureus
and Oxford agar (BD) for L. monocytogenes]. Inhibition
(%) of pathogen was calculated as follows: [(CFU_ o~
CFU g5ay)/CFU ool ] ¥ 100. Besides, to examine effects of
FOS on metabolic products of LAB during incubation, the
culture pH and titratable acidity were measured, and
bacteriocin activity was determined by the agar well
diffusion assay using L. monocytogenes KCTC 3569 and S.
aureus ATCC 6538 as indicator strain as described
previously.

Data and statistical analysis The results of the experiment
were presented as means+tstandard deviation (SD) (n=3)
and analyzed with SPSS version 12.0 (SPSS Inc., Chicago,
IL, USA). One-way analysis of variance (ANOVA) was
applied to analyze whether significant variation existed
between the treatments using the Duncan’s multiple range
test at probability values of p<0.05.

Results and Discussion

Simulated gastric and intestinal fluids tolerance Five
strains of L. acidophilus GK20, L. brevis GKS55, L.
paracasei GK74, L. plantarum GK81, and L. mesenteroides
GK104 isolated from the mustard leaf kimchi were
investigated for simulated gastric and intestinal fluid
tolerance (Table 1). Among test strains, L. acidophilus
GK20, L. brevis GKS55, L. paracasei GK74, and L.
plantarum GKS8]1 revealed a significantly high viability in
artificial gastric juice (pH 2.0) by maintaining viable cell
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Table 1. Viable cell counts and survival ratio of LAB isolated from the mustard leaf kimchi after preincubation under simulated

gastric and intestinal fluids

Viable cell counts” (CFU/mL)

Strain

Survival ratio (%)

Gastric juice Intestinal fluid
L. acidophilus GK20 7.87+0.16x107 8.62+0.59x107 43.10+£2.95
L. brevis GK55 6.91£0.56x107 4.83+0.44x10* 0
L. paracasei GK74 8.070.20x107 7.97£0.33x107 39.86+1.64
L. plantarum GK81 7.61£0.48x107 6.58+0.17x107 32.90+0.85
L. mesenteroides GK104 5.14+0.34x10° 6.19£0.22x10° 0

UInitial LAB cells (2.0x10® CFU/mL) were incubated in simulated gastric juice at 37°C for 2 h, and then maintained in simulated intestinal fluid at

37°C for 3 h.

Table 2. Antibiotic susceptibility profiles of LAB isolated from the mustard leaf kimchi

Inhibition zone? (mm)

Antibiotics (concentration) L. acidophilus L. brevis L. paracasei L. plantarum L. mesenteroides
GK20 GKS5 GK74 GK&81 GK104
Ampicillin (25 pg) - ++ + _ _
Erythromycin (15 pg) + ++ + ++ 4+
Kanamycin (30 pg) - - - _ 4
Penicillin G (10 units) - + - + Tt
Streptomycin (10 pg) - =+ + ) 4
Tetracycline (30 pg) ++ + - . 4
Vancomycin (30 pg) + ++ + + T

DAntibiotic susceptibility of LAB was performed using the paper disc method; Diameter of the inhibition zone surrounding the wells was
scored as follows; (-), 8 mm; (+), 9-13 mm; (++), 13-18 mm; (+++), >18 mm.

counts of above 7 log scale, whereas L. mensenteroides
GK104 showed acid susceptibility under the same
condition. Especially, many cells of L. acidophilus GK20,
L. paracasei GK74, and L. plantarum GK81 survived in
artificial bile after incubation for 2 h in gastric fluid, which
have comparatively high survival ratio under simulated
gastric and intestinal fluids.

These results are in concordance with the previously
reported some studies. Ha et al. (18) reported that L.
planatrum CK102 survived at a level of 1.36x10% CFU/mL
in pH 2.0 buffer for 6 h and showed exhibited excellent
bile tolerance. Mechanisms underlying acid resistance of
LAB include not only homeostasis of intracellular pH by
the FFy-ATPase proton pump but also alkalization of the
external environment with amino acid decarboxylation and
changes in the cell membrane and density (19). Although
bile salts can enter the cell by directly traversing the outer
membrane or by passage through porins such as OmpF,
efflux system of some strains that have ability removing
bile salts before significant damage occurs are responsible
for resistance to bile salts (20). Therefore, these results
indicated that the tolerance of LAB in simulated gastric
and intestinal fluids is strongly LAB-dependent and
suggested that L. acidophilus GK20, L. paracasei GK74,
and L. plantarum GK81 could successfully transit the
human stomach and may be capable of reaching the
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gastrointestinal tracts and expressing their probiotic
functions.

Resistance to antibiotics The susceptibility to antibiotics
of 5 LAB tested was summarized in Table 2. Among LAB
having relatively high tolerance under simulated gastric
and intestinal fluids, L. acidophilus GK20, L. paracasei
GK74, and L. plantarum GK81 was highly resistant to
ampicillin, kanamycin, penicillin G streptomycin, or
tetracycline. However, L. brevis GK55 and L. mensenteroides
GK104 showed higher sensitivity to various antibiotics. It
has been known that probiotics have a resistance to various
antibiotics. Zhou et al. (21) showed that L. acidophilus and
L. plantarum were susceptible to P-lactam antibiotics
(penicillin, ampicillin, and cephalothin), Gram-positive
spectrum antibiotics (erythromycin and novobiocin), and
broad-spectrum antibiotics (chloramphenicol, rifampin,
spectinomycin, and tetracycline). However, these results
differ from those of Ruoff et al. (22) who reported that
some LAB including strains of L. plantarum and Leuconostoc
spp. were resistant to vancomycin, one of the last
antibiotics broadly efficacious against clinical infections
caused by multidrug-resistant pathogens. Action mechanisms
of the several bactericidal antibiotics are known to inhibit
macromolecular consolidation and the important enzymes
for cell wall synthesis, to activate murein hydrolases,
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Table 3. Profiles of the culture pH, titratable acidity, and antimicrobial substances production of LAB isolated from the mustard

leaf kimchi during incubation

LAB" Incubation time (h) pH

Bacterocin activity

Titratable acidity =~ Hydrogen peroxide

(AU/mL)

6 5.97+0.09 0.39+0.11 ND?
L. acidophilus GK20 12 434%0.16 0.67+0.14 HH 30
24 3.59+0.15 0.95+0.10 640
6 6.02+0.07 0.14+0.05 ND
L. brevis GK55 12 5.06+0.18 0.310.07 - ND
24 4.58+0.06 0.65+0.12 ND
6 5.26+0.08 0.48+0.12 ND
L. paracasei GK74 12 4.51+0.14 0.63+0.04 ++ 40

24 3.60+0.10 1.12+0.06 2,560
6 5.19+0.09 0.43+0.13 ND
L. plantarum GK81 12 4.41%0.08 0.77+0.07 + ND
24 3.51£0.20 0.99+0.16 ND
_ 6 5.89+0.18 0.20+0.09 ND
élg’fgf’q’em’des 12 4.98+0.22 0.36+0.05 - ND
24 4.62+0.17 0.69+0.11 ND

DInitial pH of MRS broth inoculated LAB before incubation was approximately 6.81+0.05.

INot detected

which active in bacterial cell wall degradation, and to block
cell division and growth (23). However, resistance
mechanism to antibiotics of intrinsically avirulent organisms
such as lactobacilli or enterococci is manifested by changes
in antibiotic permeability, alteration of target molecules,
enzymatic degradation of the antibiotics, and efflux of
antimicrobials from the cytosol, thus these strains are
protected from the toxic effects of antibiotics (24).

Changes of the culture pH, titratable acidity, and
antimicrobial substances production of the LAB during
incubation The changes of the pH values, titratable
acidity, and production of antimicrobial substances such as
hydrogen peroxide and bacteriocin in MRS broth during
incubation at 37°C for 24 h are shown in Table 3. The
initial pH of MRS broth inoculated LAB before incubation
was approximately 6.81+0.05, and then the culture pH
gradually decreased during incubation owing to organic
acids production. After incubation for 24 h, titratable
acidity produced from LAB was 0.95% (L. acidophilus
GK20), 0.65% (L. brevis GKSS5), 1.12% (L. paracasei
GK74), 0.99% (L. plantarum GK81), and 0.69% (L.
mesenteroides GK104), respectively. In addition, L.
acidophilus GK20, L. paracasei GK74, and L. plantarum
G81 produced hydrogen peroxide having antimicrobial
effects, i.e., L. acidophilus GK20 and L. paracasei GK74
were hydrogen peroxide-hyperproducing and L. plantarum
GK&81 was less efficient, whereas, L. brevis GK55 and L.
mesenteroides GK104 did not produce any hydrogen
peroxide. Particularly, bacteriocin, which specific inhibitory

@ Springer

activity against closely related species and foodborne
pathogens was produced by L. acidophilus GK20 and L.
paracasei GK74, but not shown by L. brevis GKS55, L.
plantarum GK81, and L. mesenteroides GK104. The
supernatant of 2 strains did have an effect on their
inhibitory activity against the indicator organisms despite
the addition of pepsin, lipase, and a-amylase, however, the
bacteriocin activity of L. paracasei GK74 was disappeared
by trypsin (data not shown). L. acidophilus GK20
produced highest bacteriocin levels (640 AU/mL) against
L. monocytogenes KCTC 3569 after incubation for 24 h at
37°C, but its activity was decreased to half after 36 h of
incubation (data not shown). And the bacteriocin activity
of L. paracasei GK74 was first detected to 40 AU/mL after
incubation for 12 h, arrived at maximum activity (2,560
AU/mL) after 24 h, and drastically decreased due to cell
lysis by autolysin afterward.

Xanthopoulos et al. (25) indicated that L. paracasei ssp.
paracasei and L. acidophilus strains isolated from infant
faeces had weak antibacterial activity on Gram-negative
bacteria such as E. coli ATCC 25922 and Yersinia
enterocolitica ATCC 1501, which differs somewhat from
these results in this study. In other words, the bacteriocin
produced from L. acidophilus GK20 and L. paracasei
GK&81 presented a high inhibitory effect against Gram-
positive bacteria, whereas was unable to inhibit Gram-
negative bacteria such as E. coli, Salmonella Typhimurium,
and Vibrio parahaemolyticus (data not shown), therefore,
the antagonistic activity and spectrum of 2 strains was
strain-dependent. This findings is consistent with the

o” KOSFOST



1394

Lim et al.

12 100

(A)

Viable cell counts (log CFUImL)

Incubation time (h)

(B)

Inhibition ratio (%)

4l aaa

0 5 10 18 20 2%

Incubation time (h)

Fig. 1. Effects of FOS on the cell growth and antagonistic activity of L. acidophilus GK20 against pathogenic bacteria in co-
culture with L. monocytogenes KCTC 3569 (A) or S. aureus ATCC 6538 (B). Line graph: viable cell counts of L. acidophilus GK20
in MRS broth containing FOS (-@- 0%, -O- 1%, - ¥- 2%) at 37°C for 24 h; bar graph: inhibition ratio of pathogen when mixed culture
with L. acidophilus GK20 (10° CFU/mL) and pathogenic bacteria (10> CFU/mL) in medium containing FOS (- ll- 0%, -[J- 0.5%, - E3-
1%). Different letters in the same incubation time are significantly different estimated by Duncan’s multiple range test at p<0.05.
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Fig. 2. Effects of FOS on the cell growth and antagonistic activity of L. paracasei GK74 against pathogenic bacteria in co-culture
with L. monocytogenes KCTC 3569 (A) or S. aureus ATCC 6538 (B). Line graph: viable cell counts of L. paracasei GK74 in MRS
broth containing FOS (-@- 0%, -O- 1%, -¥- 2%) at 37°C for 24 h; bar graph: inhibition ratio of pathogen when mixed culture with L.
paracasei GK74 (10° CFU/mL) and pathogenic bacteria (10° CFU/mL) in medium containing FOS (- M- 0%, -[J- 0.5%, -E3- 1%).

Different letters in the same incubation time are significantly different estimated by Duncan’s multiple range test at p<0.05.

results of Pinto et al. (26) that the inhibitory activity of L.
plantarum from traditional African fermented milk
products, as well as human intestinal isolates was not due
to the production of a heat-stable bacteriocin, but observed
could be explained by the production of organic acids and
hydrogen peroxide. However, L. plantarum ST8KF
isolated from kefir, produced a 3.5 kDa bacteriocin active
against lactobacilli and L. innocua (27).

Effects of FOS on the cell growth and antagonistic

activity of the LAB On the basis of these results, L.
acidophilus GK20 and L. paracasei GK74 having
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possibility as probiotic strains were selected for evaluation
effects of FOS on the cell growth and antimicrobial activity
of LAB. Effects of FOS on the cell growth in MRS broth
inoculated with each of the L. acidophilus GK20 and L.
paracasei GK74 during incubation and antagonistic
activity by LAB in co-culture with L. monocytogenes
KCTC 3569 or S. aureus ATCC 6538 are shown in Fig. 1
and 2. When L. acidophilus GK20 was co-cultured with L.
monocytogenes KCTC 3569 or S. aureus ATCC 6538 in
MRS broth without FOS, the number of L. acidophilus
GK20 gradually increased throughout incubation and
showed viable cell counts of above 108 CFU/mL after 24 h,
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and the inhibition ratios of L. monocytogenes and S. aureus
by mixed culture were 36 and 57% due to the antimicrobial
substance of LAB, respectively. As the number of L.
acidophilus GK20 increased during incubation, the
inhibition ratio against foodborne pathogen was proportionally
increased. And the cell growth and antimicrobial activity of
L. paracasei GK74 in the same incubation condition was
similar to those of L. acidophilus GK20, but L. paracasei
GK74 showed higher inhibitory effect against L.
monocytogenes than S. aureus. Meanwhile, the cell growth
of L. acidophilus GK20 and L. paracasei GK74 were
sharply increased by addition of FOS in MRS broth after
24 h incubation. Namely, in MRS broth with 1.0% FOS,
the viable cell counts of L. acidophilus GK20 and L.
paracasei GK74 were higher about 1 log scale than in
medium without FOS. And after 24 h in medium containing
1.0% FOS, the inhibitory activities of L. acidophilus GK20
against L. monocytogenes and S. aureus were 51 and 73%,
respectively, and those of L. paracasei GK74 were
detected to 83 and 57%. The inhibitory activities of 2
strains were significantly (p<0.05) increased in broth with
FOS than in medium without prebiotic, furthermore,
effects of FOS on antagonistic activity of LAB were dose-
dependent manner.

Some studies have reported that the addition of prebiotic
lactulose in skim milk significantly stimulated the counts
of probiotic bifidobacteria (28), and GOS increased the
growth parameters (turbidity and generation time) of the
bifidobacteria and lactobacilli (14). And FOS and GOS
promoted the growth of the beneficial strains but not of
pathogenic microorganisms (29). A previous study proved
that the inhibitory effect against pathogenic bacteria is
usually considered to be achieved by reduction in pH
results from acid production, secretion of hydrogen peroxide,
and release of natural antibiotics (bacteriocin) from
beneficial microflora selectively stimulated by various
prebiotics (30). Rousseau et al. (29) suggested that the
growth of vaginal lactobacilli in the absence of carbon
sources was very low, but the strains were able to grow on
FOS as indicated by the turbidity, pH, generation time, and
lactate levels obtained after 48 h incubation. Consequently,
the endogenous human vaginal lactobacilli strains and
oligosaccharides are good candidate for incorporation in a
formula to prevent vaginal infections.

Effects of FOS on the culture pH, titratable acidity, and
bacteriocin production of the LAB To investigate the
influence of FOS on the culture pH, titratable acidity, and
bacteriocin production of L. acidophilus GK20 and L.
paracasei GK74, the selected 2 strains were conducted in
MRS broth supplemented with FOS. As shown in Table 4,
after 24 h incubation in medium without FOS, the culture
pHs of L. acidophilus GK20 and L. paracasei GK74 were
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3.614+0.12 and 3.544+0.07, respectively. And the titratable
acidity was higher L. paracasei GK74 (1.14£0.06) than L.
acidophilus GK20 (0.99+0.09). The culture pH and
titratable acidity of 2 strains were significantly (p<0.05)
stimulated by the addition of FOS at 0.5 and 1.0%. Further,
the bacteriocin activity of L. acidophilus GK20 against L.
monocytogenes was first recorded after incubation at 37°C
for 12 h in the absence of FOS, and it maximally increased
to 640 AU/mL after 24 h. And that of the strain against S.
aureus was escalated as incubation time goes by and their
maximum activity was 1,280 AU/mL after 24 h incubation.
Meanwhile, the bacteriocin activity (2,560 AU/mL) of L.
paracasei GK74 against L. monocytogenes was maximal at
24 h incubation, but the activity (640 AU/mL) of the strain
against S.aureus showed lower level than against Listeria.
FOS enhanced the bacteriocin activity of L. acidophilus
GK20 and L. paracasei GK74, i.e., the bacteriocin activity
against pathogenic bacteria was increased more than 2
times in medium supplemented with FOS than the control.
In particular, the maximum bacteriocin levels of L.
acidophilus GK20 and L. paracasei GK74 against L.
monocytogenes were 1,280 and 2,560 AU/mL in the
presence of 1.0% FOS after 21 h incubation, respectively,
but their activity was rapidly decreased owing to degradation
by specific proteolytic enzymes thereafter.

Cebeci and Gurakan (31) indicated that potential
probiotic L. plantarum strains have the ability to decrease
pH of the medium as a result of acidic end products of FOS
fermentation. The results are in agreement with the reports
of Ignatova et al. (32), which showed that the added
oligosaccharides induced LAB to form end-products of a
typical mixed acid fermentation. Audisio et al. (33)
reported that E. faecium CRL1385 isolated from the crop
grew well in the presence of FOS, but its ability to produce
bacteriocin, active against poultry pathogens such as
Enterococcus  hirae, Salmonella pullorum, and L.
monocytogenes was not significantly modified. Chen et al.
(34) suggested that the highest cell number and bacteriocin
production of L. lactis ssp. lactis C101910 and
Lactococcus sp. GMO005 were observed with FOS or
trehalose.

In conclusion, based on these results, because L.
acidophilus GK20 and L. paracasei GK74 isolated from
mustard leaf kimchi have the antioxidant activity (13),
tolerance in the human gastric and intestinal tract, resistance
against various antibiotics, and antimicrobial activity
against foodborne pathogenic bacteria, these strains could
be potentially used as novel probiotic strains. Moreover,
since FOS stimulated the proliferation and metabolites
production of the probiotic lactobacilli, which had a
synergistic effect on enhancing the antagonistic activity
against pathogenic bacteria in the presence of FOS, the
combination between L. acidophilus GK20 or L. paracasei
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GK74 and FOS has great potential as a synbiotic that can
be utilized in the manufacturing of fermentation foods and
dietary or medical supplements. Though these results
showed the properties of probiotics combined with
prebiotic FOS in vitro, in the future we will study on
synbiotic characteristics using in vivo models to further
evaluate for their technological aptitudes.

References

14.

15.

. Fuller R. Probiotics in man and animals. J. Appl. Bacteriol. 66: 365-

378 (1989)

. Walker WA, Dufty LD. Diet and bacterial colonization: Role of

probiotics and prebiotics. J. Nutr. Biochem. 9: 668-675 (1998)

. Fooks LJ, Fuller R, Gibson GR. Prebiotics, probiotics, and human

gut microbiology. Int. Dairy J. 9: 53-61 (1999)

. Cadieux PA, Burton J, Devillard E, Reid G. Lactobacillus by-

products inhibit the growth and virulence of uropathogenic
Escherichia coli. J. Physiol. Pharmacol. 6: 13-18 (2009)

. Abee T, Krockel L, Hill C. Bacteriocins: Modes of action and

potentials in food preservation and control of food poisoning. Int. J.
Food Microbiol. 28: 169-185 (1995)

. Ross RP, Morgan S, Hill C. Preservation and fermentation: Past,

present, and future. Int. J. Food Microbiol. 79: 3-16 (2002)

. Lindgren SE, Dobrogosz WJ. Antagonistic activities of lactic acid

bacteria in food and feed fermentations. FEMS Microbiol. Rev. 87:
149-163 (1990)

. Gibson GR, Roberfroid MB. Dietary modulation of the human

colonic microbiota: Introducing the concept of prebiotics. J. Nutr.
125: 1404-1412 (1995)

. Wang Y. Prebiotics: Present and future in food science and

technology. Food Res. Int. 42: 8-12 (2009)

. Mussatto SI, Mancilha IM. Non-digestible oligosaccharides: A

review. Carbohyd. Polym. 68: 587-597 (2007)

. Lomax AR, Calder PC. Prebiotics, immune function, infection, and

inflammation: A review of the evidence. Brit. J. Nutr. 101: 633-658
(2009)

. Saulnier DMA, Spinler JK, Gibson GR, Versalovic J. Mechanisms

of probiosis and prebiosis: Considerations for enhanced functional
foods. Curr. Opin. Biotech. 20: 135-141 (2009)

. Lim SM. Resistance to reactive oxygen species and antioxidant

activities of some strains of lactic acid bacteria from the mustard
leaf kimchi. Korean J. Microbiol. 46: 375-382 (2010)

Grimoud J, Durand H, Courtin C, Monsan P, Ouarne F, Theodorou
V, Roques C. In vitro screening of probiotic lactic acid bacteria and
prebiotic  glucooligosaccharides to select effective synbiotics.
Anaerobe 16: 493-500 (2010)

Lim SM, Park MY, Chang DS. Characterization of bacteirocin
produced by Enterococcus faecium MJ-14 isolated from meju. Food
Sci. Biotechnol. 14: 49-57 (2005)

. Mante Es, Sakyi-Dawson E, Amoa-Awua WK. Antimicroibal

interactions of microbial species involved in the fermentation of
cassava dough into agbelima with particular reference to the
inhibitory effect of lactic acid bacteria on enteric pathogens. Int. J.

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Food Microbiol. 89: 41-50 (2003)

Otero MC, Nader-Macias ME. Inhibition of Staphylococcus aureus
by HyOp-producing Lactobacillus gasseri isolated from the vaginal
tract of cattle. Anim. Reprod. Sci. 96: 35-46 (2006)

Ha CG, Cho JK, Chai YG, Heo KC. Isolation and identification of
lactic bacteria containing superior activity of the bile salts
deconjugation. Korean J. Food Sci. An. 24: 164-170 (2004)

Wu R, Zhang W, Sun T, Wu J, Yue X, Meng H, Zhang H.
Proteomic analysis of responses of a new probiotic bacterium
Lactobacillus casei Zhang to low acid stress. Int. J. Food Microbiol.
147: 181-187 (2011)

Gunn JS. Mechanisms of bacterial resistance and response to bile.
Microbes Infect. 2: 907-913 (2000)

Zhou JS, Pillidge CJ, Gopal PK, Gill HS. Antibiotic susceptibility
profiles of new probiotic Lactobacillus and Bifidobacterium strains.
Int. J. Food Microbiol. 98: 211-217 (2005)

Ruoff KL, Kuritzkes DR, Wolfson JS, Ferraro MJ. Vancomycin-
resistant Gram-positive bacteria isolated from human sources. J.
Clin. Microbiol. 26: 2064-2068 (1988)

Brazas MD, Hancock REW. Using microarray gene signatures to
elucidate mechanisms of antibiotics action and resistance. Drug
Discov. Today 10: 1245-1252 (2005)

Wright GD. Mechanisms of resistance to antibiotics. Curr. Opin.
Chem. Biol. 7: 563-569 (2003)

Xanthopoulos 'V, Litopoulou-Tzanetaki E, Tzanetakis N.
Characterization of Lactobacillus isolates from infant faeces as
dietary adjuncts. Food Microbiol. 17: 205-215 (2000)

Pinto MGV, Franz CM, Schillinger U, Holzapfel WH. Lactobacillus
spp. with in vitro probiotic properties from human faeces and
traditional fermented products. Int. J. Food Microbiol. 109: 205-214
(2006)

Powell JE, Witthuhn RC, Todorov SD, Dicks LMT.
Characterization of bacteriocin STSKF produced by a kefir isolate
Lactobacillus plantarum ST8KEF. Int. Dairy J. 17: 190-198 (2007)
Souza Oliveira RP, Florence ACR, Perego P, Oliveira MN, Converti
A. Use of lactulose as prebiotic and its influence on the growth,
acidification profile, and viable counts of different probiotics in
fermented skim milk. Int. J. Food Microbiol. 145: 22-27 (2011)
Rousseau V, Lepargneur JP, Roques C, Remaud-Simeon M, Paul F.
Prebiotic effects of oligosaccharides on selected virginal lactobacilli
and pathogenic microorganisms. Clin. Microbiol. 11: 145-153
(2005)

Manning TS, Gibson GR. Prebiotics. Best Pract. Res. Cl. Ga. 18:
287-298 (2004)

Cebeci A, Gurakan C. Properties of potential probiotic Lactobacillus
plantarum strains. Food Microbiol. 20: 511-518 (2003)

Ignatova T, Lliev I, Kirilov N, Vassileva T, Dalgalarrondo M,
Haertle T, Chobert JM, Ivanova 1. Effect of oligosaccharides on the
growth of Lactobacillus delbrueckii subsp. bulgaricus strains
isolated from dairy products. J. Agr. Food Chem. 57: 9496-9502
(2009)

Audisio MC, Oliver G, Apella MC. Effect of different complex
carbon sources on growth and bacteriocin synthesis of Enterococcus

Jaecium. Int. J. Food Microbiol. 63: 235-241 (2001)

Chen YS, Srionnual S, Onda T, Yanagida F. Effects of prebiotic
oligosaccharides and trehalose on growth and production of
bacteriocins by lactic acid bacteria. Lett. Appl. Microbiol. 45: 190-
193 (2007)

o KOSFOST




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Standard v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Japan Prepress Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


