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Abstract

The present study was conducted to screen candidate probiotic strains for anti-inflammatory activity. Initially, a nitric oxide
(NO) assay was used to test selected candidate probiotic strains for anti-inflammatory activity in cultures of the murine mac-
rophage cell line, RAW 264.7. Then, the in vitro probiotic properties of the strains, including bile tolerance, acid resistance,
and growth in skim milk media, were investigated. We also performed an in vitro hydrophobicity test and an intestinal adhe-
sion assay using Caenorhabditis elegans as a surrogate in vivo model. From our screening, we obtained 4 probiotic candi-
date lactic acid bacteria (LAB) strains based on their anti-inflammatory activity in lipopolysaccharide (LPS)-stimulated RAW
264.7 cell cultures and the results of the in vitro and in vivo probiotic property assessments. Molecular characterization using
16S rDNA sequencing analysis identified the 4 LAB strains as Lactobacillus plantarum. The selected L. plantarum strains
(CAU1054, CAU1055, CAU1064, and CAU1106) were found to possess desirable in vitro and in vivo probiotic properties,
and these strains are good candidates for further investigations in animal models and human clinical studies to elucidate the

mechanisms underlying their anti-inflammatory activities.
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Introduction

Lactic acid bacteria (LAB) are gram-positive organisms
that are found throughout nature, in vegetables, meats,
dairy products, and many parts of human body, including
the gastrointestinal (GI) tract. Probiotics can be defined
as “live microbial food ingredients that, when adminis-
tered in adequate amounts, confer a health benefit on a
host” (FAO/WHO, 2001). These beneficial effects include
amelioration of lactose intolerance, anti-mutagenic and
anti-carcinogenic activities, reduction of serum choles-
terol, modulation of immune responses, and anti-inflam-
matory activities (Maldonado et al., 2007; Mishra and
Prasad, 2005). The genera most commonly used in probi-
otic applications are Lactobacillus, Pediococcus, Weis-

*Corresponding author: Geun-Bae Kim, Department of Animal
Science and Technology, Chung-Ang University, Anseong 456-
756, Korea. Tel: +82-31-670-3027, Fax: +82-31-676-5986, E-
mail: kimgeun@cau.ac.kr

91

sella, Streptococcus, and Bifidobacterium.

Macrophages are tissue-based phagocytes derived from
monocytes that play a central role in the initiation of first
line immune defense (Chon er al., 2009). Lipopolysac-
charide (LPS) of gram-negative bacteria and lipoteichoic
acid (LTA) of gram-positive bacteria can induce mac-
rophage activation. Activated macrophages induce im-
mune responses. Nitric oxide (NO) is generated via oxi-
dation of L-arginine to L-citrulline by NO synthase (NOS)
(Lee et al., 2010). During an inflammatory response, acti-
vated macrophages secrete large amounts of NO via in-
ducible NOS (iNOS) stimulated by inflammatory signals
such as pro-inflammatory cytokines and endotoxins (LPS)
from several cell types (Korhonen ef al., 2002). It has
been reported that NO synthesized in activated macroph-
ages can function as a mediator of numerous tumoricidal
and antimicrobial effects (Lorsbach et al., 1993).

Recently, numerous studies have focused on modulat-
ing the composition of the intestinal microbiota and pro-
biotic LAB strain-mediated inhibition of inflammatory
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responses. In vitro studies using murine RAW 264.7 mac-
rophages and human HT-29 cells have shown that Lacto-
bacillus plantarum KFCC11389P (Chon et al., 2009), L.
rhamnosus GG (Lee et al., 2012), L. casei MCL (Choi et
al., 2012), and L. casei LC-EAS (Karthikeyan et al.,
2013) have immunomodulatory effects. In addition, based
on the results of studies in an in vivo colitis mouse model,
anti-inflammatory effects have been reported for L. sali-
varius 433118 (Feighery et al., 2008), L. plantarum
HY115, L. brevis HY7401 (Lee et al., 2008), and L. plan-
tarum Lp91 (Duary et al., 2011).

Two of the most important selection criteria for poten-
tial probiotic candidate strains are the ability to adhere to
the intestinal epithelial surface and colonize the gas-
trointestinal (GI) tract (Byrd and Bresalier, 2004; Ouwe-
hand and Salminen, 2003; van Tassell and Miller, 2011).
Many studies have focused on alternative in vitro models
to screen probiotic strains for these abilities, including
using propagated human intestinal cells, such as HT-29
and Caco-2 cells, and mucin-adhesion assays (Carasi ef al.,
2014; Duary et al., 2011; Valeriano et al., 2014). Rec-
ently, a Caenorhabditis elegans surrogate in vivo model
has been successfully used for simple, rapid, and eco-
nomic high-throughput screening of potential probiotic
bacteria (Park et al., 2014). The practical advantages of
using this model system for screening are that the body of
C. elegans is transparent, which allows clear observation
of all cells in mature animals and at all developmental
stages (Leung et al., 2008) and that its intestinal cells are
similar in structure to those in humans (McGhee, 2007).

In this study, we investigated the ability of selected pro-
biotic candidate strains to mediate anti-inflammatory acti-
vities in cultures of murine RAW 264.7 macrophages.
Selected strains exhibiting high levels of NO production
inhibition activity in LPS-stimulated RAW macrophages
were identified, and their probiotic properties were fur-
ther characterized using in vitro assays and a C. elegans
model. Finally, we studied the milk-fermenting ability of
the selected strains to assess their suitability as probiotic
strains for functional fermented milk production.

Materials and Methods

Selection of strains from healthy adult feces

As an appraisal for the application of new probiotic cul-
tures, many strains were isolated from healthy human
feces using Rogosa SL agar as a selective medium (Choi
et al., 2012). Typical colonies on the agar plates were sel-
ected randomly and subcultured in MRS broth, and pure

cultures were obtained by restreaking on MRS agar. Basic
characterization studies, such as Gram staining and cata-
lase tests, were performed. All isolated LAB strains were
maintained in MRS broth containing 25% glycerol at -80
°C until use.

Isolate identification

The bacterial 16S rRNA genes were amplified by poly-
merase chain reaction (PCR) using universal primers 27F
(5-AGAGTTTGATCMTGGCTCAG-3) and 1492R (5-G
GYTACCTTGTTACGACTT-3) in a LifeTouch thermal
cycler (Alpha Laboratories, UK). The cycling program
was as follows: denaturation at 95°C for 5 min, followed
by 30 cycles of 95°C for 30 s, 47°C for 30 s, and 72°C for
60 s, with a final extension at 72°C for 10 min. The PCR
products were purified with a PCR purification kit (Qia-
gen, USA) and sequenced by Solgent (Korea).

Macrophage cell culture

RAW 264.7 cells were obtained from the Korean Cell
Line Bank (Seoul, Korea). The cells were grown in Dul-
becco’s modified Eagle’s medium (DMEM; Gibco, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco)
and 1% streptomycin and penicillin at 37°C in a humidi-
fied 5% CO, incubator. Cell numbers and viability were
measured by using Trypan blue (Amresco, USA) and a
hemocytometer. Confluent cells were subcultured every 2
d as described previously (Choi et al., 2012).

Nitric oxide assay

RAW 264.7 cells were placed into 24-well plates at a
density of 1.0x10° cells/well. LPS (100 ng/mL) and LAB
fractions (at 2.5% final concentration, 10 times concen-
trated) were added. After 24 h, the concentration of NO
was determined by measuring the amount of nitrite in the
cell culture supernatant using Griess reagent (Sigma, USA)
as previously described (Green et al., 1982). An aliquot
of the culture supernatant (50 uL) was mixed with an
equal volume of Griess reagent and incubated for 15 min
at room temperature. The absorbance at 540 nm was mea-
sured using a microplate reader. The nitrite concentration
was determined based on a standard curve prepared using
sodium nitrite (Kim et al., 2007).

Acid tolerance

As described previously (Hedin er al., 2000), bacterial
cultures (initial density, 107 CFU/mL) were incubated in
MRS broth overnight at 37°C. The overnight cultures
were divided into two equal aliquots. To measure acid tol-
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erance, bacterial cells harvested from one aliquot were
suspended in MRS broth containing 0.05% L-cystein-HCI
adjusted to pH 3.0 (by adding 4 M HCI) and incubated
for 3 h at 37°C. Cells harvested from the second culture
aliquot were used as a control. After incubation, the
acidic culture was neutralized by adding 0.1 M PBS (pH
6.2), 10-fold serial dilutions were made. Live cells were
counted on MRS agar plates after incubation for 48 h at
37°C. Acid tolerance was expressed as a percentage of
the number of viable cells after incubation in MRS broth
(pH 3.0) relative to that of the control and was calculated
using the following equation:

Acid tolerance (%) = (Log CFU/mL after 3 h of expo-
sure) / (initial Log CFU/mL) x 100

Bile tolerance

Bile tolerance was assessed according to the method of
Gilliland ef al. (1990). Briefly, MRS broth and MRS broth
supplemented with 0.3% oxgall were inoculated with an
overnight culture (0.5% initial inoculum). After 12 h of
culture at 37°C, the optical density at 620 nm (ODy,,) was
measured. Bile resistance was expressed as a percentage
of the number of viable cells after incubation in MRS
broth with oxgall compared to that of the control (without
oxgall) and was calculated using the following equation:

Bile resistance (%) = (ODy,, in MRS broth with oxgall)
/ (ODg,, in MRS broth without oxgall) x 100

Hydrophobicity

Cell surface hydrophobicity was determined using the
method of Valeriano et al. (2014). Briefly, an overnight
culture was harvested (13,000 rpm, 15 min), washed
twice, and resuspended in PBS to a final ODy,, of ~0.5,
which was designated as A;. An aliquot (3 mL) of the cell
suspension was mixed with 1 mL of toluene. The mixture
was mixed vigorously for 90 s and then left to stand at
37°C for 1 h to allow phase separation. After the toluene
phase was removed, the ODy, of the aqueous phase was
measured and designated as A,. Each experiment was
performed in triplicate from independent cultures. Cell
surface hydrophobicity was determined as the percentage
decrease in the absorbance of the aqueous phase after
exposure to toluene, which was calculated using the fol-
lowing equation (Valeriano et al., 2014):

Hydrophobicity (%) = [1 — (A,/Ay)] x 100

where,
A, : ODy,, value of the original suspension

A, : ODy,, value of the aqueous phase after extracting
with toluene

C. elegans intestine adhesion assay

The C. elegans strain used in this study was CF512 fer-
15(b26)11;fem-1(hc17)IV (Kim and Mylonakis, 2012).
This C. elegans strain was routinely maintained accord-
ing to the method described by Brenner (1974) using ne-
matode growth medium (NGM) plates seeded with Es-
cherichia coli OP50. The isolated LAB strains were
screened for colonization of the C. elegans intestinal tract
according to a previously described method (Park et al.,
2014). Briefly, after exposing C. elegans to individual LAB
strains on NGM plates containing nystatin for 5 d, 10
worms were randomly selected, washed twice with M9
buffer, and place on brain-heart infusion (BHI) plates
containing kanamycin and streptomycin. These plates then
were exposed to gentamycin (5 uL of a 25 ug/mL solu-
tion) for 5 min. After the worms were washed three times
with M9 buffer, they were pulverized using a pestle (Kon-
tes Glass Inc., USA) in a 1.5-mL Eppendorf tube contain-
ing M9 buffer supplemented with 1% Triton X-100. The
worm lysate was serially diluted (10-fold) in M9 buffer
and plated on MRS agar (pH 5.0). After incubation for 48
h at 37°C, live bacterial cells in the lysates were counted.

Culture characteristics in skim milk

The cell viability, pH, and titratable acidity (TA) of the
LAB selected strains and L. casei YIT 9029 (obtained
from Korea Yakult Co.) were assessed during growth in
skim milk media (Choi et al., 2012). Overnight cultures
were containing 10% skim milk and 2% glucose were
incubated at 37°C in a water bath. Viable cells were
counted at 4 h intervals for 36 h. Cultured cells were seri-
ally diluted in PBS and then plated on MRS agar. Plates
were incubated at 37°C for 48 h. The pH was measured
using a pH meter (Seven easy'™ S20; Mettler Toledo,
USA). To measure the TA, the cultured samples were tit-
rated with 0.1 N NaOH. TA was expressed as the percent-
age of lactic acid contents in the sample.

Results and Discussion

Screening and identification of isolates

Molecular characterization of 24 fecal isolates using
16S rDNA sequencing analysis (Table 1) showed that L.
plantarum (6 strains) was the most common species, fol-
lowed by L. sakei subsp. sakei (4 strains), Pediococcus
pentosaceus (3 strains), L. curvatus (2 strains), L. salivar-
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Table 1. 16S r DNA sequence homology with the type strains obtained from Ez-taxon search

Strain ID Identified as Type strain® Homology (%)
1 Lactobacillus plantarum CAU1045 ATCC 149177 99.27
2 Lactobacillus paracasei subsp. tolerans CAU1048 JcM 11717 99.38
3 Lactobacillus plantarum CAU1054 ATCC 149177 99.36
4 Lactobacillus plantarum CAU1055 ATCC 149177 99.81
5 Lactobacillus plantarum CAU1064 ATCC 149177 99.14
6 Streptococcus infantarius subsp. coli CAU1085 NCDO 964" 99.93
7 Lactobacillus plantarum CAU1106 ATCC 149177 99.68
8 Pediococcus pentosaceus CAU1212 DSM 20336" 99.06
9 Lactobacillus acidophilus CAU1214 ATCC 43567 99.72
10 Pediococcus pentosaceus CAU1216 DSM 20336" 99.31
11 Weissella cibaria CAU1221 KACC 118627 99.44
12 Weissella viridescens CAU1222 NRIC 15367 99.93
13 Pediococcus pentosaceus CAU1223 DSM 20336" 99.32
14 Weissella viridescens CAU1224 NRIC 15367 98.39
15 Weissella cibaria CAU1225 KACC 118627 99.52
16 Lactobacillus sakei subsp. sakei CAU1241 DSM 200177 99.86
17 Lactobacillus sakei subsp. sakei CAU1242 DSM 200177 99.78
18 Lactobacillus curvatus CAU1243 LMG 91987 99.64
19 Lactobacillus curvatus CAU1244 LMG 91987 99.64
20 Lactobacillus sakei subsp. sakei CAU1245 DSM 200177 99.86
21 Lactobacillus sakei subsp. sakei CAU1273 DSM 200177 99.90
22 Lactobacillus salivarius CAU1301 ATCC 117417 99.86
23 Lactobacillus salivarius CAU1302 ATCC 117417 99.86
24 Lactobacillus plantarum CAU1364 ATCC 149177 99.81

*ATCC, American Type Culture Collection; DSM, Deutsche Sammlung von Mikroorganismen; JCM, Japan Collection of Microorgan-
isms; KACC, Korean Agricultural Culture Collection; LMG, LMG Bacteria Collection Universiteit Gent; NCDO, National Collection of

Dairy Organism; NRIC, NODAI Research Institute Culture Collection

ius (2 strains), Weissella cibaria (2 strains), W. viride-
scens (2 strains), L. paracasei subsp. tolerans (1 strain),
L. acidophilus (1 strain), and Streptococcus infantarius
subsp. coli (1 strain).

Nitric oxide assay

Initially, the anti-inflammatory activity of the LAB iso-
lates was investigated in LPS-stimulated RAW 264.7 cells.
Heat-killed whole bacterial cells of the isolated LAB
strains were added to the RAW cell cultures, and inhibi-
tion of NO production was evaluated. NO is a suspected
mediator in the development of diseases associated with
chronic inflammation, including cancer and inflammatory
bowel disease. NO also has various biological functions
in many types of immune cells, including induction of the
bactericidal effect in macrophages and signal transduction
during inflammation (Jeong et al., 2010). The ability of
the LAB strains to inhibit NO production was expressed
as a relative NO rate (%) compared with the NO concen-
tration in the controls (Fig. 1). The positive RAW 264.7
cell control culture was treated with LPS only, and the
negative control was treated with PBS. As shown in Fig.

2, potential anti-inflammatory effects were observed in
cultures with 8 isolated LAB strains (CAU1054, CAU
1055, CAU1064, CAU1106, CAU1245, CAU1273, CAU
1301, and CAU1302) belonging to the genus Lactobacil-
lus. Four L. plantarum strains reduced NO production;
however, the other 2 L. plantarum strains increased NO
production in the RAW cell cultures, suggesting that the
anti-inflammatory effects are strain specific, even within
the same species. In addition, some strains of L. acidophi-
lus, L. sakei subsp. sakei, and L. salivarius also inhibited
NO production. However, other LAB strains, including L.
paracasei, S. infantarius subsp. coli, P. pentosaceus, W.
cibaria, W. viridescens, and L. curvatus increased NO
production. According to Chon et al. (2009), intracellular
metabolites or molecules from L. plantarum KFCC11389P
have inhibitory effects on the production of the pro-
inflammatory cytokines IL-6 and TNF-o in LPS-stimu-
lated RAW 264.7 macrophages. However, these anti-
inflammatory effects were not detected when viable or
heat-killed cells were used, suggesting that the L. plan-
tarum KFCC11389P cells did not affect the anti-inflam-
matory cytokines, and thus could not exert the immune-
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Fig. 1. Nitric oxide concentration (UM) in the RAW 264.7 cells treated with the heat killed whole cells of 24 LAB isolates (Strain

ID: See the Table 1 for the identification of the isolates).
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Fig. 2. Comparison of inhibitory rate (%) in NO production in the RAW 264.7 cells treated with the heat killed whole cells of 8
selected LAB strains (Strain ID: 3. L. plantarum CAU1054; 4. L. plantarum CAU1055; 5. L. plantarum CAU1064; 7. L.
plantarum CAU1106; 20. L. sakei subsp. sakei CAU1245; 21. L. sakei subsp. sakei CAU1273; 22. L. salivarius CAU1301;

23. L. salivarius CAU1302).

modulating activities. Karthikeyan et al. (2013) reported
that a solvent fraction extracted from a strain of L. casei
(LC-EAS) can inhibit NO production by suppressing iNOS
mRNA expression.

To obtain more insight into the anti-inflammatory
effects exerted by selected L. plantarum strains, future
studies are be needed to identify the active components in
the bacterial cell structure and to verify the anti-inflam-
matory activity in animal models of disease and clinical
experiments in humans.

Acid tolerance

Survival of probiotics during gastric transit is important
for colonization of the GI tract. Therefore, resistance to
low pH was examined as a first step in determining the
probiotic potential of the LAB strains (McDonald et al.,
1990). The survival rate of the LAB strains was investi-

gated after 3 h of incubation in MRS broth at pH 3.0. As
shown in Fig. 3, 17 strains showed survival rates above
90% after 3 h of incubation at low pH. Among these acid
tolerant strains, 3 strains of L. plantarum (CAU1054,
CAU1055, and CAU1064) and L. salivarius CAU1301
showed higher survival than the other strains (Fig. 3). In
contrast, the viable counts of the S. infantarius subsp. coli,
W. cibaria, L. curvatus, and L. sakei subsp. sakei strains
were less than 1 Log CFU/mL after 3 h of exposure to pH
3.0.

Several in vitro assays have been developed for the sel-
ection of acid-resistant LAB strains, including incubation
in gastric contents, exposure to pH-adjusted PBS, and the
use of a dynamic model of the stomach (Alander et al.,
1999). The acid tolerance test (conducted at pH 3.0) used
in this study has been shown to be sufficient for screening
acid-tolerant strains from many LAB isolates. Further-
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Fig. 3. Survival rates of lactic acid bacteria after 3 h exposure to pH 3.0 in MRS broth (Strain ID: See the Table 1 for the identi-
fication of the isolates). Data are an average of the data obtained by three independent experiments.
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Fig. 4. Survival rates of the lactic acid bacteria after 12 h in MRS broth with 0.3% oxgall (Strain ID: See the Table 1 for the

identification of the isolates).

more, Argyri et al. (2013) postulated that a pH value of
2.5 for the selection of potential probiotic strains is very
selective because it is not the most common pH in the
human stomach due to the buffering capacity of food or
other carrier matrix molecules following consumption.

Bile tolerance

Bile salt tolerance is considered one of the properties
required for the survival of probiotic strains in the small
intestine. Bile secreted into the small intestine plays an
important role in lipid digestion. However, due its am-
phiphilic nature, it is somewhat toxic to the GI microbiota
because it can damage the lipid bilayer of bacterial cell
membranes. The concentration of bile used here, 0.3%, is
considered to be the critical concentration for screening
resistant strains (Hyronimus et al., 2000). As shown in
Fig. 4, P. pentosaceus, L. acidophilus, W. cibaria, W. vir-
idescens strains showed bile tolerance, whereas 1 strain

of L. sakei subsp. sakei was the most susceptible to 0.3%
oxgall. The bile tolerance of the selected LAB strains ap-
pears to be a strain-specific characteristic, as was reported
previously (Mishra and Prasad, 2005).

Hydrophobicity

Bacterial cell surface hydrophobicity is important for
the interactions between the bacterium and host intestinal
epithelial cells that initiate bacterial adhesion in the GI
tract. Previously, Perez et al. (1998) reported a high cor-
relation between the hydrophobicity of the bacterial cell
surface and adherence to intestinal epithelial cells. In the
in vitro hydrophobicity test (Fig. 5), 7 strains showed
greater than 50% hydrophobicity; 6 of them were mem-
bers of the genus Lactobacillus and the remaining strain,
224, was identified as W, viridescens. These results are in
a good agreement with those of Valeriano et al. (2010),
who reported that all tested Lactobacillus strains showed
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Fig. 5. Comparison of in vitro hydrophobicity of LAB isolates (Strain ID: See the Table 1 for the identification of the isolates).
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Fig. 6. Colonization of lactic acid bacteria on the C. elegans intestine (*Not detected) (Strain ID: See the Table 1 for the identifi-

cation of the isolates).

hydrophobic surface characteristics (>50%), whereas some
gram-negative bacteria, such as E. coli and Salmonella
Typhimurium, exhibited relatively hydrophilic surfaces.
Valeriano et al. (2014) also reported a significant correla-
tion between in vitro adhesion on mucin, bacterial cell
surface hydrophobicity, and auto-aggregation for the L.
mucosae LM1 strain. However, these in vitro data may
not correlate with the in vivo conditions due to various
strain-specific mechanisms. Although some alternative in
vitro adhesion assay models of the epithelial surface have
been described, they have a critical limitation with regard
to reflecting the actual human intestine.

C. elegans intestine adhesion

C. elegans is an accepted in vivo model to study bacte-
ria-host interactions in the gut because the intestinal cells
of this nematode worm are similar to those of humans
(Park et al., 2014). Therefore, we used C. elegans as a
surrogate in vivo screening system for potential probiotic

LAB with the ability to adhere to the intestinal tract. As
shown in Fig. 6, 5 strains (CAU1045, CAU1064, CAU
1106, CAU1212, and CAU1214) showed relatively high
GI tract colonization. These strains exhibited outstanding
persistence in the C. elegans intestine (>3.5 Log CFU/mL
per worm). Another 6 strains (CAU1054, CAU1055,
CAUI1216, CAU1222, CAUI1223, and CAU1245) also
showed good colonization ability (2.5-3.0 Log CFU/mL
per worm). However, the remaining strains were not able
to colonize the intestinal tract of C. elegans. The results
of the present study showed that in vivo colonization abil-
ity was a strain-specific characteristic. For example, 5 L.
plantarum strains exhibited high colonization, whereas 1
L. plantarum strain (CAU1364) did not shown high colo-
nization. Park et al. (2014) also reported that 4 strains of
L. plantarum exhibited good colonizing ability, and these
strains significantly extended the life span of C. elegans
and enhanced their resistance to pathogenic bacteria such
as S. aureus. It would be interesting to investigate the cor-
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relation between colonizing ability and anti-inflammatory
activity using good-colonizing and poor-colonizing L.
plantarum strains in a future study.

Skim milk culture characteristics

Yogurt or fermented milk is one of the most efficient
probiotic carrier foods. The milk fermenting ability of LAB
strains is very important for use as a starter culture in dairy
production. We investigated the growth characteristics of
the L. plantarum strains that showed excellent anti-infla-
mmatory activity (CAU1054, CAU1055, CAU1064, and
CAU1106) in skim milk media. The selected strains were
able to grow in skim milk media, reaching viable cell
counts of 8.5 Log CFU/mL (Fig. 7), which was lower
than that of L. casei YIT 9029 (also known as strain Shi-
rota). Accordingly, the pH and TA values of the selected
skim milk cultures were lower than those of L. casei YIT
9029 (Fig. 8). In order to use these probiotic candidates

for yogurt production, it would be necessary to test for
potential growth promoting conditions in milk and/or to
co-culture them with other starter bacteria. Alternatively,
these strains could be used in other probiotic applications
with efficient delivery systems, including as lyophilized
powders, capsules, and tablets.

Conclusions

We investigated the ability of selected probiotic candi-
date strains reduce NO production levels in cultures of
LPS-stimulated RAW 264.7 macrophages. Based on mor-
phological, biochemical, and molecular biological charac-
terizations, the selected strains were identified as L.
plantarum. The 4 L. plantarum strains isolated and char-
acterized in this study meet the probiotic selection criteria
for in vitro probiotic property assessment. Furthermore,
they showed good colonization in a C. elegans intestine
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in vivo model. Taken together, the selected L. plantarum
strains show promise for use as probiotic agents and in
fermented dairy food applications. Further studies are
needed to obtain more insight into the anti-inflammatory
effects of these strains in animal models and human clin-
ical experiments.
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