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Abstract

The antioxidant activities and probiotic properties of lactic acid bacteria (LAB) selected from traditional artisanal milk cheese
from Northeast China were investigated in this study. Among the 322 isolates, 175 LAB were identified through probiotic
characterizations. Twenty-three out of the 175 strains exhibited antibacterial activity against more than four enteropathogenic
bacteria. The antioxidant action of 23 LAB was evaluated by different methods, including scavenging of hydroxide radicals,
DPPH radicals, superoxide anions, and ABTS™ radical cation. The ability to resist hydrogen peroxide and superoxide dismutase
activity was also studied. These strains significantly showed antioxidative capacity compared with a non-antioxidative strain,
closely followed by the standard probiotic strain Lactobacillus rhamnosus GG or even better. Based on 16S ribosomal RNA-
sequence analysis, the 23 isolates belonged to the species Lactobacillus plantarum (16), Lactobacillus paracasei (2),
Enterococcus faecium (2), Lactobacillus helveticus (1), Weissella paramesenteroides (1), and Pediococcus pentosaceus (1). In
addition, five out of the 23 strains were susceptible to most of the tested antibiotics, showed extremely high levels of hydropho-
bicity similar to or better than the reference strain L. rhamnosus GG, and did not exhibit any hemolytic activity. These five strains
were also confirmed safe through bacterial translocation. Results suggest that at least five probiotic candidates can be explored as
prospective antioxidants and used as a potential antioxidant strain to be utilized in the development of functional foods and new
starter cultures.
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Introduction

Oxidative stress occurs when abnormally excessive amounts
of reactive oxygen species (ROS) [1] and free radicals [2] are
generated, resulting in DNA, protein, lipid, and small cellular
molecule damage. Moreover, the cellular damage consequent-
ly promotes chronic diseases, including cancer, diabetes, and
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atherosclerosis, as well as cardiovascular diseases, inflamma-
tory conditions, and other degenerative diseases in humans
[3]. Antioxidative defense is the first line of defense in the
injurious effects of ROS [4]. Other organisms and human
bodies possess developed enzymatic and non-enzymatic anti-
oxidative defense and repair systems as protection against
oxidative stress. However, under certain situations, these in-
herent antioxidative systems are generally not sufficient to
prevent oxidative damage [5]. Enzyme biosynthesis that can
scavenge free radicals is decreasing as age increases. Thus, to
reduce oxidative damage, several synthetic antioxidants, such
as butylated hydroxytoluene and hydroxyanisole, have been
widely used for several decades. However, their safety has
recently been questioned due to reports of their liver damage
and carcinogenicity [6]. Thus, searching for safe and natural
alternative effective antioxidants from bioresources in recent
years is significant [7].

The beneficial effects of lactic acid bacteria (LAB) in hu-
man health include antimicrobial activity, antiaging, antioxi-
dant activities, enhancing immune potency, and reducing risk
of tumors [8]. Generally recognized as safe (GRAS)
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organisms, LAB are widely consumed with various sub-
strates, fermented foods, and beverages [9]. Most LAB can
be safely applied for medical and veterinary functions [10].
Particularly, traditional dairy products, such as yogurt, cheese,
vegetables, fermented milk, and meat products, represent sev-
eral, excellent food sources of probiotics [11]. Some studies
reported that some probiotic LAB possess strong antioxidative
activity that can decrease the risk of ROS overproduction [12].
LAB can also help the body reduce oxidative damage stress-
related diseases from external sources through oral route [13].
Therefore, searching for natural alternative effective antioxi-
dants from the wild LAB in traditional dairy products that
might complement or replace current synthetic antioxidants
[1] draws great interest.

Among the traditional local artisanal fermented dairy prod-
ucts in the northeast region of China, cheeses were made
through natural fermentation without any starter culture.
During manufacturing and cheese ripening, the autochthonous
microbiota present in milk naturally evolves, growing in the
number of LAB species as potential probiotic [14]. Probiotics
are one of the most popular cheeses in northeast China.
Songisepp and colleagues’ showed that the probiotic
Lactobacillus fermentum strain can be used as a novel probi-
otic, with sustained high antioxidative and antimicrobial ac-
tivities [15]. Moreover, the LAB strains isolated from tradi-
tionally fermented Xinjiang cheese exhibit high potential as
starter cultures [16].

Despite that, antioxidative potentials of LAB are generat-
ing considerable interest among consumers and researchers,
the benefits of this important attribute is yet to be fully ex-
plored. Most studies examined some LAB species derived
from fermented foods. However, only a few species were used
for investigations [17]. No studies are available to date,
reporting the antioxidant activities of LAB isolated from tra-
ditional Northeast Chinese artisanal cheese. Thus, we explore
more new strains of probiotic bacteria to develop antioxidant
supplements. In this study, we isolated 322 LAB from four
cheese samples obtained from northeast China. Then, we
assessed the effects of probiotic properties and antioxidant
properties.

Material and Methods
Chemicals, Reagents, and Bacteria

ABTS (2,2'-Azinobis-(3-ethylbenzothiazoline-6-sulfonic ac-
id)) was purchased from Sigma—Aldrich Co. LLC. (USA).
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) was purchased
from TCI Development Co., Ltd. (Shanghai, China).
Tryptone, yeast extract, xylene, hydrogen peroxide, pyrogal-
lol, ascorbic acid, and 1,10-phenanthroline stored from our
laboratory and all other reagents and solvents were of research

purity grade. Their antioxidative properties and cell-surface
hydrophobicity were compared with standard probiotic strain
Lactobacillus rhamnosus GG and non-antioxidative strain of
Escherichia coli DH5 . L. rhamnosus GG was obtained from
Dr. Chunli Ma, College of Food Science, Northeast
Agricultural University. E. coli DH5x was purchased from
Takara Biotechnology (Dalian, China).

Isolation of Bacteria from Traditional Artisanal Milk
Cheese from Northeast China

The artisanal milk cheeses purchased from farmers in the
northeast region of China were used in this study. The samples
were serially diluted in sterile saline water. A 200 pL of re-
spective dilution was cultured on de Man—Rogosa—Sharpe
(MRS) (Hope Bio-technology CO., LTD., Qingdao, China)
medium agar plates and incubated at 37 °C for overnight
(16—18 h). After cultivation, single, creamy, and opaque col-
onies were isolated at random and further identified by Gram-
staining, morphological, and catalase activities. Colonies with
straight rod-shaped Gram-positive, catalase-negative isolates
were identified as LAB. Stock cultures were maintained at
—80 °C in MRS broth with 50% glycerol. For all subsequent
assays, working cultures were transferred at least thrice in
MRS at 37 °C overnight (16—18 h). The cultures were obtain-
ed and identified by periodic Gram staining to assure their
purity.

Acid Tolerance Assay

The ability of the isolates to tolerate low pH was carried out
according to Bhakta et al. [18] with some modifications. In
short, the MRS broth was adjusted to a pH of 2.0 with HCI
solution, and cultures were inoculated in the MRS broth with-
out shaking at 37 °C for 12 h, where in non-treated cultures
were used as a negative control. Following acid treatment, the
pH tolerance of the cells was determined by calculating the
viable bacterial cells on MRS agar plates.

Bile Tolerance of LAB

Resistance to bile salts was assayed following the procedure
reported by Bhakta et al. [18]. Briefly, after strains were
grown at 37 °C for 12 h in MRS broth, tolerance of bacterial
resistance to bile salts was performed in 1 mL MRS broth
supplemented with a mixture of bile salts (Huankai
Microbial Sci. & Tech. Co., Ltd., Guangdong, China) at dif-
ferent concentrations of2, 4, and 8 g/L and the blank solution
without bile salt. Total viable counts were determined by
MRS agar plate assay.
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Tolerance of LAB to a Simulated Human Intestinal
Juice Tolerance

Intestinal juice tolerance was performed according to the
method of Pieniz et al. [19] with some modifications. The
1 mg trypsin (Sigma—Aldrich Co. LLC., USA) with or without
1.5% of bile salts was suspended in 1 mL NaCl solution
(0.5%) and adjusted to pH 8.0 to prepare simulated intestinal
juice. After 12 h of incubation in MRS medium, our isolates
were cell pelleted and washed thrice with 0.1 M with
phosphate-buffered saline (PBS, pH 7.2) and resuspended in
NaCl solution (0.5%). The 0.2 mL aliquot of cell suspension
was mixed with 1.0 mL of simulated intestinal juices and
incubated at 37 °C for 12 h. Bacterial growth was measured
by MRS agar plates.

Antimicrobial Activity

Antimicrobial activity of LAB isolates was determined by
agar well diffusion assay using the non-neutralized and neu-
tralized supernatant [20]. The LAB strains with acid tolerance,
bile tolerant, and simulated human intestinal juice tolerance
ability were cultured in an MRS broth at 37 °C for 1618 h.
Then, cultures were centrifuged to obtain cell-free culture su-
pernatant (CFCS). The capability of the strains against enteric
pathogens was determined using an agar spot test. Three
Gram-positive (Staphylococcus aureus CMCC26003,
Listeria monocytogenes ATCC19111, and Enterococcus
faecalis ATCC29212) and two Gram-negative (Salmonella
typhimurium CVCC541 and Pseudomonas aeruginosa
ATCC9027) bacteria were used as indicators. All indicator
microorganisms were cultured in Luria—Bertani (LB) broth
at 37 °C for 16 h under aerobic conditions and then adjusted
to 10°~107 colony forming units (CFU/mL) and spread
(200 uL) on the LB agar plates for 24 h at 37 °C.

One aliquot of 200 pL of CFCS was encased into an
Oxford cup, which was set on the surface of the agar. The
antimicrobial activity was determined until the formation of
clear inhibition zones around the oxford cup (including that of
the oxford cup of 7.8 mm) after incubation at 37 °C for 24 h.
The same procedure was used to evaluate if the antimicrobial
activity of CFCS changed to pH 7.0 using NaHCO; (5% wt/
vol). LAB strains with clear inhibition zones less than 10, 10—
16, and 17-22 mm were recorded as negative (—), mild (+),
and strong (++) inhibitors, respectively. The experiment was
carried out in duplicates. As a positive control, the L.
rhamnosus GG growth was estimated. Sterile MRS broth
was used as a negative control.

Identification of Selected LAB

16S rRNA analysis was carried out as described by Leite et al.
[21]. Total genomic DNA of the isolates was extracted using
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the TIANamp Bacteria DNA Kit (TTANGEN Biotech, Co.,
Ltd., Beijing, China), following the manufacturer’s recommen-
dations. Polymerase chain reaction (PCR) was performed using
universal primers 27F (5-AGAGTTTGATCMTGGCTCAG-
3") and 1492R (5'-GGTTACCTTGTTACGACTT-3") [21].
The PCR products were purified using the quick PCR purifica-
tion kit (TTANGEN Biotech Co., Ltd., Beijing, China) and were
sent to a sequencing company (Comate Bioscience Co., Ltd.,
Changchun, China). The nucleotide sequences were compared
with known sequences in GenBank database using the BLAST
program (https://www.ncbi.nlm. nih.gov/BLAST/).

Assay Antioxidant Activity of LAB Strains

Resistance to Hydroxyl Radicals The hydroxyl-radical-
scavenging activity was conducted by the modified method
of Ahire et al. [22]. The hydroxyl-radical generation was per-
formed in the solution, which contained 1 mL 1,10-
phenanthroline (0.75 mM),1.5 mL sodium phosphate buffer
(pH 7.4, 0.15 M), and 1 mL FeSO,4 (0.75 mM), 1 mL of H,O,
(0.01%, v/v). In addition, 1.0 mL CFCS was incubated at
37 °C for 30 min. The absorbance at 536 nm was measured.
The results were expressed as: hydroxyl-radical-scavenging
activity (%) = (Atest — Ablank) / (A" — Apjank) * 100%, where
Atest 18 the absorbance in the presence of the CFCS, and A’ is
the absorbance of both the CFCS and the H,O, substituted
with MRS or ultrapure water. Ay, is the absorbance without
the sample and was substituted with MRS or ultrapure water.

Scavenging of DPPH-Free Radical DPPH scavenging activity
of the CFCS was evaluated as described by Ahire et al. [22].
Briefly, 1 mL of 0.2 mM freshly prepared DPPH solution in
ethanol was mixed with 0.8 mL CFCS. The mixture was
allowed to stand in the dark for 30 min. The blanks contained
MRS broth and DPPH solution. The absorbance of the mix-
ture was then recorded at 517 nm. The radical-scavenging
activity of CFCS was calculated by the following equation:
DPPH radical-scavenging activity (%) = (Apjank — Atest /
Aptank) % 100.

ABTS Radical-Scavenging Activity ABTS radical-scavenging
was assayed by a method described by Jia et al. [23] with
minor modifications. ABTS™ radical cation stock solution
was prepared, and the mixture was kept for 16 h in the
dark at room temperature. The ABTS* solution was dilut-
ed by methanol at an absorbance of 0.700+0.020 at
734 nm. CFCS of 100 pL (or standards) was mixed with
3.0 mL ABTS" solution. Then, the absorbance at 734 nm
was measured. The absorbance of the blank solution con-
tains similar proportion (100 pL) of culture medium or
ultrapure water. The percentage of inhibition was calcu-
lated as follows: ABTS" radical cation scavenging rate =
(1 = Aest / Aptank) % 100.
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Resistance to Superoxide Anions The superoxide anion
radical-scavenging assay was tested using the method de-
scribed by Gao et al. [24] with some modifications. The reac-
tion mixture contains 0.8 mL CFCS and 0.2 mL Tris—HCI
buffer (0.1 M, pH 8.0), and the absorbance was measured at
320 nm. After adding 0.1 mL pyrogallol solution (3 mM),
A320 was measured. Scavenging ability is calculated as fol-
lows: scavenging ability (%) =[1 — (Awst1 — Atest2) / Ablank] ¥
100, where A is the absorbance in the presence of the
CFCS containing pyrogallol; A is the sample without py-
rogallol; and Ay, is the absorbance without the sample and
the blank solution containing pyrogallol.

Superoxide Dismutase Activity The superoxide dismutase
(SOD) activity was measured with commercially available
reagent kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) according to the manufacturer’s instructions.
CFCS was prepared as described previously, and SOD activity
was analyzed. SOD activity was expressed as U/mL protein.

Resistance to Hydrogen Peroxide The reaction to resistance to
hydrogen peroxide was performed according to the method-
ology of Li et al. [17]. Test strains were grown in MRS broth
overnight (16—18 h) at 37 °C. The overnight cultures were
incubated at 1% (v/v) into MRS broth including 0.4, 0.7, or
1.0 mM hydrogen peroxide at 37 °C for 8 h. The cell growth
was estimated by using a microplate reader (BioTek
Instruments, Inc., Winooski, VT, USA) at 600 nm.

Cell Surface Hydrophobicity

The cell surface hydrophobicity (H%) assay was performed as
per the protocol described by Solieri et al. [25]. Briefly, iso-
lates were cultured in MRS broth for 18 h at 37 °C. The cells
were suspended in PBS buffer (pH 7.0) to approximately
10° CFU/mL. Equal volumes of cell suspension (Ao) and xy-
lene were added by vigorously vortexing for 2 min and incu-
bated at 37 °C for 10 min. The two-phase system was again
briefly vortexed and incubated at 37 °C for 5 h to allow phase
separation. The aqueous phase was gently moved, and the
absorbance was measured at 600 nm (A,). The percentage of
surface hydrophobicity (H%) was calculated as [1 —(A; /
Ap)] x 100. All the results were compared with standard pro-
biotic strain L. rhamnosus GG.

Antibiotic Susceptibility

Antibiotic susceptibility of the selected strains was assayed by
using disc diffusion method according to previous study [26].
Two hundred microliters (10’ CFU/mL) of overnight-grown
culture was spread to the MRS plates. The 18 antimicrobial
agents were used. The commercial antibiotic discs (KONT
Biology & Technology., LTD., Wenzhou, China) (ampicillin,

penicillin cephalothin, cefuroxime, cefotaxime, ceftazidime,
cefepime, imipenem, cefoxitin, tetracycline, azithromycin,
doxycycline, erythromycin, vancomycin, trimethoprim-
sulfamethoxazole, clindamycin, chloramphenicol, linezolid)
were placed on the seeded agar medium. After incubation
under anaerobic condition for 48 h at 37 °C, the plates were
observed for the diameter (mm) of clear zone around the disc.
The resistance and sensitivity were expressed according to the
guidelines of the Clinical and Laboratory Standards Institute
(CLSI 2013).

Hemolytic Activity

Blood hemolysis was analyzed on blood agar containing 5%
sheep blood agar (Biocell BioTech., Co., Zhengzhou, China)
incubated at 37 °C for 24 h. The blood plates were confirmed
for B-hemolysis (clear zones around colonies), «-hemolysis
(greenish zones around colonies), or y-hemolysis (no zones
around the colonies) [27].

Safety Evaluation in Mice

The safety of the selected five strains in mice was evaluated
according to the method of Cui et al. [28]. All animal exper-
iments were approved by the international recommendations
for animal welfare and the ethical committee for animal sci-
ences of Heilongjiang Province, China.

Results and Discussion

In this context, we selectively isolated 322 LAB from four
traditional artisanal cheese samples. This study aimed to eval-
uate the probiotic properties of these strains and to screen
these strains for acid and bile salt resistance and tolerance to
a simulated human gastrointestinal (GI) tract. In addition, we
studied the antioxidant properties of the 23 selected strains
and compared their features with those of the standard probi-
otic strain L. rhamnosus GG and the non-antioxidative strain
E. coli DH5«. Antimicrobial ability, cell surface hydropho-
bicity, and antibiotic susceptibility were considered funda-
mental properties for probiotics.

Acid, Bile, and Simulated Intestinal Juice Resistance

To select probiotic organism, the resistance to pH and bile
salts is an essential prerequisite in bacterial survival and
growth in the harsh conditions of the stomach [29]. The
LAB isolates from cheeses were screened for their resis-
tance and survival in physiological pH environment, phys-
iological bile salt environment, as well as for their growth
in simulated intestinal juice at similar concentration pres-
ent in the proximal intestine [30].
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According to a previous study [31], the ability to grow
at pH 2.5+ 0.3 is considered as potential acid tolerance to
selected probiotic strains. In the present study, 304 out of
322 LAB isolates grew well with a survival rate of more
than 80% in MRS broth after incubation at pH 2.0 for 12 h
(Table 1). These values were higher than those reported by
Lee et al. [32].

In the human gastrointestinal tract, the relevant physiolog-
ical concentrations of bile salts are generally 0.3-0.5% [33].
The presence of the acid tolerance strains in different concen-
tration levels of bile salts was also analyzed (Table 1). The 278
isolates maintained 96 and 91% survival rates at concentration
levels of 2 and 4 g/L, respectively, for 12 h. In addition, the
tested 218 isolates exhibited survival and growth rates of more
than 75% at a bile salt concentration of 8 g/L, indicating that
these strains can exert resistance even at high bile concentra-
tions. Increased concentration with bile salts indicates

Table 1 Probiotic properties of isolates

decreased survival rates of the isolates. However, 198 of these
isolates showed an over 90% survival rate with negative con-
trol. Moreover, the strains exhibited resistance to low pH and
bile salts. This finding was consistent with the previously
reported data [34].

Small intestine tolerance is potentially more significant than
gastric survival. Table 1 shows the ability of 198 strains to
survive in simulated intestinal juice. The 175 strains showed
that similar survival viable cell counts were observed in simu-
lated juices and control. Those strains can tolerate the simulated
intestinal juice. In addition, these strains retained good growth
when exposed to simulated small intestinal juice for 8 h, indi-
cating that our strains can pass through the intestinal tract.

Our results showed good tolerance to acidic, bile salt,
and simulated human intestinal juice conditions (Table 1).
Under our experiment conditions, 94 LAB strains were
selected and investigated for antimicrobial activity testing.

LAB strains Bile tolerance (8 g/L) pH tolerance (pH 2) Simulated intestinal Cell surface
juice tolerance hydrophobicity (%)
Viable count after Viable count after Viable count after
12 h (log CFU/mL) 12 h (log CFU/mL) 12 h (log CFU/mL)

27039 7.81£0.12 733 £0.19 7.53 £ 0.09 223 +023
27051 8.12 £0.36 8.44 £0.27 8.42 £0.01 71.74 £ 0.45
27100 7.11 £ 0.11 7.32 £0.36 7.11 £ 0.04 502 £0.23
27103 7.01 = 0.04 7.11 £0.11 7.63 £ 0.02 59.13 £0.13
27110 7.05+0.19 7.82+0.18 737 £0.18 59.87 £ 0.24
27114 7.17 £0.21 723 £0.28 791 £ 0.05 58.43 £ 0.37
27116 8.91 £0.09 791 +0.31 8.62 +0.09 54.44 £ 0.27
27125 8.45 +£0.05 7.41 +£0.29 8.93 £0.11 5477 +£0.28
27134 791 £0.21 7.59 £0.08 7.34 £0.23 57.6 £0.21
27150 7.18 £0.19 7.35+£0.07 7.42 +0.09 3472 £0.14
27154 7.78 £ 0.11 724 +£0.14 7.38 £0.19 37.17 +£0.24
27156 8.91 +0.06 773 £0.24 827 +0.15 59.6 + 0.47
27160 837 +£0.16 7.15 £ 0.03 8.33 £ 0.09 78.41 £ 0.26
27173 7.71 £0.26 722 £0.01 7.49 £ 0.07 59.8 £0.28
27177 7.09 £ 0.34 7.26 £0.09 7.53 +£0.18 66.77 £ 0.24
27186 8.88 £0.14 7.91 £ 0.05 822 +0.34 63.1£0.22
27195 7.56 £ 0.31 7.36 £0.11 713 £0.18 53.6 £0.12
27197 823 +0.17 8.23 £0.09 8.56 = 0.45 74.73 £ 0.52
27201 7.19 £ 0.09 7.53 £0.03 745 +£0.32 53.42 +0.21
27319 8.35+0.06 8.52 +0.06 822 +0.11 56.99 + 0.24
27320 7.15 £ 0.05 7.71 £0.09 8.31+0.13 38.49 £ 0.23
27321 8.79 £0.11 7.11+£0.17 8.56 £0.12 30.69 +0.15
27322 7.37+0.17 7.12 £0.29 7.63 £ 0.09 7272 £0.16
L. rhamnosus GG 66.27 £ 0.24
E. coli DH5x 19.19 +£0.22

Mean (+standard deviation) of results of three experiments
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Antimicrobial Activity

Inhibition of pathogenic bacterial growth in the intestinal tract
is one desirable property of probiotic strains in avoiding gas-
trointestinal infection [35]. Non-neutralized and neutralized
supernatants of the 23 strains were utilized to study their anti-
bacterial activity against most of the common enteropathogen-
ic bacteria (Table 2). Strains 27051, 27103, 27186, 27195,
27197, and 27201 showed good antibacterial activity against
three Gram-positive (S. aureus, L. monocytogenes, and E.
faecalis) and two Gram-negative (S. typhimurium and P.
aeruginosa) bacteria. Strain 27051 was more effective against
L. monocytogenes than the other strains; whereas the neutral-
ized supernatant displayed comparable activities against S.
aureus, L. monocytogenes, S. typhimurium, and P. aeruginosa.
However, the inhibition zones of all strains were reduced
(Table 2), except for those of strains 27039, 27051, and
27197 that had completely disappeared. Our results indicated
that the inhibitory effects of these LAB strains were caused by
the production of organic acids [36]. Isolates 27116 and 27322
exhibited inhibitory activity toward all but P. aeruginosa.

Strain 27125 exhibited antimicrobial activities against S.
aureus, L. monocytogenes, P. aeruginosa, and S. typhimurium.
The strain 27110 inhibited the growth of different indicator
microorganisms, namely, S. aureus, S. typhimurium, P.
aeruginosa, and E. faecalis. The strain 27173 showed are re-
markable antagonistic activity against S. aureus, L.
monocytogenes, P aeruginosa, and E. faecalis. Many LAB
strains displayed antimicrobial activities at different extents
and, thus, exhibited potential application in food preservation.
In our study, the results may show that the selected LAB can
produce antibacterial active substances. Therefore, the antibac-
terial activity of LAB strains could be correlated with the find-
ing of Ahire et al. [22] who found similar antimicrobial activity
against S. aureus. Several studies have reported the resistance
of S. aureus to numerous antibiotics.

Identification by 16S rRNA Sequencing
Sequence comparisons exhibited a homology higher than 99%

to six different LAB species. Therefore, the 23 isolates with
good antimicrobial activity were identified as follows:

Table 2 Antimicrobial activity of

the LAB strains against the LAB strains

S. aureus

L. monocytogenes

P. aeruginosa S. typhimurium  E. faecalis

enteropathogenic bacteria

Strain  pH 7

Strain

pH 7 Strain  pH7 Strain pH7 Strain pH7

27039
27051
27100
27103
27110
27114
27116
27125
27134
27150
27154
27156
27160
27173
27177
27186
27195
27197
27201
27319
27320
27321
27322

+ o+ 4+ 1+ o+ o+ o+

+ +

+ + + + + +

+

+
++

+

+ + + + o+ + o+ + o+ 4+ o+

+

+

+ + + + + + + + +
I+ + + + 1+ 4+ o+ o+ o+
+ o+ 4+ o+ o+

|
+ + 4+ + o+

+ o+ 4+ o+ o+
+ + + o+ + o+ o+ o+ o+

The following scale was used: interpretation of zone inhibition diameter

—, less than 10 mm; +, 10—-16 mm; ++, 17-22 mm
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Lactobacillus plantarum (16), Enterococcus faecium (2),
Lactobacillus paracasei (2), Lactobacillus helveticus (1),
Weissella paramesenteroides (1), and Pediococcus
pentosaceus (1). The 16S rRNA sequences of our LAB strains
were deposited in the GenBank sequence database under ac-
cession numbers KX832350-KX832372 (Table 3).

Antioxidant Activity

LAB antioxidant activities are one of the most important pro-
biotic functions [37] and helpful in food and feed industry and

affect positively the human health. Given the complex reactive
facets of antioxidant, the LAB antioxidant activities cannot be
evaluated only by a single method. Various test systems
should be used in determining the antioxidant activity to es-
tablish authenticity. In this study, the antioxidant effects of our
strains were observed by different methods, including scav-
enging of hydroxide radicals, DPPH radicals, superoxide an-
ions, and ABTS" radical cation. The ability to resist hydrogen
peroxide and SOD activity was also studied based on their
above mentioned significant selection criteria. We also tested
the antioxidant potential of 23 potential bacteria.

Table 3 Identified LAB isolates

by 16S rRNA gene sequencing Strains ~ Sequence Accession  Highly matched bacteria/accession no. Identity ~ Database
length (bp) no. (%)

27039 850 KX832361  Lactobacillus paracasei strain LP 99 NCBI
8/KR006315.1

27051 857 KX832350  Lactobacillus helveticus strain 100 NCBI
S4/KU198315.1

27100 865 KX832351  Lactobacillus plantarum strain 100 NCBI
AxD/KT852451.1

27103 862 KX832362  Lactobacillus plantarum strain 99 NCBI
PT0018/KX078275.1

27110 855 KX832352  Lactobacillus plantarum strain 99 NCBI
TCP008/KF312679.1

27114 852 KX832363  Lactobacillus plantarum strain 99 NCBI
CSI7/KM513642.1

27116 1000 KX832368  Weissella paramesenteroides strain 99 NCBI
Qcay2an/JQ446496.1

27125 844 KX832353  Lactobacillus plantarum strain 100 NCBI
KLAB4/KM497502.1

27134 858 KX832354  Lactobacillus plantarum strain LOCK 100 NCBI
0991/KP773472.1

27150 858 KX832355  Lactobacillus plantarum strain LOCK 100 NCBI
0991/KP773472.1

27154 1000 KX832372  Lactobacillus paracasei strain 99 NCBI
KL1/CP013921.1

27156 857 KX832356  Lactobacillus plantarum strain 100 NCBI
KLAB4/KM497502.1

27160 856 KX832357  Lactobacillus plantarum strain LOCK 100 NCBI
0991/KP773472.1

27173 834 KX832364  Lactobacillus plantarum strain 99 NCBI
AxD/KT852451.1

27177 834 KX832365  Enterococcus faecium strain IN 3531 99 NCBI
/KC715828.1

27186 1000 KX832371  Lactobacillus plantarum strain 99 NCBI
gp23/KM495865.1

27195 863 KX832358  Lactobacillus plantarum strain 100 NCBI
KLDS/KR336551.1

27197 858 KX832359  Lactobacillus plantarum strain 99 NCBI
Q1/KP792280.1

27201 852 KX832366  Lactobacillus plantarum strain 100 NCBI
YMLO16/KT372707.1

27319 854 KX832367  Lactobacillus plantarum subsp. plantarum 99 NCBI
strain W2/KX261527.1

27320 1000 KX832369  Lactobacillus plantarum strain 99 NCBI
DJ-04/KF929420.1

27321 1000 KX832370  Enterococcus faecium strain 99 NCBI
gp39/KM495940.1

27322 858 KX832360  Pediococcus pentosaceus strain 99 NCBI

LAB2/IN039348.1
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Hydroxyl Radical-Scavenging Assay Hydroxyl radicals are the
most harmful ROS responsible for lipid peroxidation, DNA
damages, and oxidative injury of biomolecules [38]. In the
presence of the hydroxyl radicals, the CFCS of all the LAB
strains included in the study are shown in Table 4. Among the
23 strains tested, L. plantarum 27319 showed the highest
hydroxyl-radical-scavenging ability, and its inhibitory capacity
reached 416.67%. The scavenging effects of L. helveticus
27051; W. confusa 27116; L. paracasei 27154; E. faecium
27321; L. plantarum 27103, 27110, 27125, 27150, 27156,
27160, and 27320; and Ped. pentosaceus 27322 also scav-
enged hydroxyl radical well. The hydroxyl-radical-
scavenging capacity of these isolates is more than 0.025%
ascorbic acid equivalent/mL. Moreover, these strains showed
higher scavenging ability than standard probiotic strain L.
rhamnosus GG (30.5%). Our results agreed well with those
of Wang et al. [39], who also found high scavenging activity

of their L. fermentum toward hydroxyl radicals. The percent
hydroxyl radical scavenging activity was comparable with that
of probiotic L. helveticus CD6 [22]. Evidently, the high scav-
enging ability of hydroxyl radicals of these strains is one of the
potent mechanisms for their increased resistance to ROS.

DPPH Radical-Scavenging Activity The DPPH radicals were
extensively used to evaluate antioxidant activity [40].
Excellent antioxidant activity can be measured via a high per-
centage DPPH radical scavenging. The DPPH-free-radical-
scavenging activity of the CFCS isolate is shown in Table 4.
The strain 27319 displayed the highest radical-scavenging ac-
tivity (39.3%), followed by 27156, 27195, 27197, 27321, and
27322. The free-radical-scavenging activities of these strains
were greater than those of the standard probiotic strain L.
rhamnosus GG (28.24%), indicating that the substances on
the cell surface affect the scavenging activity. The tested

Table 4 The scavenging effect on

free radicals (%) and superoxide LAB strains Hydroxyl DPPH ABTS* Superoxide % Inhibition ~ SOD

dismutase activity of LAB radical anion units
27039 5.88+0.68 19.7+£0.01 37.69+123 71.19 +0.01 149+086  0.53
27051 35.29+0.01 2273 £0.04 4538+0.09 5927+024 12.69+0.12 4.44
27100 17.65+0.23 2626 £0.03 33.08+0.12 86.84 £045 194+0.23 6.79
27103 3824 +045 10.61 £0.02 33.85+0.56 85.18+0.24  2463+0.15 8.62
27110 47.06+0.56 20.71 £0.00 18.46+0.47 8290=0.64  20.89+043 731
27114 8.82+0.22 2222 +£0.00 30.00+£0.65 70.67 £0.11 11.94+£035 4.18
27116 3235+0.21 2222 +£0.00 3846+279 84.04+035 821+024 29
27125 44.12+0.09 17.18 £0.01 36.15+£0.01 77.62+0.09 24.63+0.11 8.62
27134 17.65+0.11 18.18 £0.01 50.00+0.85 73.26 +0.03 18.66+0.34  6.53
27150 38.24+045 11.62 £0.03 5538+0.24 77.51 +0.01 17914£0.56  6.27
27154 64.71+1.89 2727 £0.23 1538+0.05 75.65 +0.01 11.19+£023  3.92
27156 61.76 +£0.11 34.85+0.12 2538+0.57 84.66+0.03 2089+0.12 7.31
27160 85.29+0.34 2222 +£0.06 N/A 84.04 £0.02  23.13+034 8.1
27173 22.86+0.11 12.75£0.04 30.00£2.01 76.68 £0.67  23.13+0.67 8.1
27177 14.29+0.54 279+0.03 31.54£0.06 66.84+0.75 11.94+0.76 4.18
27186 14.29+0.97 6.77£0.12 30.77+£0.56 8342+0.11 N/A N/A
27195 8.82+0.13 3485011 40.77+0.37 80.41 £0.34  2239+£022 7.84
27197 17.65+0.35 30.3£0.04 3923+£096 7731+£0.12 1642+0.12 575
27201 23.53+0.75 859+£0.09 33.85+2.76 78.03+0.15 3.73+0.14 1.31
27319 416.67+5.92 393+0.13  30.77+£0.37 6477 +0.16  14.18+0.15 496
27320 44.44+0.09 22,68 £0.14 3231+0.13  73.77+031  448+0.34 1.57
27321 94.44 +3.94 3291 £0.13  20.77+0.09 7896 +£0.05  N/A N/A
27322 111.11+£524  3419+0.07 26.15+£0.01 67.68 £0.35 1493+0.55 522
L. rhamnosus ~ 30.5+0.86 2824 +0.01 34+0.01 76.56 £0.12  1623+134 565

GG

E. coliDH5x  N/A 1241 £0.01 23.61£0.05 4728+0.16 12.96+0.34 444

Scavenging effect on hydroxyl radicals, DPPH free radicals, ABTS" radicals, superoxide anion radicals, and
superoxide dismutase activity by LAB strains incubated at 37 °C for 18 h

Each value is expressed as mean+S.D. (n =3)

N/A represents no radical-scavenging activity and SOD activity
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strains exhibited high scavenging activities of DPPH and hy-
droxyl radicals. This result was consistent with those obtained
by Gao et al. [24].

ABTS Radical-Scavenging Activity The results of our LAB
were lower than that of the positive control (ascorbic acid).
Eight LAB exhibited the higher ABTS radical-scavenging
activities than the standard probiotic strain L. rhamnosus
GG, namely, 27039, 27051, 27116, 27125, 27134, 27150,
27195, and 27197. Table 4 shows that the high ability to
scavenge the ABTS™ radical cation was all greater than those
of Han et al. [41]. Other results showed that the scavenging
radical activity of L. plantarum C88 decreased because the
substances on the cell surface were removed [17].

Resistance to Superoxide Anions Superoxide anions are the
other linchpin ROS. Superoxide anions can also cause injuries
to biological molecules through oxidative stress [42]. Thus,

we also assessed the resistance of our potential probiotic LAB
strains to superoxide anions. The scavenging ability was con-
firmed as shown in Table 4. Fourteen strains exhibited a scav-
enging effect upon the superoxide anion radical over the stan-
dard probiotic strain L. rhamnosus GG (76%). Furthermore,
27100 and 27103 showed the highest scavenging activity
(Table 4), indicating that these 14 strains exhibit high resis-
tance to superoxide anions. One of the possible mechanisms
of our test strains is their inhibition of lipid peroxidation in
vitro due to the superoxide anion scavenging ability [43].

Superoxide Dismutase (SOD) Activity SOD is an important
enzymatic antioxidant defense mechanism in catalyzing the
dismutation of the superoxide anion into O, and hydrogen
peroxide [44]. Sanders et al. [45] showed the presence of such
major enzyme in Lactococcus sp. for scavenging ROS. The
data on SOD activity of the test LAB strains under investiga-
tion as recorded in Table 4 demonstrates that the SOD level

Table 5 Resistance of LAB

strains at different hydrogen LAB strains Each value is expressed as mean
peroxide concentrations
0 0.4 0.7 1.0
27039 0.81 £0.12 0.096 + 0.016 0.086 + 0.03 0.08 £+ 0.09
27051 0.806 + 0.09 0.12 +0.03 0.089 £ 0.01 0.087 £ 0.09
27100 0.604 £ 0.03 0.125 £ 0.09 0.091 +0.01 0.085 £ 0.11
27103 0.83 = 0.06 0.206 + 0.06 0.091 £ 0.01 0.086 + 0.04
27110 0.868 £ 0.03 0.425 + 0.05 0.092 + 0.03 0.087 + 0.06
27114 0.497 £ 0.01 0.213 £ 0.02 0.092 + 0.03 0.085 + 0.02
27116 0.874 + 0.07 0.442 + 0.01 0.097 £ 0.05 0.088 + 0.05
27125 0.897 £ 0.24 0.473 £ 0.01 0.105 £ 0.07 0.098 + 0.02
27134 0.579 £ 0.21 0.3 +£0.02 0.12 = 0.03 0.095 + 0.01
27150 0.851 £ 0.07 0.497 £ 0.09 042 £0.07 0.087 £ 0.09
27154 0.738 = 0.09 0.098 + 0.09 0.088 = 0.19 0.083 + 0.02
27156 0.788 £ 0.09 0.103 £ 0.12 0.104 £ 0.19 0.084 + 0.02
27160 0.69 + 0.03 0.322 +0.02 0.236 + 0.01 0.086 + 0.01
27173 0.821 £ 0.02 0.113 +0.01 0.099 + 0.39 0.098 + 0.02
27177 0.687 + 0.03 041 £0.02 0.196 £ 0.12 0.079 + 0.05
27186 0.66 = 0.02 0.097 £ 0.01 0.087 +0.43 0.082 + 0.09
27195 0.908 £ 0.12 0.257 + 0.06 0.093 £ 0.12 0.087 £ 0.09
27197 0.846 = 0.11 0.482 £ 0.01 0.098 +0.15 0.091 + 0.31
27201 0.833 £ 0.05 0.363 £ 0.02 0.139 £ 0.14 0.089 £+ 0.29
27319 0.893 £ 0.02 0.467 £ 0.02 0.091 + 0.06 0.089 +0.19
27320 0.921 £ 0.08 0.342 + 0.04 0.104 £ 0.09 0.09 + 0.06
27321 091 +0.05 0.355 £ 0.04 0.093 £ 0.09 0.088 + 0.02
27322 0.87 £ 0.09 0.105 £ 0.29 0.089 £ 0.03 0.091 + 0.04
L. rhamnosus GG 0.867 = 0.09 0.324 £ 0.19 0.098 + 0.09 0.082 £ 0.07
E. coli DH5« 0.5 +0.09 0.045 £ 0.02 0.047 £ 0.09 0.047 £ 0.03

Growth of test strains were determined by measuring absorbance at a wavelength of 600 nm after 8 h incubation at

37°C

The results are expressed as mean+ S.D.; each data point is the average of 3 repeated measurements from 3
independently replicated experiments. (n = 3)
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ranged from 0.53 to 8.62 U. The 27103 and 27125 showed the
highest superoxide dismutase content (8.62 U), closely
followed by 27160 and 27173 (8.1 U). Our results demon-
strated that some of our test isolates, namely, 27103, 27125,
27160, 27173, 27100, 27110, 27134, 27150, 27156, 27195,
and 27197 expressed relatively similar or even higher SOD
activity than that recorded with standard probiotic strains L.
rhamnosus GG (5.65 U). Our data indicate their versatility as
possible biotherapeutics in the administration of oxidative
stress-induced diseases. Nearly, all the cells and cellular or-
ganisms utilize SOD to eliminate superoxide [46]. In this
study, we verified a correlation between the SOD activities
and the metabolites of LAB [47].

Table 6  Antibiotic susceptibility profile of LAB strains

Resistance to Hydrogen Peroxide Compared with hydroxyl
radical, hydrogen peroxide is a feeble oxidant but may lead
to hydroxyl radical that causes hydroxyl radical-mediated-
oxidative DNA damage. We tested the effect of hydrogen
peroxide in the presence of the LAB cells as shown in Table
5. For resistance to hydrogen peroxide, the growth pattern of
test strains was compared with the control. The eight strains
(27039, 27154, 27186, 27051, 27100, 27156, 27173, 27322)
compared with the non-antioxidative strain E. coli DH5 « sur-
vived longer toward H,O, at 0.4 mM concentration for 8 h. At
0.4 mM hydrogen peroxide, 12 strains exhibited a moderate
resistance for 8 h despite variations in the degree of test culture
survival. The L. plantarum 27116, 27125, 27134, 27197,

Strain  Antibiotic

AM P CF CXM CTIX CAZ FEP IPM FOX TC AZI DOX E VAN SXT CM C LZD
Lactobacillus paracasei
27039 S S S S S S S S R S S S S R S S S
27154 S S 1 R I R R 1 R S S S S R S S S
Lactobacillus helveticus
27051 S S 1 S S S R S S S S S S R S S
Lactobacillus plantarum
27100 S I R R R R I S R I R S S R R I S S
27103 S R R R R R R S R I R I S R R R S S
27110 R R R R R R R R R R R R R R R R R R
27114 1 R R R R R R S R I I S S R R I I S
27125 S I R R R R R S R S S S S R R S S S
27134 1 I R R R R R S R R I I I R R R S S
27150 S R R R R R R S R S S I I R R I S S
27156 S R R R R R R S R I I I S R S I S S
27160 S I R R R R R S R S I I I R R I S S
27173 S R R R R R R S R R I R R R R R S S
27195 S R R R R R R S R R R R S R S 1 S S
27197 R R R R R R R R R R R R R R R R R R
27201 S R R R R R R S R R I I I R R R S S
27319 R R R R R R R R R R R R R R R R S R
27320 R R R R R R R R R R R R R R R R R R
27322 S S 1 R R R R I I R R I R S I R S S
Weissella paramesenteroides
27116 R R R R R R R R R R R R R R R I S S
Pediococcus pentosaceus
27186 1 R R R R R R S R R I I R R R R S S
Enterococcus faecium
27177 S S R R R R R R R S R S R R R R S S
27321 1 I R R R R R R R I I S I I R R S 1

Abbreviations: AM, Ampicillin; P, Penicillin; CF, Cephalothin; CXM, Cefuroxime; CTX, Cefotaxime; CAZ, Ceftazidime; FEP, Cefepime; IPM,
Imipenem; FOX, Cefoxitin; TC, Tetracycline; AZI, Azithromycin; DOX, Doxycycline; E, Erythromycin; VAN, vancomycin; SXT, Trimethoprim-
sulfamethoxazole; CM, Clindamycin; C, Chloramphenicol; LZD, Linezolid

Notes: S: susceptible, I: intermedio, R: resistente
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27201, 27319, 27320, and 27321 remained viable for 0.7 mM
hydrogen peroxide (Table 5), closely followed by the refer-
ence strains L. rhamnosus GG. The L. plantarum 27150,
27160, and 27177 were the most resistant strains as can be
reflected from the optical density, which is better than the
standard strain L. rhamnosus GG. This phenomenon demon-
strated that increased concentration of hydrogen peroxide
means decreased survival rate. Our results with regard to hy-
drogen peroxide resistance of LAB isolates are constant with
those of Lee et al. [48]. L. casei KCTC3260 can remain viable
after 7 h of incubation at 0.4 mM hydrogen peroxide [48].
This finding was more than that of L. rhamnosus GG.

Cell Surface Hydrophobicity

The cell surface hydrophobicity of microorganisms is an im-
portant selection standard for the first contact of host cells
[49]. Cell adherence evaluated by the partitioning ratio of
the candidates among aqueous and aromatic (xylene) layers
was calculated in a two-phase system. We found that the H%
values with the most tested isolates showed hydrophobicity
ranging from 50 and 79% (Table 1). The standard probiotic
strain L. rhamnosus GG exhibits a good hydrophobic cell
surface (66.27%). The calculated hydrophobicity value of L.
plantarum 27160, 27186, 27197, L. helveticus 27051, E.
faecium 27177, and Ped. pentosaceus 27322 showed the
highest levels similar to or even better than that of the recog-
nized probiotic strain L. rhamnosus GG. This work revealed
that those strains may be well correlated to the attachment of
bacteria to host cell. These findings agreed well with previ-
ously reported results [25], thereby, indicating that these
strains possessed an adhesive property to epithelial cells.

Safety Properties

Increasing attention has been recently concerned on the links
between antimicrobial utilization in farm animal feeding and

humans [50]. To evaluate safety aspects, the 23 promising
probiotic strains with good antioxidant activities were therefore
tested for antibiotic susceptibility and for hemolytic activity.

Table 6 shows the antibiotic susceptibility patterns of the
strains. All the 23 isolates were assayed for their antibiotic
susceptibility patterns to 18 antibiotics. The tested strains were
sensitive to ampicillin, linezolid, imipenem, chloramphenicol
or in medium sensitive to ampicillin (except L. plantarum
27110, 27150, 27197, 27319, 27320; and W. confissa 27116),
linezolid (except L. plantarum 27110, 27150, 27197, 27319,
and 27320), imipenem (except L. plantarum 27110, 27150,
27197, 27319, 27320; W. confusa 27116, 27177, and 27321),
and chloramphenicol (except L. plantarum 27110, 27150,
27197, and 27320). Thus, isolates L. paracasei 27039, 27154;
L. helveticus 27051; L. plantarum 27100, 27103, 27114,
27125, 27134, 27156, 27160, 27173, 27195; and E. faecium
27177 were selected for further investigation. All tested strains
were known to be naturally resistant to vancomycin, which is
not transmissible because it is chromosomally encoded.
Vancomycin resistance in some Lactobacillus strains is report-
edly not a safety concern [51]. Most of the strains, given that the
L. rhamnosus GG strain were susceptible to tetracycline and
chloramphenicol [27], demonstrate the generally low resistance
of the Lactobacilli species to these antibiotics.

The judgment of hemolytic activity is considered a safety
property in selecting promising probiotic strains (FAO/WHO,
2002). In this study, none of the examined strains exhibited «-
hemolysis and (3-hemolysis activities when grown in 5% sheep
blood agar. None of our strains also showed that hemolytic ac-
tivity is always considered as a safety bioresource, ensuring a
potential probiotic strain [52]. As shown in Table 7, the inci-
dences of translocation to the lymph node, spleen, and liver of
the mice treated with our selected isolates were similar to or
lower than that of the standard probiotic strain L. rhamnosus
GG. Our results indicated that the incidence of bacterial translo-
cation was not significantly different among the groups of select-
ed probiotic strains and those fed with L. rhamnosus GG. Five

Table 7 Incidence of bacterial

translocation to mesenteric lymph Mesenteric lymph nodes Spleen Liver

nodes, spleen, and liver in mice

treated with the selected LAB Serum LB* MRS Serum LB MRS Serum LB MRS

strains (%) (%) (%) (%) (%) (%)
Vehicle 5/5(100) 1/5(20) 4/5(80) 1/5(20) 2/5(40) 0/5(0)
L. rhamnosus 5/5(100) 1/5(20) 3/5(60) 0/5(0) 2/5(40) 0/5(0)

GG

27051 3/5(60) 0/5(0) 2/5(40) 0/5(0) 1/5(20) 0/5(0)
27125 3/5(60) 0/5(0) 2/5(40) 0/5(0) 2/5(40) 0/5(0)
27150 4/5(80) 1/5(20) 3/5(60) 0/5(0) 2/5(40) 0/5(0)
27156 5/5(100) 1/5(20) 2/5(40) 1/5(20) 2/5(40) 1/5(20)
27160 5/5(100) 0/5(0) 3/5(60) 1/5(20) 2/5(40) 0/5(0)

#Serum LB; Lysogeny broth containing 8% heat-inactivated fetal bovine serum
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strains of L. plantarum 27125, 27150, 27156, 27160 and L.
helveticus 27051 were further selected based on the comprehen-
sive selection procedures.

Conclusion

This study showed that five new LAB strains isolated from
traditional Northeast Chinese artisanal cheeses showed good
probiotic potential and antioxidant activity even better than
that of the control strain L. rhamnosus GG. Our results also
indicated that the antioxidative work of the putative probiotic
LAB varied considerably among species and strains. In our
study, we can verify that the antioxidant activities of LAB
cannot be evaluated by only a single method, but various test
systems should be used for the determination of antioxidant
activity to establish authenticity. Moreover, the potential pro-
biotic strains were isolated from food grade samples. Thus,
these strains can be safely used in food, people, and other
animals. Our selected strains can be combined for probiotic
preparation that might also contribute in preventing and con-
trolling oxidative stress-related diseases. These five strains
were the desirable health-promoting bacteria with important
antimicrobial activity and antibiotic susceptibility combined
with prominent antioxidant activity. These results suggest that
these five probiotic candidates can be explored as prospective
antioxidants and be used as a potential antioxidant strain to be
utilized in the development of functional foods and new starter
cultures.
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