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Abstract
Weissella confusa has recently received attention for its probiotic potential. Some W. confusa and Weissella cibaria strains
isolated from fermented foods show favorable probiotic effects. However, the probiotic properties of W. confusa isolated from
giant panda remain unreported to date. Thus, this study isolated aW. confusa strain from giant panda feces and then investigated
its characteristics and probiotic properties. A lactic acid bacteria strain was isolated from giant panda fecal samples. The isolated
strain was screened by in vitro probiotic property tests, including in vitro antimicrobial test, antioxidant test, surface hydropho-
bicity, and stress resistance. On the basis of biochemical identification and 16S rDNA sequencing, the W. confusa strain was
identified as BSP201703. ThisWeissella confusa strain can survive at pH 2 and 0.3% (w/v) concentration of bile salt environment
and inhibit common intestinal pathogens. It also possesses an in vitro antioxidant capacity, a high auto-aggregation ability, and a
high surface hydrophobicity. BSP201703 might serve as a probiotic to giant pandas.
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Introduction

Giant panda (Ailuropoda melanoleuca) is a rare, vulnerable
species that is extremely popular worldwide. As a herbivore
species, giant panda retains a typical carnivorous digestive
system that is easily afflicted by various gastrointestinal dis-
eases [1]. Antibiotics are commonly used in animal disease
treatment, but their negative effects have been gradually rec-
ognized. Therefore, probiotic therapy is an ideal alternative to
antibiotic therapy for treating various diseases, including gas-
trointestinal diseases. Probiotics are live microorganisms that
provide many health benefits, including pathogen growth

inhibition, digestive enzyme secretion, intestinal barrier pro-
tection, and keep intestinal stability [2].

Weissella confusawas first identified by Collins in 1993 [3,
4], which belongs toWeissella spp. which was a kind of lactic
acid bacteria (LAB). W. confusa was isolated from human
clinical specimens, such as blood and feces sample of patients
with bacteremia [5–8]. However, whether W. confusa plays a
role in human infections remains unclear.

Weissella spp. can also be isolated from fermented food and
animal intestinal flora, including in giant pandas. Given that
Weissella cibaria is always present in the early stage of fer-
mentation [9], Weissella spp. may serve as a starter culture.
W. confusa and W. cibaria have recently attracted attention
because of their probiotic properties. Lee et al. [10] showed
that W. confusa isolated from human feces features probiotic
properties. Hyeran et al. [11] found that W. confusa PL9001
can bind to gastric cells and prevent Heliobacter pylori adher-
ence. A previously isolated W. cibaria strain also shows a
probiotic potential in periodontal treatment by controlling
periodontal pathogens and bacteriocin production [12].

These studies prove that W. confusa is a valuable strain to
isolate, screen, and evaluate for its probiotics potential. In the
present studies, we isolated a W. confusa strain from giant
panda feces and evaluate the probiotic properties.
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Materials and Methods

Samples

Fresh giant panda feces from different panda individuals were
collected at Cheng Du Zoo, putted in ice pack, and taken back
to the laboratory. The fecal sample was stored at − 80 °C.

Isolation of Bacteria

Composite fecal samples from different giant panda were ho-
mogenized with sterile normal saline in a constant temperature
shaker at 37 °C for 30 min then diluted by ten-times step
dilution. Diluted sample was spread on deMan-Rogosa-
Sharpe (MRS) agar plates and incubated at 37 °C. After incu-
bation, bacteria in colony were selected to purification.
Preliminary identification of selected strain was measured
through Gram stain and catalase activity.

Catalase activity of selected strain was detected by using
hydrogen peroxide. Purified bacteria colony was moved to a
clean glass slide, hydrogen peroxide was added on glass slide,
and bubble formation was observed. Bacteria colony that gen-
erates bubbles was regarded as catalase positive.

Antimicrobial Assay

Antimicrobial ability of isolated strains was measured by the
method described by reference [13–17] with some modifica-
tions. Six pathogen strains our laboratory preserved before
were adopted in antimicrobial assay to evaluate the antimicro-
bial activity of isolated LAB strains: Escherichia coli
ATCC25922, Salmonella SC06, Staphylococcus saureus
BJ216, Enterotoxigenic Escherichia coli (ETEC) CVCC196,
Shigella flexneri, and Escherichia fergusonii. Each pathogen
was coating on the LB agar plate. After pathogens were coat-
ed, carefully put the oxford cup in surface of the plate, 100 μl
of overnight bacteria culture was putted inside the oxford cup,
the plate was incubated at 37 °C for 12 h, and the diameter of
inhibition zones was measured.

Antioxidant Capacity

Sample Preparation

Selected bacteria strains were inoculated in MRS broth at
37 °C for 24 h, then centrifuged (5000×g, 10 min, 4 °C),
discard the supernatant, resuspend the sediment with sterilized
phosphate buffer solution (PBS, pH 7.4), the concentration
was adjusted to 109 cfu/ml. Cell-free supernatant (CFS) was
prepared by ultrasonication method (4 s, 5 min) at same con-
centration bacteria suspension. After ultrasonication, centri-
fuged at 8000×g for 10 min, collect the supernatant.

DPPH Scavenging Activity

DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging
activity of selected LAB and their cell-free supernatant
(CFS) were examined by the spectrophotometric method de-
scribed by reference [18–20] with somemodification. LAB on
concentration of 109 cfu/ml and same concentration CFS were
reacted with 0.2 mM DPPH solution (dissolved by absolute
ethyl alcohol, freshly prepared). The reaction was left in dark
and at room temperature for 30 min. Absorbance was mea-
sured at 517 nm by the spectrophotometer. Distilled water was
served as negative control. Each sample was performed in
triplicate. DPPH scavenging percentage was computed ac-
cording to the following formula:

DPPH scavenging activity %ð Þ ¼ A0−Að Þ=A� 100%
A0 : Absorbance of negative control
A : Absorbance of sample

Ferrous Ion (Fe2+) Chelation Ability

The ability to chelating ferrous ion of samples and CFS were
determined by using method described by reference [21], 0.5 ml
of suspension (or CFS) was putted in a test tube, mixed with
0.1 ml of FeSO4 (0.4% w/v), 1 ml of NaOH (0.2 M), 0.1 ml of
ascorbate (0.1%,w/v), thenmixturewas incubated at 37 °Cwater
bath for 20 min, in order to precipitate proteins, 0.2 ml of trichlo-
roacetic acid (TCA, 10%, w/v) was added after incubation.
Centrifuged at 3000×g for 10 min, then 2 ml O-phenanthroline
(0.1%, w/v) was added. Reaction for 10 min, distilled water was
served as negative control. Absorbancewasmeasured at 510 nm.
Each sample was performed in triplicate. Chelating percentage
was computed according to the following formula:

Chelating rate %ð Þ ¼ A0−Að Þ=A� 100%
A0 : Absorbance of negative control

A : Absorbance of sample

Superoxide Anion (O2
2−) Scavenging Activity

The ability to scavenge superoxide anion was tested by the
method described by Xing [22] with some modification. First,
0.1 ml of sample or CFS was mixed with 4.5 ml of Tris-HCl
(pH 8.0), incubated at 25 °Cwater bath for 20min, then 0.4 ml
of pyrogallic acid (25 mM) was added, with 5-min reaction at
25 °C water bath, a few HCl (8 M) was added to terminate
reaction, distilled water was served as negative control.
Absorbance at 325 nm was measured. Each sample was per-
formed in triplicate. O2−scavenging percentage was computed
according to the following formula:

Scavenging rate %ð Þ ¼ A0−Að Þ=A� 100%
A0 : Absorbance of negative control
A : Absorbance of sample
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Lipid Preoxidation (ILAP) Assay

The lipid preoxidation ability of bacteria suspensions and CFS
was examined by TBA (thiobarbituric acid) method with
some modifications; 1 ml of linoleic acid and 0.2 ml of
FeSO4, 0.2 ml of ascorbic acid (0.02%, w/v), 0.5 ml of sample
were mixed and incubated at 37 °C for 12 h. Then, 2 ml of the
reaction mixture was mixed with 0.2 ml trichloroacetic acid
(TCA, 4%, w/v) and 0.2 ml of butylated hydroxytolu-
ene(0.4%, w/v), 2 ml of TBA (0.8%, w/v), then the mixture
was reacted at 100 °C water bath for 30 min. After cooling on
ice, 2 ml of chloroform was added for extraction. The upper
extract was obtained and absorbance was determined at
532 nm. Distilled water was served as negative control.
Every sample was performed in triplicate. The inhibition rate
was calculated by using the following formula:

Inhibitioneffect %ð Þ ¼ AS‐ACð Þ=AS

AS : Absorbance of the sample
AC : Absorbance of control solution

Reducing Power Assay

The ability of selected LAB strains and CFS to reduce iron
(III) was examined according to method described by
Fakruddin [21], 0.5 ml of LAB/CFS was mixed with 0.5 ml
of potassium ferricyanide (1%, w/v), 0.5 ml of PBS (0.2 M,
pH 6.6). The mixture was incubated at 50 °C for 20 min. After
incubation, 0.5 ml of 10% trichloroacetic acid was added and
centrifuged at 3000×g for 5 min. Then, 1 ml of upper layer
reaction mixture was mixed with 1 ml of ferric chloride and
1 ml of distilled water, the absorbance was measured at
700 nm, every sample was performed in triplicate. Sample
that has higher absorbance possesses better reducing power.

Hydroxyl Radical (OH−) Scavenging Ability

One milliliter of LAB suspension was mixed with 1 ml O-
phenanthroline (2.5 mM) and 1ml of PBS (0.2M, pH 7.4), with
sufficient mixing, 1 ml of FeSO4 (2.5 mM) and 1 ml of hydro-
gen peroxide was added. After being incubated at 37 °C water
bath for 1 h, distilled water was served as negative control.
Every sample was performed in triplicate. The absorbance was
measured at 536 nm. The scavenging percentage of hydroxyl
radical was computed according to the following formula:

Scavenge %ð Þ ¼ AS−A1ð Þ= A0−A1ð Þ � 100%
AS : Absorbance of sample
A0 : Absorbance of sample changed by distilled water
A1 : Absorbance of hydrogen peroxide changed

by distilled water

Auto-Aggregation

The auto-aggregation ability of selected bacteria was tested
using the method described by Campana R [23] with some
modifications. The bacteria were grown inMRS broth for 16–
18 h and centrifuged at 6000×g for 10 min. Precipitate was
washed twice by distilled PBS, then re-suspended in PBS, and
adjust the absorbance of suspension to 0.5 at 600 nm. The
suspension was incubated at 37 °C for 5 h. Each hour, 1 ml
of the upper phase was removed to measure OD600. Cell auto-
aggregation percentage was calculated by following formula.

Auto‐aggregation rate ¼ 1−A=a0ð Þ � 100%
A : Absorbance of samples

Cell Surface Hydrophobicity

Cell surface hydrophobicity of selected bacteria was measured
bymethod described byYadav R [16], the bacteria culture was
grown in MRS broth for 24 h, and centrifuged at 6000×g for
10 min, then pellets were washed twice in distilled PBS, pel-
lets were re-suspended in distilled PBS, and concentrationwas
adjusted to 109 cfu/ml, measure the absorbance of this suspen-
sion at 600 nm, 3 ml of the suspension was mixed with 1 ml
hydrocarbon (xylene, n-hexadecane, and chloroform).
Incubated at room temperature for 20 min, after separation
of the aqueous phase and the organic phase, the aqueous phase
was carefully removed and the absorbance was measured at
600 nm, percent hydrophobicity was calculated by the follow-
ing formula:

Hydrophobicity %ð Þ ¼ 1−A=A0ð Þ � 100%

16S rDNA Gene Sequencing

After probiotic property test, DNA of selected strain was ex-
tracted as template. The universal primer 27Fand 1492R [24]
were used to amplify the 16S rDNA gene by PCRmethod, the
PCR mixture (25 μl) contained 12.5 μl PCR Master Mix,
9.5 μl ddH2O, 1 μl forward primer, 1 μl reverse primer, and
1 μl DNA sample, performed under the standard PCR proce-
dure. PCR amplicons were checked on 2% agarose gel elec-
trophoresis with golden view; the PCR sample was sent to
BGI to sequencing. According to 16S rRNA sequencing re-
sult, use the BLAST tool at NCBI (http: //www. ncbi. nih.
gov) to compare the sequence similarities. Ten different strains
from BLAST result were selected for phylogenetic analyses.
Phylogenetic tree was established by MEGA5 software.

Probiotics & Antimicro. Prot. (2019) 11:535–544 537



Biochemical Identification

Biochemical identification of selected strains was measured
by biochemical tube following the Bergey’s Manual of
Determinative Bacteriology. The ability to ferment different
sugars of selected strain was tested; other examinations in-
cluding gelatin liquefaction and sulfuretted hydrogen produc-
tion were also determined.

Resistance to Bile Salt

Bile salt resistance of strain X3 and generally accepted
probiotics LGG were tested by the method described by ref-
erence with some modifications [25, 26]. Active cultures of
X3 and LGG were inoculated in MRS broth containing 0, 0.1,
0.2, and 0.3% (w/v) bile salt for 2 h, and after inoculation,
0.5 ml of samples was serially diluted in phosphate buffer
saline, sample of different dilution gradient was plated on
MRS agar plate and incubated at 37 °C for 12 h. Viable cells
were enumerated. No bile salt group was served as control
group. Survival rate in different bile salt concentration was
calculated and compared the tolerance to bile salt of X3 and
LGG.

Resistance to Low pH

Active cultures of strain X3 and LGG were centrifuged at
6000×g for 10 min and discard the supernatant; precipitate
was washed twice in PBS (pH 7.4), then resuspended in
MRS broth on different pH (pH 2, pH 3, pH 7) for 2 h,
0.5 ml of samples was serially diluted in phosphate buffer
saline, sample of different dilution gradient was plated on
MRS agar plate and incubated at 37 °C for 12 h. Viable cells
were enumerated. The pH 7 group was served as a control.
Survival rate in low pH was calculated and compared the
tolerance to low pH of X3 and LGG.

Antibiotic Susceptibility

Antibiotic susceptibility of selected LAB strains was tested by
agar diffusion methods [18]; the antibiotics used in this exper-
iment were ampicillin, streptomycin, neomycin, and vanco-
mycin. Four different concentrations (30 μg/ml, 300 μg/ml,
3 mg/ml, and 30 mg/ml) were tested. Selected strain was coat-
ed on MRS agar plate; plate was punching four-hole use
puncher. Add four different concentrations of antibiotics on
the holes; plate was incubated at 37 °C overnight. Record the
sensitivity or resistance of selected strain. The area shows
inhibition zone record as sensitive, and no inhibition zones
record as resistant.

Results

Bacteria Isolation

A total 48 strains of LAB (Gram positive and catalase nega-
tive) were isolated from MRS agar plate. The strains were
numbered X1 to X48. These 48 LAB strains were initially
screened by antimicrobial activity test.

Antimicrobial Activity

The inhibition zones of all 48 strains are shown in Fig. 1. Except
for X5, X12, X19, and X22, all the isolated LAB strains exerted
different antagonic effects on pathogens. Strains that can inhibit
all six pathogens were selected to further antioxidant assay.

Antioxidant Activity

Probiotics that scavenge free radicals can alleviate oxidative
stress of the human body. In this test, six indexes were chosen
to evaluate the antioxidant property of the selected strains.
After antimicrobial test, seven LAB strains (X1, X2, X3, X4,
X27, X36, and X40) that can inhibit six pathogens were select-
ed. The antioxidant capacities, including DPPH scavenging,
Fe2+chelation, superoxide anion scavenging, lipid
preoxidation, and reducing power and hydroxyl radical scav-
enging capacities of the bacterial suspension and CFS were
measured (Tables 1 and 2). Suspension of live LGG showed
the best DPPH scavenging rate (39.1%), followed by X1

(36.1%) and X3 (30.1%). The superoxide onion scavenging
rate of strain X3 was the best of the test strain (17.1%).
Meanwhile, live cells of strain X27 and X36 did not show
O2

2− scavenging ability. The hydroxyl radical scavenging rate
of X40 was the best (65.9%), followed by X3 (64%). Strain X3

showed best metal ion chelating rate (37.9%), followed by
LGG (37.1%), while those of other strains ranged from 29.7
to 10%. The best lipid preoxidation inhibitory rate was exhib-
ited by X3 (66.4%). Relative to Lactobacillus rhamnosusGG,
X3 possesses a comprehensive antioxidant property; it can
scavenge all types of free radicals. Moreover, CFS has a cer-
tain extent radical scavenge ability. The antioxidant ability of
the whole cell culture was generally better than that of CFS.

Auto-Aggregation

The cell auto-aggregation abilities of the seven strains of LAB
and LGG are shown in Table 3. The selected strains had dif-
ferent auto-aggregation rates after stewing. Strain LGG
reached its maximum auto-aggregation rate (39%) after 5 h
standing. The LAB strains isolated from giant panda feces
also showed good auto-aggregation abilities after 5 h, with
X2 having the highest rate at 28.1% compared with the 7.9
to 25.2% range of the other strains.
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Cell-Surface Hydrophobicity

The surface hydrophobicity of the selected strain is shown in
Table 4. In different hydrocarbons, the selected LAB strains
showed different degrees of hydrophobicity. In chloroform,

LGG showed the best hydrophobicity (44.7%), followed by
X3 (39.1%). The other strains also demonstrated different de-
grees of hydrophobicity ranging from 2.9 to 34.8%. In xylene,
X2 had the best hydrophobicity (31.0%), followed by X3

(25.4%). In cetane, the selected strains showed no significant

Table 1 Antioxidant capacity of
selected LAB and LGG (whole
bacteria cell)

DPPH (%) O2
2− (%) ·OH−(%) RP Fe2+ (%) ILAP (%)

X1 36.1 ± 0.6 10.9 ± 0.7 63.1 ± 0.6 0.082 12.5 ± 0.1 59.4 ± 0.3

X2 – 1.6 ± 0.2 54.2 ± 2.4 0.141 29.7 ± 0.3 49.3 ± 1.0

X3 30.1 ± 0.9 17.7 ± 1.9 64.0 ± 0.6 0.106 37.9 ± 1.7 66.4 ± 2.2

X4 22.0 ± 1.7 4.3 ± 0.2 44.3 ± 0.6 0.165 26.6 ± 0.3 41.2 ± 2.4

X27 19.1 ± 0.1 – – 0.095 18.7 ± 0.8 37.1 ± 1.3

X36 28.0 ± 1.5 – 27.2 ± 0.5 0.090 11.4 ± 0.2 36.5 ± 1.5

X40 28.5 ± 0.7 1.1 ± 0.4 65.9 ± 3.6 0.120 10.0 ± 0.3 21.1 ± 0.4

LGG 39.1 ± 0.4 – 54.0 ± 0.5 0.159 37.4 ± 0.2 32.2 ± 2.6

Values are mean ± SD of three different observations (n = 3)
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Fig. 1 Inhibition zone diameter of isolated 32 strains to 6 pathogens,
values are mean ± SD of three different observations (n = 3). a
Inhibition zone diameter of salmonella SC06. b Inhibition zone
diameter of E. coli ATCC 25922. c Inhibition zone diameter of

staphylococcus aureus BJ216. d Inhibition zone diameter of
Enterotoxigenic Escherichia coli CVCC196. e Inhibition zone diameter
of Shigella flexneri. f Inhibition zone diameter of Escherichia fergusonii



hydrophobicity, with X3 having the highest rate (17.1%),
followed by LGG (16.3%).

16S rDNA Sequencing

On the basis of the results of probiotic property tests, X3 was
selected for 16S rDNA sequencing. The target band of the
strain was checked by agarose gel electrophoresis (AGE).
The PCR product was also sent for sequencing. Blast results
showed that X3 is highly similar to W. confusa strain
JCM1093 (99%). A phylogenetic tree is shown in Fig. 2.

Biochemical Identification

The biochemical identification result of strain X3 is shown in
Table 5. In accordance with Bergey’s Manual of
Determinative Bacteriology, strain X3 was consistent with all
biochemical characteristics of W. confusa.

X3 was identified as W. confusa strain BSP201703 on the
basis of the combined results of 16S rDNA sequencing and
biochemical identification.

Resistance to Bile Salt

The survival rate of BSP201703 at different bile salt concen-
trations is shown in Table 6; on the basis of valuable count,

BSP201703 has a survival rate of 3.3% in a 0.3% bile salt
environment and thus can be generally accepted as a probiotic.
Conversely, LGG could not survive at 0.3% bile salt
concentration.

Resistant to Low pH

The result of survival rate at low pH is shown in Table 6.
BSP201703 has survival rates of 67.78 and 0.32% at pH 3
and 2, respectively. Compared with LGG, BSP201703 has a
much lower survival rate, but could survive at low pH. This
result indicates that BSP201703 has a great chance of adher-
ing to intestinal viscera than LGG because of its tolerance to
acidic environment.

Antibiotic Susceptibility

The susceptibility of BSP201703 to four antibiotics is listed
on Table 7. BSP201703 was sensitive to three commonly used
antibiotics (ampicilin, streptomycin, and neomycin).
Interestingly, BSP201703 was resistant to low concentrations
of vancomycin (30 and 300 μg/ml) but sensitive to high con-
centrations of this antibiotic (3 and 30 mg/ml).

Table 2 Antioxidant capacity of
selected LAB and LGG (CFS) DPPH (%) O2

2− (%) ·OH−(%) RP Fe2+ (%) ILAP (%)

X1 37.5 ± 0.6 3.2 ± 0.3 28.4 ± 1.7 0.04 9.9 ± 0.7 25.0 ± 2.5

X2 34.2 ± 0.2 2.6 ± 1.0 30.1 ± 0.5 0.04 22.7 ± 0.1 7.4 ± 0.4

X3 36.4 ± 0.9 2.1 ± 0.2 17.6 ± 0.5 0.033 12.5 ± 0.4 10.1 ± 0.4

X4 38.0 ± 0.1 – 22.2 ± 0.7 0.045 25.3 ± 0.6 17.3 ± 0.4

X27 39.8 ± 0.1 – 5.9 ± 0.2 0.046 11.9 ± 0.4 12.2 ± 1.1

X36 38.5 ± 0.1 – 21.6 ± 0.8 0.043 12.2 ± 0.6 9.0 ± 1.4

X40 36.8 ± 0.3 – 16.9 ± 0.1 0.059 18.0 ± 0.9 17.0 ± 2.0

LGG 29.9 ± 0.1 2.9 ± 0.4 30.1 ± 0.6 0.047 32.0 ± 0.3 29.8 ± 2.8

Values are mean ± SD of three different observations (n = 3)

Table 3 Co-aggregation rate of selected LAB strain and LGG

1 h (%) 2 h (%) 3 h (%) 4 h (%) 5 h (%)

X1 5.6 ± 0.9 7.3 ± 0.9 7.3 ± 0.9 11.3 ± 0.9 20.1 ± 0.9

X2 15.7 ± 1.7 14.0 ± 1.7 18.7 ± 2.0 19.9 ± 2.7 28.1 ± 1.0

X3 2.8 ± 1.3 4.3 ± 2.1 9.4 ± 1.2 13.0 ± 2.1 25.2 ± 2.1

X4 5.9 ± 0 13.1 ± 1.1 7.2 ± 1.1 7.8 ± 1.9 11.1 ± 2.2

X27 14.4 ± 0.9 16.1 ± 0.9 20.0 ± 1.7 20.5 ± 0.9 21.1 ± 0.9

X36 0.6 ± 0.1 5.2 ± 1.1 4.5 ± 1.1 4.5 ± 0.9 14.4 ± 1.1

X40 6.5 ± 2.1 14.5 ± 1.2 7.9 ± 3.3 7.2 ± 1.2 7.9 ± 1.2

LGG 5.0 ± 1.2 18.4 ± 1.2 21.2 ± 2.1 28.3 ± 1.2 39.0 ± 3.2

Values are mean ± SD of three different observations (n = 3)

Table 4 Surface hydrophobicity of selected LAB in three hydrocarbons

Strain Chloroform (%) Xylene (%) Cetane (%)

X1 22.0 ± 1.0 9.6 ± 1.9 6.2 ± 2.6

X2 38.6 ± 2.6 31.0 ± 1.0 10.5 ± 1.8

X3 39.1 ± 2.2 25.4 ± 1.3 17.1 ± 3.3

X4 23.5 ± 1.1 16.3 ± 1.1 7.2 ± 1.1

X27 21.6 ± 1.9 16.1 ± 0 15.0 ± 1.6

X36 17.6 ± 2.3 2.6 ± 0 9.8 ± 2.0

X40 21.7 ± 0 13.7 ± 3.7 –

LGG 44.7 ± 2.1 15.6 ± 0 16.3 ± 1.2

Values are mean ± SD of three different observations (n = 3)
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Discussion

As a vulnerable species, the giant panda (Ailuropoda
melanoleuca) is considered a Bnational treasure^ in China.
Only about 375 pandas were in captivity in 2013, and 2549
pandas were in the wild in 2015 across the country [27].
Various diseases especially intestinal disease threaten the
health of these captive pandas. Antibiotic therapy is the most
commonly used in animal disease treatment, but this strategy
is limited by its side effects, which include antibiotic resis-
tance and antibiotic resistance gene transfer. Moreover, long-
term use of antibiotics could lead to intestinal micro-flora
imbalance, which could increase the sensitivity of the intes-
tines to enteric pathogens.

Therefore, probiotics have received attention as a potential
replacement to antibiotics. Probiotics applied on animal dis-
ease models show therapeutic effect while avoiding all the
side effects of antibiotics abuse. Lactobacillus plantarum
BSGP201683 isolated from giant panda feces shows protec-
tive effect such as attenuate inflammation and improve gut
microflora on mice challenged with enterotoxigenic
Escherichia coli (ETEC) [1]. Lactobacillus johnsonii BS15
can promote growth performance, lower fat deposition, and
prevent subclinical necrotic enteritis in broiler chickens by
improving lipid metabolism and gut microflora [28, 29].
Therefore, probiotic therapy is a better choice than antibiotic

therapy for disease treatment and health improvement of the
giant panda. Probiotics applied on giant pandas have broad
prospects, and probiotics isolated from giant panda itself
would be better.

Weissella spp. are the dominant microorganisms founded
in the food and intestinal walls of human and animals;
Weissella spp. play an important role in fermentation and
served as a starter culture [9, 30]. Recently, the probiotic po-
tential forWeissella spp. has become research hotspots. Kang
Wook Lee et al. have isolated W. confusa from human fecal
samples and evaluated its probiotic properties. Similar to
probiotics, W. confusa can inhibit pathogen growth and can
tolerate high bile salt concentration and low pH. The survival
rate in 0.3% concentration bile salt of W. confusa strains iso-
lated from human ranges from 2.2 to 128.8%, and its acid
tolerance ranges from 2.4 to 20.2% [10]. Lim et al. [31] have
studied W. cibaria WIKIM28 applied in a mouse atopic der-
matitis model and found that this strain can ameliorate AD-
like symptoms by suppressing allergic Th2 responses.
Monique Suela Silva et al. [12] have evaluated the probiotic
properties of W. cibaria isolated from the Mexican beverage
tejuino and found that the strain does not show a high adhe-
sion capacity to HT-29 cells, but can produce short-chain fatty
acids and exert an antagonistic activity toward pathogens that
contribute to eubiosis. Amandine et al. [32] reported that lactic
fermentation of juice by different lactic acid bacteria,
W. cibaria 64 used in this research can moderate acidification
ability and enhance antioxidant activity. Moreover,W. confusa
strains can produce non-digestible oligosaccharides, mainly
β-dextran, which was applied as prebiotics. Ilkka et al. [33]
have cloned and characterized a dextransucrase gene of
W. confusa VTTE90932 and explored its application in high
fiber-baking. SomeW. cibaria andW. confusa strains can pro-
duce the bacteriocin called weissellin. The bacteriocin pro-
duced by W. confusa A3 shows broad spectrum of inhibitory
effect against Bacillus cereus, E. coli, Pseudomonas
aeruginosa, Micrococcus luteus, Lactococcus lactis, and
Enterococcus faecium [34].

Table 5 Biochemical test result of isolate strain X3

Strain X3 Strain X3

Glucose + Sorbitol +

Maltose + Gelatin –

Raffinose − Rhamnose +

Cellose − Saccharose +

Xylose + H2S produce –

Aesculin + Melibiose –

Lactose − Arabinose –

B+^ means positive, B−^ means negative
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Fig. 2 Phylogenetic tree of strain X3 based on 16S rDNA sequence. The tree was constructed with MEGA5 software package using the maximum
likelihood method



In the present study, we isolated a W. confusa strain and
measured its probiotic properties by performing antimicrobial
test, in vitro antioxidant capacity test, cell surface hydropho-
bicity test, auto-aggregation test, and GI environment resis-
tance test. The antibiotic susceptibility of the strain was also
measured.

Colonization in the intestinal tract is the most important
step for probiotics to develop beneficial effects. Probiotics
should overcome the acidic gastric conditions and bile salt
conditions in the gastrointestinal tract. The small intestine
and the colon contain relatively high concentrations of bile
salt which is toxic to living cells [35]. In the present study,
X3 showed a survival rate of 67.78% at pH 3.0 after 2 h of
exposure. Aside from low pH resistance, X3 could also sur-
vive at 0.3% bile salt concentration. Cell surface hydropho-
bicity and auto-aggregation are important selection criteria for
probiotic screening. Multiple reports have demonstrated that
probiotics with a high surface hydrophobicity and co-
aggregation rate could have a strong adherence to the gastro-
intestinal tract [36–39], which was essential for probiotics to
colonize and play a beneficial role. In the present study, these
two criteria of selected LAB strains were measured. X3 dem-
onstrated strong hydrophobicity in three different organic sol-
vents and high auto-aggregation rate. Therefore, strain X3

shows potential to be a probiotic.

Probiotics keep intestinal health through inhibiting intesti-
nal pathogen growth. In the present study, we have tested the
antagonistic effect on common intestinal pathogens. The 48
selected LAB strains inhibited intestinal pathogens including
E. coli and ETEC. X3 exerted inhibitory effects on all test
pathogens, suggesting its potential to improve intestinal
health. Antioxidant property allows probiotics to relieve body
oxidative stress through various mechanisms, including secre-
tion of antioxidant enzymes and mediation of antioxidant sig-
naling pathways. Previous studies [40, 41] reported that po-
tential probiotics usually possess desirable antioxidant prop-
erties in vivo or in vitro. In the present study, the in vitro
antioxidant properties of the selected LAB strains and their
cell-free suspension were measured. Results showed that the
antioxidant property of full bacteria cell was better than that of
CFS. X3 demonstrated the best in vitro antioxidant property
among all selected strains. Therefore, strain X3 could be con-
sidered as a probiotic.

Antibiotic susceptibility is another concern for bacteria to
be probiotics; bacteria that contain antibiotic resistance genes
may induce horizon gene transfer. In the present study, we
tested the antibiotic susceptibility of strain X3 to four kinds
of antibiotics. Result showed that X3 was sensitive to com-
monly used antibiotics. Therefore, strain X3 could be consid-
ered safe.

Table 7 Antibiotic susceptibility
of select strain X3 and LGG Strain Antibiotics Concentration (mg/ml) Inhibition zones (mm) result

X3 Penicillin 0.03 9.34 S

0.3 12.23 S

3 13.36 S

30 15.45 S

Neomycin 0.03 10.2 S

0.3 11.34 S

3 12.54 S

30 14.44 S

Streptomycin 0.03 10.88 S

0.3 11.42 S

3 13.34 S

30 14.68 S

Vancomycin 0.03 − R

0.3 − R

3 10.76 S

30 12.28 S

R resistant, S sensitive

Table 6 Survival rate of strain X3

under different pH and bile salt
concentrations

pH 2 pH 3 0.1%bile salt 0.2%bile salt 0.3%bile salt

X3 0.81% 67.78% 9.22% 6.66% 3.33%

LGG 24.4% 74.07% 9.0% 2.65% −

B−^ means there have no viable cells
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In conclusion, strain X3, which was identified as
BSP201703, was isolated from giant panda feces and found
to have favorable probiotic properties. However, further re-
search is needed to explore additional functional aspects of
this strain.
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