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Abstract Probiotics are important bacteria due to their
benefit on human health. In this study, four strains of lactic
acid bacteria from chicken bile were isolated and the strain
with the best antimicrobial activity was selected for further
identification and evaluation on its probiotic traits and
safety. The strain was identified as Enterococcus faecium
by biochemical characterization and 16S rDNA gene
sequencing. The strain, named E. faecium MK-SQ-1, was
tolerant to acid (pH 3.0), bile salts (up to 0.3%) or trypsin
(up to 0.4%) for 3 h and it was able to survive from high
temperature (up to 60 °C) for 15 min. This strain inhibited
the growth of Salmonella enteritidis and Staphylococcus
aureus intermediately. The genes responsible for virulence
including asal, cylA, efaA, esp, gelE and hyl were absent
and the mice administrated orally with a very high dose
(2 x 10° CFU) of the strain daily for 35 days were not
found abnormal. The strain enhanced the serum IgG level
and phagocytic index of mice significantly by daily oral
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administration at a high dose (2 x 10® CFU) for 21 days
(p < 0.05). The strain did not have multi-antibiotic resis-
tance and vancomycin resistance. Comprehensive evalua-
tion showed E. faecium MK-SQ-1 could be a candidate as a
probiotic strain used in human or animals.

Keywords Enterococcus faecium - Probiotics - Safety -
Probiotic properties

Introduction

Probiotics are a group of living microorganisms which
confer a health benefit to the host when administrated in
adequate numbers (FAO/WHO 2006). Probiotics can bal-
ance the intestinal flora, interfere with the colonization of
pathogenic bacteria which prevent from mucosal infection,
regulate immunity, and thus improve the health level of the
host (Cross 2002; Servin and Coconnier 2003). Probiotics
have been reported to be tried in treating such diseases as
ulcerative colitis (Floch 2010), acute diarrhea (Canani et al.
2007), antibiotic associated diarrhea (Alam and Mushtaq
2009), colorectal cancer associated diarrhea (Osterlund
et al. 2007), irritable bowel syndrome (Krammer et al.
2005), cholesterolemia (Hlivak et al. 2005), hypertension
(Lye et al. 2009), and so on.

Enterococci are Gram-positive and facultative anaerobic
bacteria and belong to lactic acid bacteria (LAB) for their
ability to produce lactic acid during the growth. They are
widely distributed in animal intestine, water surface, soil,
some plants and fermented food (Gaglio et al. 2016).
Although some strains of Enterococcus are pathogenic to
human or animals, many strains are nonpathogenic and
even some are used as probiotics in medicine, food and
animal feed. Compared with bifidobacteria and most
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lactobacilli, which require strict anaerobic conditions for
growth, the facultative anaerobic enterococci are more
convenient for cultivation. Enterococcus faecium is the
preferred species as probiotic candidate in the genus En-
terococcus. Among the various strains of enterococci pro-
ven to be probiotic potential by far, E. faecium M-T74
(Hlivak et al. 2005) and E. faecium SF68 (Canani et al.
2007) are well known as commercial probiotic strains.

A successful probiotic should be safe and able to resist
the digestive effects of various digestive juices of the host,
colonize in the host digestive tract and conferring health
benefit (Fuller 1989). The candidate bacterial strains should
be analyzed comprehensively on their safety and probiotic
properties. In addition, isolation and screening from vari-
ous sources were needed to increase the chance of
obtaining competent probiotic strains. In this research, a
strain of antibacterial coccus isolated from chicken bile
was identified as E. faecium after biochemical and
molecular assay, and it was named MK-SQ-1. The growth
dynamics, digestive tolerance, antibacterial activity and
safety of the isolate were comprehensively studied, which
provided the evidence for it to be a successful probiotic for
human or animals.

Materials and methods
Strains, reagents and animals

The indicator strain of Salmonella enteritidis CVCC-3377
was purchased from China Veterinary Culture Collection
Center and the strain of Staphylococcus aureus CICC-
23926 was purchased from China Center of Industrial
Culture Collection. The Man, Rogosa and Sharpe (MRS)
agar and broth media, the Mueller-Hinton (MH) agar and
the biochemical assay tubes were purchased from Hope-
biol, Qingdao, China. DNA markers, DNA extract kits and
DNA purification kits were purchased from Tiangen, Bei-
jing, China. Ten 5-month-old indigenous chickens were
purchased from the local farmers market in Tai’an, China.
Kunming mice weighing 18-22 g were purchased from
China Biological Products, Inc., Tai’an, China. All animals
used in this experiment were handled according to the
principles of Shandong Agricultural University Animal
Care and Use Committee.

Isolation of bacterial strains and primary screening

The bile was taken out aseptically from the gall bladders of
the chickens and plated on MRS agar plates with 0.2 ml
per plate. The plates were incubated at 37 °C for 48 h. The
colonies with different morphological features were picked
randomly and purified by streaking on MRS agar. The pure

cultures of the isolates were tested for Gram’s staining and
cell morphology under a light microscope. The isolates
were grown in MRS broth overnight at 37 °C for further
test.

Antibacterial assay was performed on each isolated
colony by the routine method of disc agar diffusion (Bauer
et al. 1966). Briefly, 0.2 ml suspension of indicator strains,
Salmonella enteritidis CVCC-3377 and Staphylococcus
aureus CICC-23926, at the concentration of 1.0 x 108
CFU/ml was coated on the surface of MH agar plates,
respectively. Discs pre-soaked in the overnight culture of
isolated strains were pasted on the surface of MH agar
plates coated with the indicator bacteria before incubated at
37 °C for 24 h. Finally, the inhibition zones around the
discs were measured and presented as the average inhibi-
tion diameter in millimeters. The strain with the best
antimicrobial activity was selected for further study.

Identification of the isolated strain

Physiological and biochemical feature such as utilization of
various sugars, activity of catalase, and growth at 45 °C or
in 7% NaCl were tested in terms of routine ways (Dong and
Cai, 2001). In these tests, bacterial minimum biochemical
reaction tubes (Hopebiol, China) were used according to
the manufacturer’s instructions.

The total genomic DNA of the isolated strain was
extracted using bacterial genomic DNA extract kit (Tian-
gen, China.) according to the manufacturer’s instructions
and the 16S rRNA gene was amplified by using 16S rRNA
universal primers following the procedures described by
Feng et al. (2017). The PCR product was purified and
sequenced (Songon Biotech, Shanghai, China). Then the
sequence was subjected to BLAST in the GenBank data-
base. The strain was identified as E. faecium and named
MK-SQ-1.

Bile salts and acid tolerance test

The resistance to bile salts and acid of the strain was
assayed following the method of Feng et al. (2017) with
minor modifications. Briefly, the inoculum of MK-SQ-1
was individually added to pH 1.0, 2.0, 3.0, 4.0 saline and
the pH 7.0 saline as control at 1% (v/v) and incubated for
3 h at 37 °C. The samples were plated on MRS agar plates
at a tenfold gradient dilution. After incubated for 36 h at
37 °C, the colony forming units (CFU) and the bacterial
survival rate were calculated. Bacterial survival rate
(%) = (log CFU Ny/log CFU Njy) x 100%. N, represents
the treatment groups and N, represent the control. The bile
salts (Songon Biotech, China) was dissolved in pH 7.0
saline as stock solution and prepared for solutions of 0.1%,
0.2%, 0.3%, 1.0% and 2.0% (m/v). The inoculum of MK-
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SQ-1 was added to the solutions at 1% (v/v) and incubated
for 3 h at 37 °C. The survival rate of the strain was
determined with the formula described above.

Trypsin and heat tolerance test

The trypsin (Songon Biotech, China) was prepared for
solutions of 0.4%, 0.8%, 1.2%, 1.6% and 2.0% (m/v) with
0.9% NaCl as solvent. The inoculum of MK-SQ-1 was
added to the solutions at 2% (v/v) and incubated for 3 h at
37 °C. The survival rate of bacteria was determined with
the formula described in 2.4. Heat tolerance was evaluated
according to Paéz et al. (2012), with some modification.
Briefly, the inoculum was diluted with normal saline at 1%
(v/v) and incubated in water bath for 15 min at 37 °C,
50 °C, 60 °C and 80 °C, respectively. The bacterial sur-
vival rate was measured with the formula described in 2.4.

Dynamics of growth and acid production

The dynamics of growth of MK-SQ-1 was studied in the
routine ways (Pellegrino et al. 2019). Briefly, the initial
inoculum of MK-SQ-1 was inoculated into MRS broth and
cultured at 37 °C and the ODgq value was measured every
2 h with the MRS broth as the blank control. The pH value
was also measured at the same time. The growth curve was
drawn with the ODg¢gy value as Y-axis and the time as
X-axis. The acid-producing curve was drawn with the pH
value as Y-axis and the time as X-axis.

Test for surface hydrophobicity

The surface hydrophobicity (H) of the strain MK-SQ-1 was
tested according to the methods described by Solieri et al.
(2014), after slight modification as follows. The MK-SQ-1
culture was centrifuged at 4000 r/min for 10 min and the
bacteria were collected and washed twice with normal
saline. The bacteria were resuspended in normal saline and
the ODsg value of the suspension was adjusted to about
1.00. Two milliliter suspension was fully mixed with 2 ml
xylene on a vortex mixer for 120 s. The water phase was
separated from the organic phase after standing for
180 min at room temperature and measured for the ODsg
value. The surface hydrophobicity was calculated using the
formula below. H (%) = [(Ay — A)/Ap] x 100%. Ay and
A represent the ODsgo value of the bacterial suspension
before mixing with xylene and after standing, respectively.

Virulence genes detection and antibiotics
susceptibility test

Specific primers (Table 1) were used to detect the presence
and absence of virulence genes including asal, cylA, efaA,
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esp, gelE and hyl in the genome of E. faecium MK-SQ-1.
PCR was performed according to the protocol described in
previous report (Lins et al. 2013). The amplified fragments
were observed by 1% agarose gel electrophoresis. The
strain was tested for the susceptibility to 20 antibiotics by
using the method of disc agar diffusion (Bauer et al. 1966).

Testing for effects of MK-SQ-1 on mice immunity

To evaluate the effects of MK-SQ-1 on mice immunity,
30-day-old Kunming mice were randomly divided into 3
groups, 14 per group. Group 1 were orally administrated
0.2 ml of MK-SQ-1 suspension of 1 x 10° CFU/ml every
day for 21 days for each mouse, group 2 were adminis-
trated 0.2 ml of the suspension of 1 x 10° CFU/ml every
day for 21 days for each, and the controls were adminis-
trated 0.2 ml of normal saline. Every administration was
carried out after 3 h of fasting. 1 day after the last
administration, 6 of each group were detected for serum
IgG and IL-2 by using a mouse IgG ELISA kit (Yibang
Biotech, China) and a mouse IL-2 ELISA kit (Yibang
Biotech, China), respectively, according to the manufac-
turer’s instructions. 8 of each group were detected for the
phagocytic index by using carbon particle clearance test
described in previous report (George et al. 2014).

Evaluation of the safety of MK-SQ-1 on mice

To evaluate the safety of MK-SQ-1 on mice, 30-day-old
Kunming mice were randomly divided into 2 groups, 8 per
group. The experimental group was orally administrated
0.2 ml MK-SQ-1 suspension of 1 x 10'® CFU/ml every
day for 35 days for each mouse and the controls were
administrated 0.2 ml of normal saline in the same way.
Each administration was carried out after 3 h of fasting.
The mice were observed every day. One day after the last
administration, the mice were subjected to blood routine
examination and dissected for visceral examination in
terms of routine means (Samtiya et al. 2019). Briefly, the
concentration of red blood cells (RBC), white blood cells
(WBC), hemoglobin (HGB), lymphocytes (LYM), granu-
locytes (GRA) and platelets (PLT) were detected by an
automatic animal blood cell analyzer in the blood routine
examination. The visceral organs including the heart, liver,
spleen, lung, kidney, stomach, small intestine and large
intestine were observed on gross. The tissue sections of the
liver, spleen and kidney were made and subjected to
observation under a light microscope after stained with
hematoxylin and eosin. The hearts, livers, spleens and
kidneys were weighed, and the organ indexes were calcu-
lated. Organ index equals the percentage of the body
weight of the organ.
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Table 1 Primers for virulence

genes Gene Primer (5'-3") Fragment size (bp) Annealing temperature (°C)

asal F: GCACGCTATTACGAACTATGA 375 56
R: TAAGAAAGAACATCACCACGA

cylA F: ACTCGGGGATTGATAGGC 688 56
R: GCTGCTAAAGCTGCGCTT

efaA F: GACAGACCCTCACGAATA 705 52
R: AGTTCATCATGCTGTAGTA

esp F: AGATTTCATCTTTGATTCTTGG 510 56
R: AATTGATTCTTTAGCATCTGG

gelE F: TATGACAATGCTTTTTGGGAT 213 56
R: AGATGCACCCGAAATAATATA

hyl F: ACAGAAGAGCTGCAGGAAATG 276 56
R: GACTGACGTCCAAGTTTCCAA

Statistical analysis

All the data were expressed as mean =+ standard deviation
(SD). Comparisons of data were performed using T test by
SPSS 22.0. Results were considered statistically different at
p < 0.05.

Results and discussion
Isolation and identification of MK-SQ-1

Four colonies with different morphological features were
picked and purified from the total 18 colonies, and all the
four isolates were Gram-positive and like cocci with
spherical or ovoid shape by observation under a light
microscope. The overnight cultures of the isolates were
teste for the antibacterial activity. The inhibition diameter
of one isolate was 11 & 0.82 mm for S. enteritidis CVCC-
3377 and 13 £ 1.37 mm for S. aureus CICC-23926, while
inhibition diameters of the other three isolates were all
below 10 mm for both the indicator bacteria. The strain
with be best antibacterial activity was named MK-SQ-1
and selected for further study. The results of biochemical
assay (Table 2) showed it was a strain of E. faecium based
on the Bergey’s manual of systematic bacteriology, volume
1 (Buchanan and Gibbons 1984). The 16S rRNA gene was
amplified by PCR and a gene fragment of 1469 bp was
amplified. The sequence of the target gene was analyzed
for homology by BLAST in the GenBank and the results
showed that the 16S rRNA gene of MK-SQ-1 was 99.8%
homologous with that of E. faecium INET2 published in
the database. Thus, the isolate was determined to be an E.
faecium.

While the intestinal mucosa and the contents of man and
animals are a recognized source of probiotic candidates
(Ambadoyiannis et al. 2004), the trials to isolate probiotic

Table 2 Results of biochemical test of MK-SQ-1

Items Results Items Results
Aesculin + Mannitol +
Cellobiose + Salicin +
Maltose + Sorbitol —
Saccharose + Raffinose -
Synanthrin + Lactose +
Hippuric acid + Catalase —
Glycerin + 45 °C +
Moveability - NV7.0 +

«

“+” indicates positive, “—
growing in 7.0% NaCl

indicates negative, NV7.0 indicates

potentials LAB from the bile of animals was lack. In
addition, the LAB isolated from bile was expected to be
highly bile tolerant. In this study, 10 gall bladders of
chicken were used and total 18 colonies were found in the
MRS plates, indicating a small number of LAB inhabited
in some gall bladders. Because the antimicrobial activity
may be one of the key characteristics for exclusion of
pathogen survival in the intestine and expression of a
probiotic effect for the host (Collado et al. 2005), all 4
selected isolates was tested for their activities against the
pathogens S. enteritidis and S. aureus. The tested isolates
showed various levels of antibacterial activity. The
antibacterial activity of the strains may be attribute to the
lactic acid they produced during growth. Other antibacte-
rial substance such as bacteriocin was probable to con-
tribute the activity. Many strains of enterococci have been
proved to secrete bacteriocins with strong antibacterial
activities (Juturu and Wu 2018). Further studies are needed
to determine whether the isolates produce bacteriocin and
the types of bacteriocin produced.
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Tolerance to acid, bile salts, trypsin and heat

The tolerance of E. faecium MK-SQ-1 was tested by acid,
bile salts, trypsin and high temperature. The survival rate of
the strain was nearly 90% after staying in the solution with
pH 4.0 for 3 h and decreased to about 80% by staying in
the solution with pH 3.0 for 3 h (Fig. 1a). The strain
showed strong tolerance to bile salts with 90% of survival
rate in 0.3% bile salts for 3 h and kept nearly 50% vitality
in 0.6% bile salts for 3 h (Fig. 1b). The strain was able to
tolerate the hydrolysis of 0.4% trypsin for 3 h and kept
nearly 90% of vitality (Fig. 1c). The heat tolerance tests
showed that the strain kept nearly total vitality in 50 °C
and about 80% of vitality in 60 °C for 15 min (Fig. 1d).
Potential probiotic strains must tolerate the acidic
environments, secretions of bile, pancreatic juice and
intestinal juice in order to successfully pass through the
stomach and small intestine. The pH of the pure gastric
juice is around 2.0-3.0 and the pH of the gastric contents
post food-intake goes up to more than 3.0, which causes
most ingested microorganisms to die (Singh et al. 2012).
The results of this experiment showed that the strain MK-
SQ-1 could tolerate pH 3.0 for 3 h, indicating that it could
pass through the stomach successfully. By the way, it was
recommended that the strain should be taken after meal.
The results match with the reports on different strains of E.
faecium with acid-resistance. (Yoon et al. 2008; Rehaiem
et al. 2014; Ayyash et al. 2018). The H' in the acid
changes cell membrane charge and deactivates various

Fig. 1 The survival rates of E.
faecium MK-SQ-1 after 150+
treatments of acid (a), bile salt
(b) or trypsin (c) for 3 h, or high
temperature (d) for 15 min.
*Indicate significant difference
from control (p < 0.05) and
**indicate very significant
difference from control

(» <0.01)

>

Survival rate (%)

pH value

150 -

100

50

Survival rate (%)

0 0.4% 0.8%
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proteins by entering microbial cell. Common mechanisms
for acid resistance in bacteria are pumping out protons
through F1-FO-ATPase, generation of protective ammonia
from arginine, glutamine and urea, repair or protection of
macromolecules, and biofilm formation (Liu et al. 2015).

In this experiment, the strain MK-SQ-1 was able to
tolerate 0.3% of bile salts for 3 h, indicating that it was
able to survive through the small intestine which is
believed to be with no more than 0.3% of bile salts (Prasad
et al. 1998). This strain presented a higher or similar
resistance level to bile salts compared to other reported
bile-resistant strains of Enterococcus faecium (Yoon et al.
2008; Rehaiem et al. 2014; Ayyash et al. 2018). The high
bile-salts-tolerance of this strain might relate to the fact
that it was isolated from chicken bile. Bile salts can inhibit
the growth of microorganisms in many ways. The main is
that as an emulsifier of lipids, bile salts damage the phos-
pholipid structure of bacterial cell membranes and orga-
nelles (Coleman et al. 1980). In addition to basic barriers
constructed by the bacterial cell wall and cell membrane,
one of the mechanisms of bacterial tolerance to bile salts
depends on bacterial bile salt hydrolase (BSH). BSH
hydrolyzes bile salts to form bile acids, which combines
cholesterol to generate products with low solubility, which
are difficult of entering bacteria. Also, the bacteria with
high BSE have the potential to reduce the host’s absorption
of cholesterol (Bustos et al. 2018; Li 2012). The BSE
activity of this strain could be considered tested in the
further studies.

o)
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b
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Oral probiotics undergo digestion by powerful digestive
enzymes in the small intestine before reaching the large
intestine. In this study, a series concentration of trypsin was
used to test the resistance level of MK-SQ-1 to trypsin. The
strain was able to resist 0.4% trypsin digestion for 3 h,
indicating that it can resist the proteolysis by pancre-
atic enzymes in the contents of intestine. Since 0.1%
trypsin was used to simulate intestinal juice by Fernandez
et al. (2003) in the previous research, 0.4% trypsin could be
considered an overcritical condition for testing resistance
strains. This research demonstrated the low pH in the
stomach has more influences on bacterial survival than the
presence of digestive enzymes in the small intestine, in
accordance with the previous reports (Feng et al. 2017).

Heat-tolerance of bacteria is another property needed to
be tested for probiotic potential evaluation. Not only the
probiotic bacteria must be active under human body tem-
perature, they must also be stable under higher temperature
condition when being processed or packed for commercial
purpose. Therefore, the survival rates at various tempera-
tures of the strain were studied. The results showed during
the 15 min of incubation time, nearly 80% of MK-SQ-1
could survive at 60 °C, indicating that it could tolerate the
moderately-elevated-temperature when being processed or
packed. The heat-tolerance of this strain was close to the
enterococcal strain reported by Tinrat et al. (2018).

Dynamic of growth and acid-producing and surface
hydrophobicity

The growth curve of MK-SQ-1 (Fig. 2a) showed that the
bacteria grew fast between 2 and 8 h post incubation and
kept stable 12 h post incubation. The acid-producing curve
(Fig. 2b) showed that pH value dropped steeply between 2
and 8 h post incubation and dropped slowly after that. The
results of growth and acid-producing test illustrate that the

A 16
1.4
1.2
1.0
0.8

0.6

0OD600

0.4

0.2

0.0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time

MK-SQ-1 reaches the maximum amount between 10 and
14 h post incubation and should be collected during this
period.

The surface hydrophobicity of E. faecium MK-SQ-1 was
34.53% + 1.69% by triplicate testing, meaning that the
strain was middle hydrophobic. Probiotics need to adhere
and colonize on the surface of intestine for their probiotic
effects. The bacteria that adhere to the surface of intestine
avoid being excreted in feces, and at the same time, they
prevent other microbes including pathogens from coloniz-
ing on the surface of intestine. The colonized probiotics
also inhibit the growth of other microbes by taking over the
nutrients and generating inhibitory secretions such as
organic acid and bacteriocin (Juturu and Wu 2018). The
adhesion capacity of bacteria is positively correlated to
their cell surface hydrophobicity, which represents a ben-
efit for bacterial maintenance in the gastrointestinal tract
(Kos et al. 2003). Bacteria with high surface hydropho-
bicity tend to move towards the intestinal wall in order to
avoid hydrophilic electrolytes in the intestinal environ-
ment. The strain MK-SQ-1 had a medium surface
hydrophobicity, suggesting that it has a medium adhesive
capacity.

Effects of feeding E. faecium MK-SQ-1 on mouse
immunity

The mice orally given E. faecium MK-SQ-1 for 21 days
were detected for the phagocytic index, the IgG and IL-2
levels in the serum. The results showed that the phagocytic
index and the IgG level of the high dose group were sig-
nificantly higher than the control (p < 0.05), while the IL-2
level was not obviously increased (p > 0.05) (Fig. 3). All
the three immune indices were not detected significantly
different between the low dose group and the control
(p > 0.05).

—s— MK-SQ-1 —— Control
B 6.0

5.8
5.6
54
5.2
5.0
438
4.6
44
4.2

PH

4.0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time

Fig. 2 Growth curve (a) and acid-producing curve (b) of E. faecium MK-SQ-1
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Fig. 3 Phagocytic index (a), serum IgG level (b) and serum IL-2 level of mice administrated with E. faecium MK-SQ-1. *Indicate significant

difference from control (p < 0.05)

The results in this experiment showed that the strain
MK-SQ-1 regulate the host’s immunity only when
administrated in adequate numbers. It has been reported
that the probiotic E. faecium S68 were able to modulate the
intestinal mucosa and overall immunity of the host (Broom
et al. 2006; Sun et al. 2010). The results in our experiments
agree with these reports on the augment of serum IgG due
to the probiotic administration. It is deemed that the
administrated bacteria stimulate macrophages, dendritic
cells and other immune cells in the Peyer’s patches to
secrete some types of cytokines for activating Th cells and
B lymphocytes which secret some types of cytokines or
antibodies based on the general immune knowledge. The
activation of macrophages could upregulate the phagocytic
receptors for its increased phagocytic capacity. This rea-
soning could explain the augment of IgG and phagocytic
index in our experiments. The non-significant change of
IL-2 level in our experiments was also in accord with the
report by Sun et al. (2010). Why the IL-2 secretion was not
affected positively by the administration of the probiotics
need further study.

Detection of virulence genes, antibiotic susceptibility
and safety test on mice

The results of gene amplification showed the E. faecium
MK-SQ-1 did not contain the genes encoding virulence
factors in enterococcus, esp, cylA, Asal, efaA, gelE and
hyl. The susceptibility of the strain to 20 different antibi-
otics was tested and the results showed that it was sensitive
to amoxicillin—clavulanate potassium, ampicillin, fur-
adantin, phosphonomycin, chloromycetin, cefalexin, cefa-
clor and vancomycin, and resistant to polymyxin B,
norfloxacin, doxycycline, gentamycin, tetracycline, cefa-
lotin, cefotaxime and neomycin (Table 3). The mice were
orally given E. faecium MK-SQ-1 at very high doses for
35 days were observed every day. During the experiment,
the mice were in good spirit, with bright coat color, flexible
movement, smooth respiration, normal diet, normal defe-
cation and urine, and no death. There were no obvious
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ocular lesions in the heart, liver, spleen, lung, kidney,
stomach, small intestine and large intestine by gross organ
examination. Tissue sections of the liver, spleen and kidney
in each group were observed and no significant patholog-
ical changes was found in these organs. The organ indexes
of hearts, liver, spleen and kidney were measured, and no
statistic difference was found between the groups (data was
not shown). The blood routine indices including the con-
centrations of RBC, WBC, LYM, GRA, HGB and PLT
were not significantly different in statistic (data was not
shown) between the groups.

Probiotics should have a health-promoting effect rather
than disease-causing on the host. Genetic tests showed that
the strain did not contain the 6 main virulence genes of
enterococci. The absence of the virulence genes was in
accordance to the results of safety test on mice. Taking the
strain orally for 35 days at a very high dose, the mice were
not found abnormal for the appearance, gross observation
and tissue sections of the main organs, indicating that MK-
SQ-1 was safe to mice. Although some strains of E. fae-
cium are pathogenic to host, lots of strains were reported
safe and probiotic potential to the hosts by in vivo evalu-
ations (Pollmann et al. 2005; Scharek et al. 2005; Broom
et al. 2006; Martin et al. 2012; Zhang et al. 2016), in vitro
evaluations (Yoon et al. 2008; Rehaiem et al. 2014; Ayyash
et al. 2018) or by both (Khalkhali and Mojganic 2018).

The safety of probiotics also involves their antimicrobial
resistance. If probiotics are resistant to most of frequently-
used antibiotics, they can avoid be killed when the host
take the antibiotics. On the other hand, the drug resistant
probiotics could transmit the resistance genes into patho-
gens to generate resistant pathogens, therefore a safe pro-
biotic should not contain multi-antibiotic resistance genes.
In particular, the probiotic enterococci should not contain
the resistance gene to vancomycin, which is the last line of
defense against enterococcal infections. The cases of
infection of vancomycin-resistant enterococci (VRE)
occurred occasionally around the world (Reik et al. 2008;
Reyes et al. 2016) and VRE were reported to be isolated
from meat and some environmental samples (Messi et al.
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Table 3 Susceptibility of E. faecium MK-SQ-1 to antibiotics

Antibiotics Dosage per disc Criterion for R Criterion for I Criterion for S Inhibition zone Result

(ng) (mm) (mm) (mm) (mm)*
Amoxicillin—clavulanate 20/10 <13 13-18 > 18 25 £ 0.15 S
potassium

Ampicillin 10 <16 - > 17 23 + 0.15 S
Polymyxin B 300 <8 8-12 > 12 7 +0.10 R
Furadantin 300 <14 14-17 > 17 24 + 0.20 S
Lincomycin 2 <14 14-21 > 21 20 £+ 0.05 1
Phosphonomycin 200 <12 13-18 > 19 24 £ 0.12 S
Chloromycetin 30 <12 12-18 > 18 19 £+ 0.10 S
Norfloxacin 10 <12 12-16 > 16 12 £+ 0.03 R
Doxycycline 30 <18 18-22 > 22 8 £ 0.05 R
Gentamycin 10 <12 12-15 > 15 10 £ 0.06 R
Tetracycline 30 <14 14-19 > 19 9 4+ 0.10 R
Cefalexin 30 <14 14-17 > 17 18 £ 0.15 S
Cefaclor 30 <14 14-18 > 18 18 £ 0.11 S
Cefradine 30 <14 14-19 > 19 16 £+ 0.05 I
Cefoperazone 75 <15 15-21 > 21 16 £+ 0.12 I
Cefalotin 30 <14 14-18 > 18 9+ 0.11 R
Cefotaxime 30 <16 16-22 > 22 8 +0.03 R
Vancomycin 30 <14 14-18 > 18 19 £+ 0.13 S
Neomycin 30 <17 17-23 > 23 11 £ 0.08 R
Levofloxacin 5 <13 13-17 > 17 14 £+ 0.10 1

S, sensitive; I, intermediate sensitive; R, resistant. *Values are given as mean =+ standard deviation (SD) from triplicate experiments

2006). The isolate E. faecium MK-SQ-1 was sensitive to 8
antibiotics including vancomycin and ampicillin and
resistant to other 8 antibiotics such as tetracycline of the
total 20 tested antibiotics, indicating it was relatively safe
in terms of antimicrobial resistance. Palmer et al. (2012)
divided E. faecium into two distinct clades by based on
whole genome phylogeny. Clade A consists mainly of the
hospital-associated strains and most of them are ampicillin-
resistant. Clade B consists predominantly of isolates from
the feces of healthy individuals and is characterized by
susceptibility to ampicillin. According to this classification,
the strain MK-SQ-1 should belongs to clade B. In order to
ensure the reliable safety, more genes responsible for
antibiotic resistance and virulence should be detected in the
further studied. Nevertheless, the strain MK-SQ-1 was
considered safe based on the acquired data.

Conclusion

A strain of LAB with anti-pathogenic-bacterial activity was
isolated from chicken bile and identified as an E. faecium
using biochemical and molecular methods in this study.
The characteristics of the strain MK-SQ-1 such as acid-

resistance, bile-salts-resistance, trypsin-resistance, heat-re-
sistance and surface hydrophobicity suggested its applica-
tion in food. The further investigation on safety showed the
strain did not contain the main virulence genes of entero-
coccus and did not have pathogenicity to mice. In addition,
the strain was not vancomycin-resistant and multi-antibi-
otic-resistant. Some immune indices of the mice including
serum IgG and phagocytic index were detected elevated
upon adequate administration of the strain. Comprehensive
evaluation showed that the strain has potential as a probi-
otic used in human or animals.
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