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A B S T R A C T

Mud crabs (Scylla paramamosain), a commercially important cultured species in the southeastern region of
China, is usually infected by Vibriosis or parasites, causing great economic losses in cultured farms. Previous
studies have demonstrated that probiotics benefited in enhancing the immune response against invading pa-
thogens in aquatic animals. In this study, the effects of dietary administration of lactic acid bacteria (LAB)
(Enterococcus faecalis Y17 and Pediococcus pentosaceus G11) on growth performance and immune responses of
mud crab were assessed. Both strains (Y17 and G11) showed an inhibitory activity against bacterial pathogens
(Aeromonas hydrophila, Vibrio parahaemolyticus, Vibrio alginolyticus, Staphylococcus aureus, and β Streptococcus),
and a wide pH tolerance range of 2–10. In vivo, mud crabs were fed a control diet and experimental diets
supplemented with 109 cfu g−1 diet either Y17 or G11 for 6 weeks before subjecting to a challenge test with V.
parahaemolyticus for 12 h. The probiotic-supplemented diets had significant effects on weight gain and specific
growth rate during the feeding trial. Increased serum enzyme activities of phenoloxidase, lysozyme, and SOD
were observed in the hemolymph of mud crab in Y17 and G11-supplemented groups compared to that in the
controls (P < 0.01). The significantly up-regulated expression of gene CAT, LYS, proPO, and SOD could be seen
in hepatopancreas in G11-supplemented groups. After the pathogenicity test, the survival rate of Y17 + and
G11 + V. parahaemolyticus groups was 66.67% and 80.00%, respectively, compared with 53.33% for the control
groups. Taken together, dietary supplementation of Y17 and G11 strains were beneficial in mud crab, which
could increase growth performance, modulate immune system and protect the host against V. parahaemolyticus
infection.

1. Introduction

Mud crabs (S. paramamosain) is widely distributed throughout tro-
pical, subtropical and warm areas in the Indo-Pacific region, con-
tributing the important inshore fisheries in many countries [1]. Pro-
duction of mud crab in China reached up to 148,977 tons in 2016,
accounting for 50.87% of all crab aquaculture production [2,3]. Under
culture conditions, mud crab aquaculture is facing disease outbreaks
that cause increasing economic losses and affect the sustainable de-
velopment of the mariculture [4]. In the last decades, control of dis-
eases has been carrying out with the use of chemical drugs, mainly
antibiotics, which have been considered a serious risk due to the

persistence of antibiotic residues in animal tissues and the increase of
antimicrobial resistance [5–7]. The problems, including altering gut
microbiota, damaging living environment, and inducing the emergence
of resistant bacterial populations, have been reported to be involved in
the overuse of antibiotics that lead to unpredictable long-term effects
on public health [8,9]. An alternative to antibiotics is urgently required
for prevention of and/or intervention in disease outbreaks in cultured
aquatic animals. Therefore, probiotic is currently believed to be a re-
liably prospective choice [10].

Probiotics are live microbial or culture product feed supplements
that have beneficial effects on the health of the host when consumed in
adequate doses [11]. Probiotics are known to be beneficial in enhancing
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immune response, competing for nutrition and energy with pathogens,
secreting inhibitory and antibacterial substances (i.e. bacteriocins), and
providing nutrients and enzymatic contributions on their hosts, as well
as improving water quality in an aquaculture system [12,13]. Within
the wide range of probiotics studied, lactic acid bacteria (LAB) have
aroused to be important in recent years. In addition to their historical
role in the preservation of food by their uses as starter cultures under
controlled conditions for food fermentations [7,14], LAB is reported to
be present in the gut microbiota of fishes [15] and shrimps [16]. Sev-
eral LAB strains, including Lactobacillus spp. [17,18], Leuconostoc me-
senteroides [7,17], Lactococcus lactis [19], Enterococcus spp. [20], Ped-
iococcus acidilactici [21], and Pediococcus pentosaceus [22] have been
used as probiotics in aquaculture to increase the immune enhancement,
disease resistance, modulate the gut microbiota and competitive ex-
clusion of pathogens through the production of inhibitory compounds.

Although much has been performed to investigate the roles of
probiotics in growth performance, nutrient digestibility of feedstuff,
and disease resistance of shrimp and fish [7,15,21], little is known for
the application of LAB on mud crab S. paramamosain. The aim of this
study was to evaluate the potential roles of both LAB (E. faecalis Y17
and P. pentosaceus G11) in the growth performance and disease re-
sistance of mud crab. The results of this study indicated that the dietary
supplementation of Y17 and G11 improved the growth rate and im-
mune response of mud crab, which could provide the basic information
for the uses of these LAB as probiotics in mud crab aquaculture.

2. Materials and methods

2.1. Microbial isolations

All animal handling procedures were reviewed and approved by the
ethics committee of the “Regulations for the Administration of Affairs
Concerning Experimental Animals”. The Institutional Animal Care and
Use Committee of Shantou University, China, approved the experi-
ments.

A total of 20 pond-raised healthy mud crabs (average weight
100±3 g) were collected from Shantou, China [23]. The mud crabs
were injected with an LD50 dose of V. parahaemolyticus [4]. After 12 h
immersion infection, the survived mud crabs were euthanized and used
for collecting the whole intestinal tracts. The samples were immediately
homogenized in sterile physiological saline, serially diluted, cultured on
MRS plates and incubated at 28 °C for 2–3 days. Besides, a 10-mL vo-
lume of water from culture pond was collected, serially diluted, cul-
tured on MRS plates, and incubated at 28 °C for 2–3 days. Single co-
lonies with a high frequency of similar appearance were selected and
re-streaked onto MRS plates to obtain pure strains after incubation at
28 °C for 48 h.

2.2. Antimicrobial activity assay

To assess the growth inhibition of the pathogens, a total of 68 iso-
lated strains from the intestine of mud crab were screened.
Antimicrobial activity was determined using the agar-well diffusion
method as described previously [24] with some modifications. A vo-
lume of 100 μL of bacterial suspension was poured into each well of
2216 E plates, previously coated with an overnight culture of A. hy-
drophila, V. alginolyticus, V. parahaemolyticus, S. aureus, and β Strepto-
coccus. Wells filled with 100 μL MRS liquid medium was used as con-
trols. After incubation at 28 °C for 24 h, the diameter of the inhibitory
zone around the wells was measured. The bacteria with stable anti-
microbial activity were stored at −80 °C containing 15% glycerol.

LAB strains (Y17 and G11) were selected to characterize their an-
tibacterial compounds. An overnight suspension culture of strains was
filtered through 0.2mm pore-size filters. The cell-free culture super-
natants were neutralized (pH 7.0 with sterile 5M NaOH) and used for
determination of the antimicrobial activity using the above-described

method [24].

2.3. Microbial identification

The identification of both strains (Y17 and G11) was based on both
traditional and molecular methods. The morphological, physiological,
and biochemical characteristics were characterized using Bergy's
manual of systematic Bacteriology [25,26], and identified by VITEK® 2
compact (BioMérieux, S.A. France) microbial automatic identification
system, and the genotypic identification was conducted using 16S rRNA
gene sequence analysis [27]. A phylogenetic tree of the bacteria was
made using N-J method in MEGA 4.1 package (http://www.
megasoftware.net) [4].

2.4. pH tolerance and sensitivity to antibiotics

Y17 and G11 strains were used for the determination of pH toler-
ance [28]. LB broth was adjusted to pH 2, 3, 4, 5, 7, 9 or 10, using
1mol L−1 HCl or 1mol L−1 NaOH before autoclaving. The media
(100mL) were inoculated with 1mL of an overnight bacterial culture
(containing 108 cfumL−1) and incubated at 28 °C for 12 h, viable bac-
teria were counted with plate count method on LB agar (at 28 °C for
24 h) in triplicate.

For susceptibility testing, the disc diffusion method according to
Kirby-Bauer was used. Susceptibility testing was done on 2216 E agar
plates from overnight cultures followed by incubation at 37 °C for 48 h.
Inhibition zone diameters were measured and interpreted according to
CLSI 2009-11 guidelines [29]. The antibiotics sensitivity discs included
ampicillin (10 μg), amikacin (30 μg), amoxicillin acid (30 μg), cefazolin
(30 μg), ceftazidime (30 μg), cefuroxime (30 μg), chloramphenicol
(10 μg), enrofloxacin (5 μg), erythromycin (10 μg), gentamicin (10 μg),
midecamycin (30 μg), minocycline (10 μg), neomycin (5 μg), oxacillin
(1 μg), penicillin (10 μg), polymyxin B (300 μg), compound sulfa-
methoxazde tablets (23.75/1.25 μg), tetracycline (30 μg), vancomycin
(30 μg).

2.5. Feeding trial and challenge test

2.5.1. Diets preparation
A commercial pelleted feed (43% crude protein, 6% crude lipid)

(Yuehai, Guangdong, China) was used as basal diet. The selected strains
Y17 and G11 were cultivated in MRS broth at 28 °C for 24 h, harvested
by centrifugation, washed twice with sterile saline, adjusted to obtained
suitable concentration, which were then sprayed homogeneously with
commercial feed pellets (set as experimental diets, including Y17- and
G11-supplemented groups, respectively) [30]. The control diets (set as
controls) was also sprayed with the same volume of sterile saline and
stored under the same condition as the supplemented one. All feeds
were dried at 40 °C for 24 h, separately sealed in vacuum-packed bags,
and stored at 4 °C prior to use in the feeding trial [1]. The viability of
supplemented bacteria in the feeds was confirmed each 3 days [31].

2.5.2. The indoor aquaculture and cumulative mortality assay
A total of 180 juvenile mud crabs were acclimatized under the la-

boratory conditions (temperature 27.0 °C, pH 7.95 and salinity 30.0‰)
for 7 days before starting the experiment. Mud crab was fed a com-
mercial diet twice a day. After the time of acclimatization, mud crabs
(initial average weight 28.22 ± 0.60 g, carapace width
5.40 ± 0.07 cm) were individually introduced into polypropylene
tanks of size 40×25×15 cm3 (Xiehou, Xiamen, China) collected to the
same water system. The tanks were supplied with an intermittent
supply at 0.2-L·min−1 of sand-filtered brackish water from a depth of
5 cm for 8 h every day. Twenty tanks each were randomly allocated for
Y17, G11 and control groups, respectively. Mud crabs in three groups
were fed on the corresponding diet twice (07:00 and 17:00) a day for 6
weeks. During the experimental period, water parameters were
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modulated: temperature 26.8–28.8 °C, pH 7.95–8.16, NH3 below
0.05mg·L-1, and salinity 30.0–32.0‰. Feed residues and feces were
removed every day. The exuviate and dead mud crabs were removed,
weighed and recorded daily. After 6 weeks of feeding, 15 crabs of each
treatment were randomly distributed into 3 tanks (80×60×50 cm3).
All mud crabs were exposed to V. parahaemolyticus
(1.38×106 cfumL−1) for 12 h. After the immersion infection, the crabs
were kept under the initial experimental conditions. The cumulative
mortality rate and the survival rate were recorded for 14 days.

2.5.3. Sample collection and immune enzyme analysis
Mud crabs from each experimental group were randomly sampled at

the third/six week point of feeding period, and the 0, 36 and 60 h time
point after immersion infection with V. parahaemolyticus. Mud crabs
were weighed, chilled on ice, and dissected. The hepatopancreas were
quickly collected and put into the liquid nitrogen immediately, and
then stored at −80 °C for subsequent RNA extraction. The hemolymph
(1mL) was withdrawn from the arthropodial membrane at the base of
the third walking legs of each mud crab with a 1mL disposable sterile
syringe needle, and collected in tube containing an equal volume of
precooled sterile anticoagulant solution (30mM trisodium citrate,
0.34M NaCl and 10mM EDTA at pH 7.5 with the osmolality adjusted
with 0.115M glucose to 780 mOsm·lg−1). The hemolymph sample with
an equal of anticoagulant was divided into two aliquots: a part of di-
luted sample was placed in a hemocytometer to measure the total he-
mocyte cells (THCs) using an inverted phase-contrast microscope (Carl
Zeiss, Germany) [4], and the other sample was centrifuged at 800 ×g at
4 °C for 20min to collect the hemocytes sediment, which then used for
RNA extraction using the TRIzol® Reagent (Ambion, USA), the re-
maining supernatant was transferred into an new centrifuge tube,
overnight, and centrifuged at 12,000 ×g at 4 °C for 20min. The serum
was collected for assaying the catalase (CAT), lysozyme (LYS), pro-
phenoloxidase (PPO), and total superoxide dismutase (T-SOD) activities
using commercial kits (Jiancheng, Nanjing, China) and analyzed using
a multi-functional microporous plate detector (Infinite® M200 Pro,
Tecan, Switzerland).

2.5.4. Quantification of immune-related gene expression
Samples of hemocytes and hepatopancreas were used to extract

total RNA using a Trizol reagent (Invitrogen, Carlsbad, CA) according to
the manufacturer's instructions. First strand cDNAs were synthesized
using PrimeScript ® RT reagent Kit with gDNA Eraser (Takara, Dalian,
China) according to the manufacturer's protocols. Four immune-related
genes, including catalase (CAT, GenBank accession number: FJ774660.
1), lysozyme (LYS, 304441008), prophenoloxidase (proPO,
DQ435606.1) and copper/zinc superoxide dismutase (Cu/Zn-SOD,
EF100890.1), were selected to evaluate the immune response of mud
crab upon V. parahaemolyticus stimulation [32]. The real-time PCR
analysis was performed using an SYBR® Premix Ex Taq™ II Kit (Takara,
Dalian, China) on an ABI 7300 Real-time Detection System (Applied
Biosystems, FosterCity, CA) with β-actin as an internal control [4]. The
real-time PCR program was 95 °C for 30s, followed by 40 cycles of 95 °C
for 5s, and 60 °C for 30s. Relative expression of genes was determined
using the 2−ΔΔCt method [23].

2.6. Calculations and statistical analysis

The parameters were calculated as follows [33]:

Survival (%)= 100×Nt / N0

Weight gain (WG, g)=Wt - W0

Specific growth rate (SGR, %·d−1)= 100× (Ln Wt - Ln W0) / t

Where Nt is the final amount of crabs. N0 is the initial amount of crabs.
Wt is the final body weight (g). W0 is the initial body weight (g). Results

were presented as mean ± SE.
The statistical analyses were performed using the Statistical Package

for Social Science software version 17.0 for Windows (SPSS, Chicago,
IL, USA) and GraphPad Prism (GraphPad Prism version 5.0 for
Windows, GraphPad Software, San Diego, CA, USA). All data were
examined by one-way analysis of variance (ANOVA). When the sig-
nificant differences were found (P < 0.05), Duncan's multiple range
tests were used to identify the differences among groups.

2.7. Key resources table

Resource key resources table Source Identifier

Chemical
amikacin
amoxicillin
ampicillin
cefazolin
ceftazidime
cefuroxime
chloramphenicol
EDTA
enrofloxacin
erythromycin
gentamicin
glycerol
HCl
midecamycin
minocycline
NaCl
NaOH
neomycin
NH3
oxacillin
penicillin
polymyxin B
SOD
tetracycline
trisodium citrate
vancomycin
ProteinPeptide
catalase
copper/zinc superoxide dismutase
LYS
lysozyme
prophenoloxidase

3. Results

3.1. Isolation and identification of bacterial strains

Out of 20 V. parahaemolyticus-injected mud crabs, 13 mud crabs
were survived after 12 h post-infection. Totally, 46 and 22 bacterial
strains were isolated from the intestine of the survived mud crabs and
pond water, respectively. Two out of the 68 bacterial strains were coded
as Y17 and G11 exhibited a strong growth inhibition of A. hydrophila, V.
alginolyticus, S. aureus, and β Streptococcus, causing a clear zone of>
20mm in the agar-well diffusion assay (Table 1, Fig. 1). The inhibitory
activity of cell-free culture supernatants was not found to act against V.
parahemolyticus (Table 1). Both Y17 and G11 exhibited no hemolytic
activity (γ hemolytic) on MRS agar. The results revealed that both Y17
and G11 showed a high percentage of hydrophobicity (66.09% and
56.37%, respectively, Table 2). These results confirmed that both Y17
and G11 strains may be used safely as potential probiotics in mud crab.

Both Y17 and G11 were Gram-positive, globular shaped, and fa-
cultatively anaerobic, which showed 0.5–1.0 μm in diameter, occurring
in pairs or short chains (Fig. 2). Colonies of Y17 and G11 on MRS agar
appeared round, translucent, raised, moist, and white, consisting entire
margins, and grow rapidly, attaining a diameter of 1.0–2.0 mm and
2.0–3.0mm, respectively, in 3 days at 28 °C. The strain Y17 was posi-
tive in tests for mannitol, sorbitol, sucrose, lactose, D-mannitol, D-
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ribose, cyclodextrin, tyrosine arylamidase, O/129 resistance, L-aspartic
acid arylaminase, D-galactose, D-sorbitol and D-maltose, which was
distinguished from the strain G11 (Table 2). The results of VITEK® 2
compact system showed that both Y17 and G11 depicted 99% simili-
tude with Enterococcus faecalis and Pediococcus pentosaceus, respec-
tively, reported in the GenBank database, and grouped together to form
a cluster with their own homologs (E. faecalis ATCC 19,433, Genbank
accession number: NR_115,765.1 and P. pentosaceus DSM 20,336,
NR_042,058.1, respectively) (Fig. 3). The results indicated that Y17 was
identified as E. faecalis Y17 and G11 was P. pentosaceus G11 (Table 1).

3.2. pH tolerance and sensitivity to antibiotics

Both Y17 and G11 strains showed a relatively strong resistance to
low pH, which remained viable after a 24-h exposure to pH 2.0 (with a
survival rate of 17.10 ± 0.01% and 2.45 ± 0.01%, respectively)
(Table 3). G11 was not resistant to most of the antibiotics, excepting
ceftazidime and compound sulfamethoxazde tablets, whereas Y17 was
resistant to amikacin, ceftazidime, cefuroxime, gentamicin, mid-
ecamycin, neomycin, oxacillin, polymyxin B, and compound sulfa-
methoxazde tablets (Table 4).

3.3. Probiotics affecting the growth and immune response of mud crabs

The effects of probiotics on the growth performance of mud crab
was evaluated after feeding for a 6-week period of time. At the end of
the feeding trial, a significantly enhanced weight gain was found in
mud crabs fed a G11-supplemented diet (P < 0.05), but not in that fed
with Y17-supplemented diet (P > 0.05), compared to the controls.
Mud crabs in the G11-supplemented group had the highest specific
growth rate (SGR), followed by that in Y17 and control groups. There
was no significant difference in survival rate among the groups
(P > 0.05) (Table 5).

After 3 weeks of feeding, the serum prophenoloxidase (PPO) activity
in both Y17- and G11-supplemented groups was significantly increased
compared to the control groups (P < 0.01). However, the remaining
enzyme activities (CAT, LYS and T-SOD) showed no significant differ-
ence between the probiotic-supplemented groups and the control
(P > 0.05) (Fig. 5A). After 6 weeks of feeding, the lysozyme (LYS) and
PPO activities of serum in both Y17- and G11-supplemented groups
were significantly higher than the control groups (P < 0.01). The total
superoxide dismutase (T-SOD) activity of Y17-supplemented group
significantly increased compared to the control groups (P < 0.05)
(Fig. 5A).

After challenged with V. parahaemolyticus, an increase in catalase
(CAT) and T-SOD activities found in Y17 + and G11 + V. para-
haemolyticus groups were higher than those in controls (P < 0.01). The
increase in serum lysozyme activity was significant for mud crabs in the
G11 + V. parahaemolyticus group (P < 0.01), but not in the Y17 + V.
parahaemolyticus group (P > 0.05), with respect to the control groups.
The PPO concentrations were not significantly different between the
probiotic-supplemented groups and the control after challenged with V.
parahaemolyticus (P > 0.05) (Fig. 5B).

The total hemocyte cell counts (THC) in the hemolymph sig-
nificantly increased in Y17 + V. parahaemolyticus group compared to
the control groups after 36 h immersion infection with V. para-
haemolyticus (P < 0.01) (Fig. 4). Expression levels of the immune-re-
lated genes of mud crabs at 36 h after immersion infection with V.
parahaemolyticus were shown in Fig. 6. An up-expression in Cu/Zn-SOD
(Y17 + V. parahaemolyticus group: 2.9-fold and G11 + V. para-
haemolyticus group: 2.2-fold) and a down-expression in CAT (Y17 + V.
parahaemolyticus group: 0.4-fold) in the hemocyte of mud crabs were
found compared to the controls (P < 0.05) (Fig. 6A). In hepatopan-
creas, a significantly increased expression of CAT (17.3-fold), LYS
(10.3-fold), proPO (6.8-fold) and Cu/Zn-SOD (3.8-fold) in the G11 + V.
parahaemolyticus groups was found, compared to those in controls
(P < 0.01). In hepatopancreas of Y17 + V. parahaemolyticus groups,
with the exception of CAT (2.7-fold), which was significantly higher
than in the control groups (P < 0.01), the expression of all remaining
genes was not significantly different compared to the control groups
(P > 0.05) (Fig. 6B).

3.4. The survival rate

The survival of mud crabs after challenge with V. parahaemolyticus
was shown in Fig. 7. After the pathogenicity test, the survival rate of
Y17 + and G11 + V. parahaemolyticus groups was 66.67% and 80.00%,
respectively, compared with 53.33% for the control groups. The results
showed that the survival rate of mud crabs in G11 + V. para-
haemolyticus groups were significantly (P=0.028) (P < 0.05) higher
than that in the controls.

4. Discussions

A previous study has documented the important roles of probiotics
in aquatic animals, including controlling and inhibiting infectious pa-
thogens, improving growth performance and activities of digestive
enzymes, and enhancing immune responses of the host against

Table 1
Antagonistic activity and identification of Y17 and G11 strains isolated from the
intestine of mud crab.

Strain Y17 G11

Isolated source IS IS
Isolated medium MRS MRS
Strain identification Enterococcus

faecalis
Pediococcus
pentosaceus

Pathogen
inhibition#

Aeromonas hydrophila 21.00 ± 1.00 25.33 ± 0.58
Vibrio alginolyticus 20.66 ± 0.58 27.33 ± 0.58
Staphylococcus aureus 15.00 ± 1.00 19.67 ± 1.50
Beta Streptococcus 14.66 ± 2.31 20.33 ± 1.15
V. parahaemolyticusa 20.66 ± 1.15 24.00 ± 2.00
V. parahaemolyticusb 17.67 ± 2.52 23.67 ± 1.15
V. parahaemolyticusc ND ND

IS: Intestine of surviving mud crab challenged with Vp.
MRS medium: Lactobacillus Agar acc. to De Man, Rogosa and Sharpe.
ND: no inhibitory zone.
#.Data are presented as mean ± SE (n=3).

a Overnight suspension culture tested for the antibacterial activity using an
agar-well diffusion method.

b Overnight suspension culture was filtered through 0.2 mm pore-size filters
and used for testing the antibacterial activity using an agar-well diffusion
method.

c Overnight suspension culture filtered through 0.2mm pore-size filters and
neutralized to pH 7.0 with sterile 5M NaOH, was used for testing the anti-
bacterial activity using an agar-well diffusion method.

Fig. 1. The antibacterial activity against V. parahaemolyticus of Y17 and
G11. Results of the antibacterial activity against V. parahaemolyticus of Y17 (A)
and G11 (B) strains using an agar-well diffusion method.
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pathogens or stresses [34]. LAB with antagonistic activity has been
commonly applied as probiotics for human, mammals and aquatic an-
imals [22,35–39], but the influences of LAB in growth performance and
immune responses of mud crabs are still limited. In the present study, a
total of 68 bacterial strains were isolated from the intestine of survived
mud crab challenged with V. parahemolyticus and from the pond water
using a selective medium for LAB, MRS. Based on the antimicrobial
activity assay, two strains identified as E. faecalis Y17 and P. pentosaceus
G11 were selected for further studies.

Bacteria could be able to produce variety of antibacterial substances
with a wide range of activities. The antagonistic activity of lactic acid
bacteria (LAB) is due to antimicrobial compounds produced by the
bacteria such as lactic acid, hydrogen peroxide (H2O2), diacetyl, re-
uterin, and bacteriocin [40,41]. Lactic acid can disrupt the out mem-
brane of bacteria that causes lysis, whereas bacteriocins are anti-
microbial proteins or peptides synthesized by ribosomes [42] that
initiate pore formation on the bacterial membrane [43]. In this study,
the neutralized-cell free supernatant of both Y17 and G11 did not ex-
hibit a clear zone around the well against V. parahaemolyticus (Table 1).
This finding indicated that the neutralized-cell free supernatant did not
contain an antimicrobial substance such as bacteriocin, which was
consistent with the results of stain Aerococcus NJ-20 [43]. Therefore,
lactic or acetic acid inhibitory substances [41] might be responsible for

controlling or inhibiting the mud crab pathogen bacteria, V. para-
haemolyticus. However, the detailed inhibition mechanism remains
unclear and needs further investigations.

According to FAO/WHO, probiotic microorganisms must be non-
pathogenic and non-toxic and survived in the target niche where it
exerts beneficial effects [44]. The absence of hemolytic activity in a
bacterial strain that is considered as a safety prerequisite for the se-
lection of a potential probiotic strain [45]. In this study, the hemolytic
activities were negative for both Y17 and G11 strains, indicating that
these strains were suitable as probiotics for application in mud crab,
which was consistent with the results of a previous study [46]. It is
reported that most of the antibiotic-resistant genes are plasmid medi-
ated, which could be horizontally transferred from probiotic organisms
to the pathogens [47,48]. Our findings revealed that the G11 strain was
not resistant to most antibiotics tested, while Y17 was resistant to 9/19
kinds of tested antibiotics, indicating that G11 is more effective than
Y17. The results showed that both Y17 and G11 strains were not pa-
thogens causing neither clinical syndrome nor mortality in the mud
crabs exposed to a concentration of 107 cfumL−1 by immersion com-
pared to the controls (data not shown). Taken together, both Y17 and
G11 strains may be used as potential probiotics in mud crab aqua-
culture.

It is known that the ability to adhere to the epithelial cells is one of
the main criteria for selecting probiotic strains [49]. In this regard, the
isolated strains (Y17 and G11) displayed better hydrophobicity values
in comparison to that in the results of previous reports [28], indicating
the potential adhere capacity of both Y17 and G11 to the intestinal
epithelial cells. Furthermore, the tolerance to acid is also important for
the colonization and growth of microorganisms in the gut of the host
[50]. However, there is still no consensus about the precise con-
centration that is accordant for the selected strains [51]. The results of
this study showed that both LAB strains were tolerant of high acidic
(e.g., at pH 2.0), which was consistent with the case of Lactococcus lactis,
isolated from the intestinal tract of marine fish (Paralichthys olivaceus

Table 2
Physiological and biochemical characteristics of Y17 and G11 strains.

Index Y17 G11 Index Y17 G11
Morphology Globularity Globularity D-amygdalin + +
Gram staining + + Alanine-phenylalanine-valine arylaminase – –
Motility – – Leucine arylaminase – –
Hemolytic activity γ γ Alanine arylaminase + +
Starch hydrolysis – – D-ribose + –
Protein hydrolysis – – Novobiocin resistance + +
Egg Yolk Lecithin hydrolysis + + D-raffinose – –
Catalase – – Optochin resistance + +
Mannitol + – Phosphatidylinositol phospholipase C – –
D(+)-Cellobiose + + Cyclodextrin + –
Maltose + + L-Proline arylaminase – –
D(−)-Salicin + + Tyrosine arylaminase + –
Sorbitol + – L-lactate alkalization – –
Sucrose + – Growing in 6.5% NaCl + –
Raffinose – – O/129 resistance + –
Escalin hydrolysis + + D-xylose – –
Inulin + (+) L-aspartic acid arylaminase + –
Lactose + – Phosphatase – –
D-maltose + – D-galactose + –
D-mannitol + – Bacitracin resistance + +
Salicin + + Amylopectin – –
Arginine dihydrolase 1 + + Arginine dihydrolase 2 + +
β-galactopyranosidase – – β- glucuronidase – –
α-galactosidase – – D-sorbitol + –
Urease – – α-glucosidase – –
N-acetyl-D-glucosamine + + D-trehalose + +
D-mannose + + methyl-B-D-glucopyranoside + +
β-galactosidase – – Polymyxin B + –
α-mannosidase – – L-pyrrolidone arylaminase + –
Hydrophobicity (%)a 66.09 ± 3.08 56.37 ± 0.21

γ=Growth, but not hemolytic.
a Data are presented as mean ± SE (n=3).

Fig. 2. Scanning electron micrograph of Y17 (A) and G11 (B).
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and Takifugu niphobles) [19,52]. Previously, it has been discussed that
the potential probiotic strains with high hydrophobicity and less sen-
sitive to acid seems to be survived through the gastrointestinal tract and
potentially colonized in the intestinal surfaces [50]. Therefore, both
Y17 and G11 strains may be considered to be candidate probiotic
supplements in mud crabs. Moreover, dietary supplementation with
G11 improved the weight gain and SGR of mud crab, which was con-
sistent with the case of giant river prawn (Macrobrachium rosenbergii)
inoculated with Lactobacillus [53]. An application of LAB as probiotics
effectively involved in the growth enhancement has been previously
reported in several finfish and shellfish species [22,54–56]. The pre-
vious studies have showed that LAB was capable of increasing the ac-
tivities of digestive enzymes and voluntary feed intake, changing the
production of metabolites, stimulating hydrolysis of non-digestible
substrates, as well as inducing adaptive responses in the intestinal
morphology [54,57].

Both Y17 and G11 strains increased the disease resistance in mud
crabs against a challenge by V. parahemolyticus, showing a survival rate
of 66.67% and 80.00% in Y17 + and G11 + V. parahaemolyticus
groups, respectively. The role of LAB in protecting mud crabs against
bacterial infection is possibly explained by the strengthening the im-
munity system along with the enhancing growth performance, as well
as the better regulation of immune responses antagonizing the patho-
gens in the LAB-fed mud crabs. Previous studies have shown that a
probiotic-supplemented diet is able to regulate both cellular and hu-
moral immune functions of the immunized animals enhancing

resistance against invading pathogens [58,59]. In this study, the serum
enzyme activities and immune-related gene expression profiles in the
hemocytes and hepatopancreas of LAB-fed mud crabs were investigated
in order to evaluate the immune responses of mud crabs after V.
parahaemolyticus infection. T-SOD catalyzes the dismutation of the
highly reactive O2

− to the less reactive H2O2 and belongs to the main
antioxidant defense pathways in response to oxidative stresses [60]. It
has been reported that the CAT/SOD activity or their gene expression
increases parallel to immune-stimulant challenges or pathogen infec-
tions in crustaceans [61]. In this study, LAB significantly improved
serum T-SOD activities and Cu/Zn-SOD gene expression in both he-
mocytes and hepatopancreas of mud crab after an infection with V.

Fig. 3. Phylogenetic analysis using the Neighbor-Joining method based on 16S rRNA gene sequences of Y17 and G11.

Table 3
pH tolerance of Y17 and G11 strains.

pH Survival rate (%)a

Y17 G11

2.0 17.10 ± 0.01 2.45 ± 0.01
3.0 20.26 ± 0.01 7.16 ± 0.01
4.0 20.13 ± 0.01 11.24 ± 0.02
5.0 17.95 ± 0.01 94.55 ± 0.02
7.0 89.39 ± 0.01 100.00 ± 0.01
9.0 100.00 ± 0.01 49.89 ± 0.03
10.0 71.74 ± 0.04 17.08 ± 0.01

a Data are presented as mean ± SE (n=3).

Table 4
Antibiotic susceptibilities of Y17 and G11 strains.

Antibiotic Y17 G11

Inhibition
zone
diameter
(mm)a

Susceptibility Inhibition
zone
diameter
(mm)a

Susceptibility

Ampicillin 29.00 S 33.33 S
Amikacin 0 R 24.00 S
Amoxicillin acid 15.67 S 20.33 S
Cefazolin 13.67 I 24.67 S
Ceftazidime 0 R 13.00 R
Cefuroxime 0 R 29.00 S
Chloramphenicol 21.67 S 25.33 S
Enrofloxacin 15.33 S 25.67 S
Erythromycin 11.00 I 24.67 S
Gentamicin 0 R 23.00 S
Midecamycin 0 R 21.00 S
Minocycline 29.33 S 37.33 S
Neomycin 0 R 20.00 S
Oxacillin 0 R 20.00 S
Penicillin 10.33 I 28.33 S
Polymyxin B 0 R 16.67 S
Sulfamethoxazde

tablets
0 R 0 R

Tetracycline 25.00 S 27.00 S
Vancomycin 17.67 S 16.00 S

S: sensitive; I: moderately sensitive; R: resistance.
a Average number of three measurements (n=3).
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parahaemolyticus.
It has been showed that the host is invaded by a pathogen, an im-

mediate response in the cellular defense is probably caused by mela-
nization, which is the stimulation result of proPO system. Therefore, the
proPO-activating system is an important defense mechanism in in-
vertebrates against diverse pathogens [62]. The previous studies re-
ported that up-regulated transcription of proPO resulted in increased
PO activity in shrimp fed with Lactobacillus plantarum supplemented
diet, which enhanced the resistance against the pathogenic V. algino-
lyticus [63], it is also reported increased expression of proPO in mud
crab with Bacillus subtilis or Bacillus pumilus supplemented diets after
infection with V. parahemolyticus [28], similar resulted was founded in
our research, the expression levels of proPO is significantly increased
fed with supplement G11 after immersion infection with V. para-
hemolyticus.

The absence of lysozyme led to a decrease in hemocyte counts, in-
creased bacterial counts in the hemolymph, and loss of lytic activity,
the bacterial profile in lysozyme-deficient shrimp showed a prolifera-
tion of Gram-negative bacteria [64]. In this study, the serum LYS en-
zyme activity with feed added Y17 or G11 is more higher than the
control group, and the expression levels of LYS is significantly increased
fed with supplement G11 after immersion infection with V. para-
hemolyticus, the serum activity and expression levels of CAT, LYS and
proPO in the LAB-fed mud crabs were higher than that in the control
groups after a bacterial challenge, it seem that with added probiotics to
the feed would produce a better immune response against pathogens
infection, it suggests the major roles of probiotics in strengthening mud
crab immune system, although most of these underlying mechanisms
remain unclear, the findings could provide a sounding ground for future
application of probiotics against V. parahaemolyticus infection in crab
aquaculture.

5. Conclusions

In conclusion, the two LAB strains, E. faecalis Y17 and P. pentosaceus
G11, isolated from the intestine of survived mud crab after challenged
with V. parahaemolyticus, may be used as potential probiotics in mud
crab. The results of this study revealed that the dietary supplementation
of Y17 and G11 improved the growth rate and the immune response of

Table 5
Growth performance of mud crab in Y17- and G11-supplemented groups.

Index Controls Y17-supplemented groups G11-supplemented groups

Final carapace width (cm) 6.07 ± 0.07a 6.47 ± 0.14ab 6.83 ± 0.17b

Final body weight (g) 43.63 ± 1.07a 51.60 ± 3.64ab 54.23 ± 2.21b

Weight gain (g) 37.57 ± 1.01a 45.13 ± 3.49ab 47.40 ± 2.15b

Specific growth rate (%·d−1) 1.04 ± 0.06a 1.43 ± 0.17ab 1.55 ± 0.10b

Values (mean ± SE) were from three groups of the crabs, with different superscripts in rows denoting significantly different (P < 0.05).

Fig. 4. The total haemocyte cell counts (THC) in the hemolymph. The total
haemocyte cell counts in the hemolymph after 0, 36, 60 h after V. para-
haemolyticus immersion infection (n = 3). Asterisks indicate the significant
differences (**P < 0.01).

Fig. 5. Serum enzyme activities in the hemolymph. Serum enzyme activities
in mud crabs in LAB-fed period of a third/sixth week (A) and after 36 h after V.
parahaemolyticus immersion infection (B) (n = 3). Asterisks indicate the sig-
nificant differences (*P < 0.05 and **P < 0.01).
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mud crab. To our knowledge, this is the first report demonstrating an
increased protection against V. parahaemolyticus infection by in-
digenous intestinal LAB bacteria in mud crab. The findings of this study
provide a better information of the future application of the LAB strains
as probiotics in mud crab aquaculture.
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