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In this investigation, we examined how Clostridium butyricum influences the growth,
innate immune reaction, intestinal microbiota, and disease resistance of Scylla
paramamosain. Different concentrations of C. butyricum were sprayed on the feed: 0 (CC),
3.6x104CFU/g (CB1), 3.6x105CFU/g (CB2), 3.6x106CFU/g (CB3), and 3.6x107CFU/g (CB4)
over a period of 42 days. The findings indicated that the final weight and specific growth
rates of S. paramamosain in the CB2 and CB3 treatment groups were significantly greater
compared to the other groups (P <0.05). In compared to the control group, the activities
of alkaline phosphatase (AKP), superoxide dismutase (SOD), total antioxidant capacity
(T-AOC) and intestinal lipase (LPS) were all elevated, with significant improvements
noted particularly in the CB3 group (P < 0.05). Furthermore, the relative expression levels
of the IL8 and TNF-a genes in the CB2 and CB3 groups, as well as the GPx3 and SpPO
genes in CB3 and CB4 groups were markedly elevated compared to the other groups (P<
0.05). Incorporating 3.6x106CFU/g of C. butyricum into the diet improved the variety of
the gut flora in S. paramamosain. Functional analysis conducted through KEGG Pathway
Level 2 indicated that the experimental group had a greater abundance of
metabolic-related pathways than the control group, with the CB3 group displaying the
highest levels. In conclusion, including an appropriate level of C. butyricum within the
dietary composition can foster the growth of S. paramamosain, enhance the diversity of
gut microbiota, and improve immune function; the optimal concentration identified was
106 CFU/g in the feed.

INTRODUCTION bolstering immune responses, and contributing to host di-
gestion through nutritional support.>

The frequent development of viral and bacterial infections Probiotics are essential for preserving the equilibrium of
in the aquaculture process jeopardizes the crab farming the gut mlc.rob1omei, boos'tmg lmémune function, and pro-
industry’s long-term survival.l2 At present, aquaculture tecting against various diseases.® Common types of pro-
farmers predominantly utilize antibiotics for disease pre- biotics include bacillus, lactic acid bacteria, bifidobacteria,
vention and treatment in their operations.3 Although an- and yeasts. These beneficial microbes are found in foods,
tibiotics can reduce the incidence of diseases to a certain .supple;n;ent& and the gut mlCTOb}Ota_ of human§ afld an-
extent, their excessive use has been associated with a rise in 1m'als. ’ 'In'aquaculture,.the application Of prOt_’IOUCS has
bacterial resistance.# Given the deleterious consequences 8ained significant attention. These beneficial microorgan-
of antibiotic misuse, there has been a shift in focus towards isms can be introduced either as feed additives or directly
the utilization of probiotics as a potential substitute for 1nto_the'aquajac environment, where they Improve water
antibiotics in mitigating these negative effects. Recently, ~duality, inhabit the reproduction of harmful bacteria, and
the employment of probiotics in aquaculture has garnered foster the overall health and growth of aquatic species.? For
recognition for its multifaceted benefits, which include en-  instance, lactic acid bacteria, bacillus species, and yeasts

hancing growth performance, curbing disease incidence, ~ar® widely used in the farming of shrimp, fish, and shellfish.
Prior studies have shown that the application of probiotics
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in crab culture can significantly enhance growth, stimulate
the immune system, and exert control over diseases.!0 Pro-
biotics have been shown to augment microbial diversity in
the aquaculture ecosystem, thereby strengthening the dis-
ease resistance of aquatic species, diminishing the reliance
on antibiotics, and mitigating environmental pollution.!!

C. butyricum is a Gram-positive, anaerobic bacterium ca-
pable of forming endospores and is widely recognized for
its probiotic properties, particularly its capacity to generate
short-chain fatty acids (SCFAs), with butyric acid being the
most notable. This microorganism is instrumental in pro-
moting the reconstitution and renewal of intestinal epithe-
lial cells, as well as in maintaining a balanced intestinal mi-
croecological environment.!2 Research has indicated that
butyric acid is capable of elevating growth rates and en-
hancing disease resistance in organisms.!3 Within the do-
main of aquaculture, C. butyricum has gained significant at-
tention as a key probiotic, effectively ameliorating growth
performance, augmenting feed conversion efficiency, ele-
vating antioxidant defenses, and modulating the immune
system in aquatic species. For instance, the admixture of
1.5 x 10% CFU/kg of C. butyricum in food of largemouth
bass resulted in notable improvements in growth, antioxi-
dant capacity, and resilience to hypoxic stress.14 Similarly,
research demonstrated that supplementing the diet of Pe-
naeus vannamei with 1011 and 1012 CFU/kg of C. butyricum
led to significant improvements in growth performance and
immunocompetence.!® Additionally, Bi reported that in-
corporating 107 CFU/g of C. butyricum H129 into the diet
of turbot (Scophthalmus maximus) positive influence.l® In
vitro fermentation experiments carried out with the intesti-
nal contents of mud crabs indicated that C. butyricum G13
notably enhanced the generation of butyric acid and had a
positive impact on the abundance and diversity of the gut
microbiota.l?

The mud crab, Scylla paramamosain, holds substantial
economic value in the aquaculture industry.!8 However, in
the current aquaculture process, the disease problem has
always been a serious challenge. Among them, Vibrio in-
fection is one of the common diseases in mud crab breed-
ing. After infection with Vibrio, the mud crab was slow or
even stagnant, the food intake decreased significantly, and
eventually died of exhaustion due to physical deteriora-
tion. And the effects of different concentrations of com-
mercial C. butyricum on the health of S. paramamosain have
not been reported. This study aims to fill that void by ex-
amining how different concentrations of C. butyricum in-
fluence key aspects of mud crab biology, including growth
rates, immune response, gut microbiota balance, and re-
silience against Vibrio parahaemolyticus infections. The in-
sights gained from this research will provide crucial di-
rection for employing C. butyricum to optimize mud crab
farming, thereby laying the foundation for more enduring
and effective aquaculture practices.
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Table 1. Approximate makeup of the foundational
diet.

Nutrients Percent (%)
Crude protein 248.0
Crude lipid 26.0

Crude fibre <6.0

Crude ash <18.0

Total phosphorus >1.0

Lysine 22.7
Moisture <120

MATERIALS AND METHODS

EXPERIMENTAL STRAINS AND DIETS

The Clostridium butyricum isolate employed in this research
was sourced from Guangzhou Xinhailisheng Biotechnology
Co., Ltd., China. The minimum bacterial concentration
recorded was 8x108CFU/ml. The commercial feed sourced
from Zhuhai Puleduo Aquatic Feed Co., Ltd. was used as the
basic diet (Table 1). In the process of formulating the ex-
perimental diets, the concentration of the original bacter-
ial solution was determined by the plate coating method,
and it was diluted according to the required concentration
and sprayed on the basic feed. Stir with a spoon to ensure
that the bacterial solution is evenly distributed on the feed
surface and then dried. The control group (CC) was fed the
unaltered base diet. In contrast, the experimental groups
received the base diet supplemented with C. butyricum at
concentrations of 3.6 x 104CFU/g(CB1), 3.6 x 105 CFU/
g(CB2), 3.6 x 10 CFU/g(CB3), and 3.6 x 107 CFU/g(CB4) re-
spectively.

EXPERIMENTAL ANIMAL

From a crab breeding site in Taishan, Guangdong Province,
China, healthy mud crabs weighing 16 = 1g were acquired.
The crabs were kept in tanks with a temperature of 22 + 1°C,
a salinity of 8%., and a dissolved oxygen content of 9.0 +
0.5 mg/L for a week before the experiment started. Follow-
ing a brief period of feeding, 255 healthy mud crabs were
split into five groups at random and kept in an aquarium of
50 x 30 x 40 cm with identical circumstances. The feed was
fed once in the morning and once in the evening, 3% of the
body weight was fed each time, and the feed was continu-
ously fed for 42 days. In order to ensure that the water qual-
ity was always maintained at a high level, it was replaced
every three days.

SAMPLE COLLECTION

After completing the feeding trial, the mud crabs were kept
fasting for 24 hours. The crabs were then weighed, and the
number in each tank was totaled. From each group, twelve
crabs were chosen at random. Hemolymph was drawn using
syringes that had been pre-treated with anticoagulant. Fol-
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lowing centrifugation at 4°C and 8000g for 15 minutes, the
serum was obtained and promptly kept at -80°C for sub-
sequent enzyme activity testing. After blood sampling, the
exterior of each crab was gently cleaned with a cotton ball
soaked in 75% alcohol. The crab was then dissected and its
intestine was extracted. A portion of the intestine was im-
mersed in RNAlater solution to assess intestinal gene ex-
pression levels. In order to analyze the intestinal micro-
biota and enzyme activity later, the remaining piece was
quickly refrigerated at -80°C. The hepatopancreas was
aseptically excised and kept at -80°C for enzyme activity
testing.

GROWTH PERFORMANCE

Calculations were utilized to determine the weight gain
rate (WGR), specific growth rate (SGR), and survival rate
(SR):

WGR (%) = [100x(final body weight-initial body
weight)/initial body weight]

SGR (%/day) = 100 x [Ln (final individual weight)-Ln (ini-
tial individual weight)] /number of days

SR (%) = 100 x (finial number of crab)/ (initial number of
crab)

BIOCHEMICAL INDICES ANALYSIS

Weigh 0.1 g of intestine and hepatopancreas tissues, add
physiological saline at a proportion of 1:9, and homoge-
nize. Lipase (LPS), a-amylase (a-AMS) in the intestine, al-
kaline phosphatase (AKP), superoxide dismutase (SOD) and
total antioxidant capacity (T-AOC) in the hepatopancreas,
and aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) in the serum were detected by kit (Nan-
jing, China).

GENE EXPRESSION ANALYSIS

The extraction of RNA from the intestines of mud crabs was
conducted utilizing RNAiso Plus (Takara, Japan) in accor-
dance with the manufacturer’s guidelines. The RNA sam-
ples were subsequently subjected to 1.0% agarose elec-
trophoresis analysis and their concentrations were
measured at 260 and 280 nm using the Nanodrop 2000
spectrophotometer (Nanodrop Technologies, Wilmington,
DE, USA). Single-strand cDNA was synthesized using the
PrimeScript RT reagent Kit (Takara, Dalian, China), follow-
ing the detailed instructions provided by the manufacturer.

QRT-PCR was utilized to determine gene expression lev-
els in the colon, including IL8, TNF-a, GPx3, PO, P53, and
GST. SYBR Premix Ex Taq II (Takara) was used for Real-
Time PCR using the gTOWER Real-Time PCR Thermal Cy-
cler (Analytik Jena, Germany). The experiment was re-
peated three times. The gene expression level was
calculated by the 2-**Ct method with the 18S rRNA gene as
an internal reference. The primer sequences were shown in
Table 2.
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DETERMINATION OF INTESTINAL FLORA OF S.
PARAMAMOSAIN

Genomic DNA was isolated from the intestinal microbial
community and verified via 1% agarose gel electrophoresis.
The amplification of the V3-V4 hypervariable region of the
16S rRNA gene was carried out with the 338F and 806R pro-
prietary amplification system methods. The PCR outcomes
from the identical sample were pooled and analyzed using
2% agarose gel electrophoresis. After that, they were re-
trieved with the employment of the AxyPrep DNA gel re-
covery kit (AXYGEN business) and eluted with Tris-HCI so-
lution before being electrophoresed again on 2% agarose
gels. According to the preliminary quantitative findings ob-
tained by gel electrophoresis, the products of PCR were fur-
ther measured using the QuantiFluor™™-ST blue fluores-
cence quantitative system (Promega). The outcomes were
then combined in the correct amounts to meet the sequenc-
ing requirements of each sample. Meiji Biomedical Tech-
nology Co., Ltd., based in Shanghai, China, sequenced the
amplified products using the Illumina HiSeq platform.

CHALLENGE TEST

Vibrio parahaemolyticus strains were sourced from the Dis-
ease Laboratory of South China Sea Fisheries Research In-
stitute, Chinese Academy of Fishery Sciences. The experi-
mental group was fed with a diet rich in 3.6 x 10® CFU/g
C. butyricum, and the control group was fed with normal
diet for 30 days. Following the food intake test, 50 crabs
were randomly chosen from experimental groups and the
control group, respectively, and divided into 5 replicates,
10 crabs in each replicate, for challenge test. The concen-
tration of V. parahaemolyticus was ascertained to be 1x107
CFU/ml by the spread plate technique. Each crab was in-
jected with 0.1 ml of live Vibrio parahaemolyticus at the
base of its swimming leg. The hemolymph was collected at
12, 24, 48, 72, 96, 120, and 144 hours after challenge. These
samples were diluted and cultured on nutrient agar plates
at 28°C for 12 hours, after which the colony counts were de-
termined. Concurrently, the survival rate of the crabs was
monitored and documented at 12hour intervals, and a sur-
vival curve was constructed based on these data.

ANALYSIS OF DATA

All the experimental data were presented as means + SEM.
Statistical analysis was conducted utilizing SPSS 26.0. The
significance of differences among the control and treatment
groups was assessed via ANOVA. Survival analysis out-
comes were visualized using GraphPad Prism software. Sta-
tistical significance was set at p < 0.05.

RESULTS

GROWTH PERFORMANCE
When C. butyricum was incorporated into the feed, S. para-

mamosain gained more weight and had faster specific
growth rates than the control group. They initially grew,
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Table 2. The primer sequences used in real-time fluorescence quantification in this experiment.

Primer name Primer Sequence (5’-3") Reference
SpPO-F ATGAAAGAGGAGTGGAGATG Yue et al.
SpPO-R GTGATGGATGAGGAGGTG
P53-F AAGCAAGTCAATGAACGCTATGTG
P53-R AATGGGCTGCGAAGGACG
GST-F CACAGCCCATTCGCCTCC
GST-R GGTCATACTTGCGTCCCAGATAG
GPx3-F TCTGTTACCGCTGGTGGCTG
GPx3-R TGTGAACCGTTTAGTGTTTTGGC
TNF-a-F GGGGACAAACTGTGGACTGA
TNF-a-R GAAGTTCTTGCCCTGCTCTG
IL8-F GAATGTCAGCAGCCTTGTC
IL8-R TCCAGACAAAYCYCCYGACCG
18SrRNA-F CCTCGTTCATGGGAGACAAT
18SrRNA-R CTAGTCGACGGATCTCCAGC
Table 3. Impact of C. butyricum diet on growth and survival rates of crabs.
Initial weight (g/crab) Final weight (g/crab) WGR (%) SGR(%days) SR (%)
cC 16.050.32 18.040.94b 11.94£3.91b 0.2620.08P 44.44£16.67
CB1 16.40+0.26 21.23+1.30P 29.10+6.71P 0.59+0.12b 40.74+12.11
CB2 16.73+0.08 26.20+3.092 56.40+18.212 0.97+0.252 47.22+11.79
CB3 17.03+£0.19 27.28+3.512 60.98+21.402 0.96+0.312 38.89+8.33
CB4 16.56+0.17 24.99+2.83P 50.17+16.11P 0.88+0.27P 46.30+16.20

Values in the same column that lack superscripts or share identical superscripts indicate no significant difference. (P >0.05) (n =3).

then reduced as the concentration of C. butyricum in-
creased. Notably, the CB2 and CB3 groups outperformed
the other groups in terms of weight increase and specific
growth rates. (P < 0.05, Table 3).

EFFECT OF C. BUTYRICUM ON ENZYME ACTIVITY OF
THE S. PARAMAMOSAIN

Figure 1 depicts the impact of introducing C. butyricum
into the meal on crab non-specific immunological mea-
sures. Following C. butyricum treatment, lipase (LPS) activ-
ity in S. paramamosain’s gut was higher compared to the
control group, initially rising and then declining as C. bu-
tyricum concentration increased. The LPS activity in CB2
and CB3 groups was considerably greater than in the other
groups. (P < 0.05; Figure 1G). As for the amylase (AMS) ac-
tivity in the gut, it also elevated after feeding C. butyricum,
with the CB3 group exhibiting the highest activity. How-
ever, differences across the groups were not statistically
noteworthy (Figure 1H).

In S. paramamosain, the level of activity of antioxidant-
producing enzymes dramatically increased following di-
etary intake of C. butyricum (P < 0.05). As the concentration
of C. butyricum increased, the activities of superoxide dis-
mutase (SOD) and total antioxidant capacity (T-AOC) ini-
tially increased and then decreased. Notably, compared to
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the other groups, the CB3 group’s activity levels were no-
ticeably higher (P < 0.05; Figure 1A, B).

Incorporating C. butyricum into the diet led to a rise in
alkaline phosphatase (AKP) activity within the hepatopan-
creas of S. paramamosain with the increase of the concen-
tration. The AKP activity in the CB3 and CB4 groups was
notably elevated than that of the other groups (P<0.05).
Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels fell initially and then in-
creased as C. butyricum concentration increased. Specifi-
cally, the CB3 group showed markedly lower ALT activity
than the control group, whereas the CB4 group had signifi-
cantly elevated AST activity relative to the others (P< 0.05;

Figure 1C, D and F).

EXPRESSION LEVELS OF INTESTINE IMMUNE RELATED
GENES

After 42 days handled with C. butyricum in the diet, alter-
ations in the expression of intestinal immune genes in mud
crabs were observed. The expression levels of IL8, TNF-q,
GPx3, GST, P53 and SpPO genes in the intestinal of crabs
across various treatment groups were illustrated in Figure
2. The expression levels of IL8 and TNF-a rose in tandem
with the increasing concentration of C. butyricum. Notably,
compared to the control group, the expression levels in the
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Figure 1. Effects of dietary C. butyricum levels on antioxidant, immune and digestive related enzyme activities of

S. paramamosain.

CB3 and CB4 groups were much elevated (P<0.05). The ex-
pression levels of GPx3 and SpPO genes increased first and
then declined as the quantity of C. butyricum increased, and
the expression levels in the CB3 group were considerably
greater than those in the control group (P<0.05). The ex-
pression of GST in the intestine of crabs after adding C. bu-
tyricum was notably less than that of the control group ex-
cept for CB3 group (P <0.05). The addition of C. butyricum
exerted little influence on the expression of P53 gene in the
intestine of mud crab.

MICROBIOTA COMMUNITY CHARACTERIZATION IN THE
INTESTINE

A comprehensive analysis of the gut microbiota from 15
samples yielded a total of 1,740,226 sequences, averaging
116,015 sequences per sample. The microbial diversity was
extensive, encompassing 12 phyla, 18 classes, 45 orders, 68
families, 116 genera, and 138 species of gut microorgan-
isms. The Chaol and ACE indices increased initially before
decreasing as the concentration of C. butyricum in the feed
went up, with the CB3 group showing the highest values.
The CB3 group had a higher Shannon index than the other
groups but a lower Simpson index (Table 4).

Based on the Venn of Operational Taxonomic Units
(OTU), the number of OTU shared by the experimental and
control groups was 123. As the dietary concentration of
C. butyricum increased, the OTU count in each group ini-
tially rose and then declined, with the CB3 group exhibiting
the highest OTU number (Figure 3A). Firmicutes, Campi-
lobacterota, Proteobacteria, Spirochaetota, and Bacteroidota
were the dominant phyla across all groups. Campilobac-
terota were all decreased to different degrees in the exper-
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imental groups, with the lowest levels in the CB3 group
(Figure 3C). Proteobacteria had the highest content in the
CB3 group. The widespread genera in each group were
ZOR0006, Halarcobacter, Malaciobacter, Sedimin-
ispirochaeta, and Alphaproteobacteria (Figure 3D). The CB3
group had considerably increased levels of Deltaproteobac-
teria, Marinifilaceae, Hanstruepera, Pseudomonas and Sphin-
gobium compared to the control and other experimental
groups (Figure 3B).

Analyzing the varied abundances of the five groups of
bacterial species using linear discriminant analysis. In the
control group, the Chloroflexi and Anaerolineae had the
highest Effect Size (LEfSe) among the differential bacteria
with LDA values larger than 2.0. In the CB3 group, there
were substantial variations in 1 class, 3 orders, 4 families,
and 7 genera. In contrast, there were no significantly differ-
ent species in groups CB1, CB2 and CB4 (Fig. 4A, B). Func-
tional analysis using KEGG Pathway Level 2 revealed that
the experimental group had a greater abundance of meta-
bolic pathways than the control group, with the CB3 group
showing the most elevated levels (Figure 4C).

CHALLENGE TEST

The addition of C. butyricum in the feed affected the resis-
tance of S. paramamosain to V. parahaemolyticus infection.
As shown in (Figure 5A), the survival rate of crabs in CB3
group was significantly higher than that in CC group. In
(Figure 5B), V. parahaemolyticus began to grow in the he-
molymph of the control group at 12 hours after challenge,
reaching 10°CFU/ml at 144 hours, while V. parahaemolyti-
cus was detected in the CB3 group at 48 hours, reaching
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Figure 2. Effects of dietary C. butyricum on the expression of related genes in intestinal of S. paramamosain.

Table 4. Dietary supplementation with C. butyricum enhances intestinal microbiome alpha diversity in mud

crabs.
Groups Chaol ACE Shannon Simpon
Control 150.55+10.18 147.74+6.38 1.98+0.45 0.23+0.10
CB1 121.89+30.50 123.02+£30.31 1.94+0.77 0.25£0.15
CB2 141.62+13.86 139.87+£5.83 1.76+0.13 0.28 +0.08
CB3 145.46£34.66 145.96+33.32 2.62+0.95 0.15+0.10
CB4 122.68+12.32 123.94+15.21 1.97+0.04 0.19£0.01

Values in the same column that lack superscripts or share identical superscripts indicate no significant difference. (P >0.05) (n =3).

10%CFU/ml at 144 hours, which was significantly lower than
that in the control group (P < 0.05).

DISCUSSION

The utilization of probiotics in the realm of aquaculture has
emerged as an important and growing field of study and
practice. With the increasingly rigorous regulations on the
use of antibiotics, probiotics have attracted more attention
and investigation as a viable and effective alternative.l?
Probiotics can improve the growth of aquatic animals by
increasing the synthesis of intestinal vitamins and cofac-
tors and promoting the activity of digestive enzymes.20
C. butyricum is a gram-positive anaerobic bacterium that
produces butyric acid and has key probiotic roles in the
gut. C. butyricum has recently received increased interest
in aquaculture due to its broad usage in improving intesti-
nal health, immunity, and growth performance in aquatic
creatures. Research has consistently established that C. bu-
tyricum can produce short-chain fatty acids, enhance in-
testinal barrier function, inhibit the growth of harmful bac-
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teria, and enhance individual antioxidant capacity and
hunger immunity.> Studies have shown that the addition
of C. butyricum to the feed can significantly increase the
weight gain rate of tilapia and reduce the feed-to-weight
ratio.20 In this experiment, compared with the control
group, the addition of different concentrations of C. bu-
tyricum in the feed increased the weight gain rate and spe-
cific growth rate of S. paramamosain. The addition of 3.6 x
105 CFU/g and 3.6 x 10 CFU/g significantly increased the
weight gain rate and specific growth rate of mud crab (P
<0.05).

Digestion is essential to an animal’s metabolism since
it provides energy for all biological functions. Biochemical
examination of digestive enzyme activity serves as a
straightforward and dependable approach to assess the di-
gestion level in individual organisms.2! Prior studies have
indicated that Scophthalmus maximus fed with C. butyricum
H129 (107CFU/g) significantly increased the amylase en-
zyme activity.1® However, the optimal addition of different
organisms is different. This study found that supplement-
ing mud crabs with 3.6 x 106 CFU/g C. butyricum dramat-
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ically improved their intestinal a-amylase and lipase ac-
tivities. Therefore, C. butyricum can enhance the digestive
ability of mud crabs, which in turn promotes growth.
Reactive oxygen species (ROS) describe a group of differ-
ent molecular oxygen derivatives produced during normal
aerobic metabolism. A variety of ROS production and scav-
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enging systems actively maintain intracellular redox status,
mediate redox signals, and regulate cell function.??2 How-
ever, high concentrations of ROS induce oxidative stress,
which disrupts the normal physiology of the organism and
may lead to fatal diseases.23 In contrast, antioxidants can
have a prophylactic scavenging role by eliminating excess
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free radicals, thereby reducing oxidative stress.24 It has
been demonstrated that dietary probiotics can augment in-
nate immune responses by modulating reactive oxygen
species (ROS) production during pathogen invasion, which
in turn stimulates the activity of superoxide dismutase
(SOD).25 Butyric acid is capable of regulating oxidative
stress through the reduction of reactive oxygen species and
the enhancement of antioxidant enzyme activity.26 SOD,
CAT and T-AOC are key components of the antioxidant sys-
tem. They are of vital significance in antioxidant reactions,
contributing to the prevention or repair of oxidative dam-
age. These parameters are commonly utilized as indicators
to assess antioxidant capacity in various studies.2’A study
found that CAT, SOD and T-AOC activities in largemouth
bass were significantly higher in the group that added 10°
CFU/kg of C.butyricum to food.l14 Consistent with earlier
studies, dietary C. butyricum supplementation elevated the
hepatopancreatic T-AOC and SOD activities in mud crabs,
with the most notable increases seen in the CB3 group. The
findings imply that C. butyricum can bolster mud crab an-
tioxidant defenses, thereby mitigating the detrimental ef-
fects of reactive oxygen species.

The immune system in crustaceans is crucial for defense
against pathogens, and its functionality is influenced by
nutritional intake and feed composition. Biochemical ex-
amination of important hepatopancreatic enzymes such as
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (AKP), and acid phos-
phatase (ACP) is a good way for assessing immunological
function in animals. In research regarding intestinal nu-
triention metabolism, AKP has been recognized as one of
the crucial indicators for evaluating intestinal health. In a
healthy organism, high AKP activity promotes food absorp-
tion.28 In this investigation, AKP activity in the hepatopan-
creas of crabs in the CB3 and CB4 groups rose dramatically
(P < 0.05). Adding C. butyricum to the meal can consider-
ably lower ALT activity in crab serum, particularly in the
CB3 group (P < 0.05). In the experimental group, the AST
activity in the CB3 group was the lowest. This shows that
the inclusion of C.butyricum can boost mud crab immuno-
logical function.
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The immune system’s inflammatory and antioxidant
mechanisms are vital in modulating cellular reactions to
pathogens and oxidative stress. Interleukin-8 (IL8) and Tu-
mor Necrosis Factor-alpha (TNF-a) are central genes
within the inflammatory response pathway. Glutathione
peroxidase 3 (GPx3) and glutathione S-transferase (GST)
are emblematic genes within the antioxidant pathway. Pro-
biotics have an essential part in strengthening the host’s
immune system. Several investigations have found that C.
butyricum can boost immunological responses in aquatic
species. The addition of C. butyricum to the feed upregu-
lated the relative expression of immune genes proPO, LGBP,
Lys, SOD. in the intestine of Penaeus vannamei.2? In this
experiment, the addition of 3.6 x 10° CFU/g C. butyricum
group significantly upregulated the expression of IL8, TNF-
a, GPx3 and SpPO genes in mud crabs, and enhanced their
immune response and antioxidant capacity. Meanwhile, the
expression changes of GST and P53 genes in CB3 group
were not significant in this experiment, suggesting that the
regulatory effect of C. butyricum on these genes may be
small or limited by the experimental conditions. Overall, C.
butyricum has significant potential to improve the immu-
nity and antioxidant capacity of mud crabs, which is wor-
thy of further popularization and application in aquacul-
ture practice.

The makeup of the gut microbiota has an impact on the
health of the host and depends on the diet. A variety of
factors, such as direct feeding or the intake of feed addi-
tives, can lead to changes in the composition of the gut mi-
crobiota.28 Consequently, researching the impact of dietary
supplements on gut flora holds great significance. High-
throughput sequencing technology was used in the current
investigation to study the intestinal bacteria of mud crabs
fed C. butyricum. The Alpha diversity data indicated that
as the concentration of C. butyricum in the meal grew, the
richness and variety of microbial communities in the colon
increased and then dropped, but not significantly. In vitro
fermentation of mud crab intestinal contents with C.bu-
tyricum G13 showed that the main phylum in its intestine
was Proteobacteria, Firmicutes, Baceroidota and Fusobacte-
riota.1” In this experiment, the primary taxa in the exper-
imental and control groups were Firmicutes, Proteobacte-
ria and Campilobacterota. This finding corroborates prior
research, highlighting that Firmicutes, Proteobacteria and
Campilobacterota are the primary phyla in the mud crabs.

Studies have shown that the main bacteria in the large-
particle biofloc are Planctomycetes, Bacteroidetes, and Al-
phaproteobacteria, which can be used as natural probiotics
to limit the growth of pathogenic microorganisms and bol-
ster the immunity and survival rate of animal.23 In this ex-
periment, the CB3 group had a richer genus abundance of
Alphaproteobacteria and Paracoccus than the other groups.
Furthermore, through the significant analysis of the differ-
ences in the species level of different groups, the Deltapro-
teobacteria bacterium SKP-2, Marinifilaceae, Hanstruepera
neustonica, Pseudomonas brenneri and Sphingobium sp. YG1
abundance were considerably greater in the CB3 group
compared to the control and other experimental groups.
These species encompass a wide range of bacteria with di-
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verse metabolic profiles. As a result of this experiment, it
is possible to conclude that C. butyricum has a synergistic
effect on the intestinal microbial ecology and health status
of S. paramamosain. Functional analysis using KEGG Path-
way Level2 showed that adding C. butyricum to the feed in-
creased the abundance of metabolic pathways in S. para-
mamosain, and the concentration of C. butyricum added to
3.6x106 CFU/g was the most significant (P < 0.05). This may
mean that C. butyricum regulates the gut microbiota and
promotes individual metabolism.

ACKNOWLEDGMENTS

This research was supported by National Key R&D Program
of China (2023YFD2401703), Science and Engineering
Guangdong Provincial Laboratory (Zhuhai)
(SML2023SP236), Central Public-interest Scientific Institu-
tion Basal Research Fund, South China Sea Fisheries Re-
search Institute, CAFS (NO.2024RC10), the earmarked fund
for CARS-48-21.

AUTHORS’ CONTRIBUTION

Conceptualization: Gui-Ying Li (Equal), Zhi-Xun Guo
(Equal). Methodology: Gui-Ying Li (Lead), Hong-Ling Ma
(Equal), Chang-Hong Cheng (Equal), Guang-Xin Liu
(Equal), Zhi-Xun Guo (Lead). Formal Analysis: Gui-Ying Li

(Equal), Guang-Xin Liu (Equal). Writing — original draft:
Gui-Ying Li (Lead). Writing — review & editing: Gui-Ying
Li (Equal), Zhi-Xun Guo (Equal). Funding acquisition: Si-
Gang Fan (Equal), Zhi-Xun Guo (Lead). Resources: Jian-Jun
Jiang (Supporting), Zhi-Xun Guo (Lead). Supervision: Zhi-
Xun Guo (Lead).

COMPETING INTEREST — COPE

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have
appeared to influence the work reported in this paper.

ETHICAL CONDUCT APPROVAL — IACUC

The crab used in this experiment is a non-regulated inver-
tebrate, which conforms to the ethical standards of experi-
mental animals.

INFORMED CONSENT STATEMENT

All authors and institutions have confirmed this manuscript
for publication.

DATA AVAILABILITY STATEMENT

All are available upon reasonable request.

Submitted: February 25, 2025 CST. Accepted: April 16, 2025
CST. Published: September 26, 2025 CST.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information.

Israeli Journal of Aquaculture - Bamidgeh

328



Effects of dietary Clostridium butyricum on growth performance, non-specific immunity, intestinal microbio...

REFERENCES

1. Coates CJ, Rowley AF. Emerging diseases and
epizootics in crabs under cultivation. Frontiers in
Marine Science. 2022;8:809759. doi:10.3389/
fmars.2022.809759

2. Saha S, Pradhan D, Dash G. Studies on diversity of

bacterial diseases and occupational risks through

mud crab aquaculture in West Bengal. Journal of Pure
& Applied Microbiology. 2023;17(2). doi:10.22207/
PAM.17.2.23

3. Okocha RC, Olatoye 10, Adedeji OB. Food safety
impacts of antimicrobial use and their residues in
aquaculture. Public Health Reviews. 2018;39:1-22.
doi:10.1186/s40359-018-0245-2

4. Imtiaz N, Anwar Z, Waiho K, et al. A review on
aquaculture adaptation for fish treatment from
antibiotic to vaccine prophylaxis. Aquaculture
International. 2024;32(3):2643-2668. doi:10.1007/
$10499-024-00770-5

5. Tran NT, Li Z, Ma H, et al. Clostridium butyricum: A
promising probiotic confers positive health benefits
in aquatic animals. Reviews in Aquaculture.
2020;12(4):2573-2589. doi:10.1111/raqg.12554

6. Wang X, Zhang P, Zhang X. Probiotics regulate gut
microbiota: An effective method to improve
immunity. Molecules. 2021;26(19):6076. doi:10.3390/
molecules261960761F

7. Gatesoupe FJ. The use of probiotics in aquaculture.
Aquaculture. 1999;180(1-2):147-165. doi:10.1016/
s0044-8486(99)00245-1

8. Hai NV. The use of probiotics in aquaculture.
Journal of Applied Microbiology. 2015;119(4):917-935.
doi:10.1111/jam.12818

9. Newaj-Fyzul A, Austin B. Probiotics,
immunostimulants, plant products and oral vaccines,
and their role as feed supplements in the control of
bacterial fish diseases. Journal of Fish Diseases.
2015;38(11):937-955. doi:10.1111/jfd.12303

10. Tran NT, Li S. Potential role of prebiotics and
probiotics in conferring health benefits in
economically important crabs. Fish and Shellfish
Immunology Reports. 2022;3:100041. doi:10.1016/

j.£51.2022.100041

11. Dawood MAO, Koshio S, Abdel-Daim MM, Van
Doan H. Probiotic application for sustainable
aquaculture. Reviews in Aquaculture.
2019;11(3):907-924. doi:10.1111/raq.12309

Israeli Journal of Aquaculture - Bamidgeh

12. Kanai T, Mikami Y, Hayashi A. A breakthrough in
probiotics: Clostridium butyricum regulates gut
homeostasis and anti-inflammatory response in
inflammatory bowel disease. Journal of
Gastroenterology. 2015;50:928-939. doi:10.1007/
s00535-015-1126-8

13. Liu H, Wang ], He T, et al. Butyrate: A double-
edged sword for health? Advances in Nutrition.
2018;9(1):21-29. do0i:10.3945/an.117.017448

14. Li P, Xiaoying C, Dongqiang H, et al. Positive
effects of dietary Clostridium butyricum
supplementation on growth performance, antioxidant
capacity, immunity and viability against hypoxic
stress in largemouth bass. Frontiers in Immunology.
2023;14:1190592. doi:10.3389/fimmu.2023.1190592

15. Li H, Tian X, Dong S, Li X. Growth performance,
non-specific immunity, intestinal histology and
disease resistance of Litopenaeus vannamei fed on a
diet supplemented with live cells of Clostridium
butyricum. Aquaculture. 2019;498:470-481.
doi:10.1016/j.aquaculture.2019.01.021

16. Bi X, Chengjie L, Mengmei W, et al. Effects of
dietary supplementation of Clostridium butyricum
H129 on growth performance and intestinal health of
turbot, Scophthalmus maximus. Aquaculture Reports.
2023;30:101544. doi:10.1016/j.aqrep.2023.101544

17. Liang H, Tran NT, Deng T, et al. Identification and
characterization of a potential probiotic, Clostridium
butyricum G13, isolated from the intestine of the mud
crab (Scylla paramamosain). Microbiology Spectrum.
2023;11(4):e01317-23. doi:10.1128/
spectrum.01317-23

18. Ma H. High-density genetic linkage maps provide
novel insights into ZW/ZZ sex determination system
and growth performance in mud crab (Scylla
paramamosain). Frontiers in Genetics. 2019;10:298.
doi:10.3389/fgene.2019.00298

19. Rahayu S, Amoah K, Huang Y, et al. Probiotics
application in aquaculture: Its potential effects,
current status in China and future prospects.
Frontiers in Marine Science. 2024;11:1455905.
doi:10.3389/fmars.2024.1455905

20. Poolsawat L, Li X, He M, Ji D, Leng X. Clostridium
butyricum as probiotic for promoting growth
performance, feed utilization, gut health and
microbiota community of tilapia (Oreochromis
niloticusx O. aureus). Aquaculture Nutrition.
2020;26(3):657-670. doi:10.1111/anu.13025

329


https://doi.org/10.3389/fmars.2022.809759
https://doi.org/10.3389/fmars.2022.809759
https://doi.org/10.22207/JPAM.17.2.23
https://doi.org/10.22207/JPAM.17.2.23
https://doi.org/10.1186/s40359-018-0245-2
https://doi.org/10.1007/s10499-024-00770-5
https://doi.org/10.1007/s10499-024-00770-5
https://doi.org/10.1111/raq.12554
https://doi.org/10.3390/molecules26196076IF
https://doi.org/10.3390/molecules26196076IF
https://doi.org/10.1016/s0044-8486(99)00245-1
https://doi.org/10.1016/s0044-8486(99)00245-1
https://doi.org/10.1111/jam.12818
https://doi.org/10.1111/jfd.12303
https://doi.org/10.1016/j.fsi.2022.100041
https://doi.org/10.1016/j.fsi.2022.100041
https://doi.org/10.1111/raq.12309
https://doi.org/10.1007/s00535-015-1126-8
https://doi.org/10.1007/s00535-015-1126-8
https://doi.org/10.3945/an.117.017448
https://doi.org/10.3389/fimmu.2023.1190592
https://doi.org/10.1016/j.aquaculture.2019.01.021
https://doi.org/10.1016/j.aqrep.2023.101544
https://doi.org/10.1128/spectrum.01317-23
https://doi.org/10.1128/spectrum.01317-23
https://doi.org/10.3389/fgene.2019.00298
https://doi.org/10.3389/fmars.2024.1455905
https://doi.org/10.1111/anu.13025

Effects of dietary Clostridium butyricum on growth performance, non-specific immunity, intestinal microbio...

21. Lennicke C. Redox metabolism: ROS as specific
molecular regulators of cell signaling and function.
Molecular Cell. 2021;81(18):3691-3707. doi:10.1016/
j.molcel.2021.04.027

22. Wee WC, Mok CH, Romano N, Ebrahimi M, Natrah
I. Dietary supplementation use of Bacillus cereus as
quorum sensing degrader and their effects on growth
performance and response of Malaysian giant river
prawn Macrobrachium rosenbergii juvenile towards
Aeromonas hydrophila. Aquaculture Nutrition.
2018;24(6):1804-1812. doi:10.1111/anu.12716

23. Hamer HM, Jonkers DMAE, Bast A, et al. Butyrate
modulates oxidative stress in the colonic mucosa of
healthy humans. Clinical Nutrition. 2009;28(1):88-93.
doi:10.1016/j.clnu.2008.09.007

24. Li L, Hongyu L, Weikang L, et al. Clostridium
butyricum improves the digestive enzyme activity,
antioxidant and immunity related genes expression
and intestinal microbiota of Litopenaeus vannamei fed
a replacing fishmeal with cottonseed protein
concentrate (CPC) diet. Aquaculture Reports.
2023;29:101517. doi:10.1016/j.aqrep.2023.101517

Israeli Journal of Aquaculture - Bamidgeh

25. Liu Y, Lv H, Xu L, et al. The effect of dietary lactic
acid bacteria on intestinal microbiota and immune
responses of crucian carp (Carassius auratus) under
water temperature decrease. Frontiers in Microbiology.
2022;13:847167. doi:10.3389/fmicb.2022.847167

26. Wang C, Li PF, Hu DG, Wang H. Effect of
Clostridium butyricum on intestinal microbiota and
resistance to Vibrio alginolyticus of Penaeus vannamei.
Fish & Shellfish Inmunology. 2023;138:108790.
doi:10.1016/j.si.2023.108790

27. Padeniya U, Davis DA, Wells DE, Bruce TJ.
Microbial interactions, growth, and health of aquatic
species in biofloc systems. Water. 2022;14(24):4019.
doi:10.3390/w14244019

28. Mehla N, Chhajer AK, Kumar K, Dahiya S,
Mohindroo V. Applications of antioxidants: A review.
In: Plant Antioxidants and Health. ; 2021:1-29.
doi:10.1007/978-3-030-45299-5_28-1

29. Duan Y, Yun W, Hongbiao D, et al. Changes in the
intestine microbial, digestive, and immune-related
genes of Litopenaeus vannamei in response to dietary
probiotic Clostridium butyricum supplementation.
Frontiers in Microbiology. 2018;9:2191. doi:10.3389/
fmicb.2018.02191

330


https://doi.org/10.1016/j.molcel.2021.04.027
https://doi.org/10.1016/j.molcel.2021.04.027
https://doi.org/10.1111/anu.12716
https://doi.org/10.1016/j.clnu.2008.09.007
https://doi.org/10.1016/j.aqrep.2023.101517
https://doi.org/10.3389/fmicb.2022.847167
https://doi.org/10.1016/j.fsi.2023.108790
https://doi.org/10.3390/w14244019
https://doi.org/10.1007/978-3-030-45299-5_28-1
https://doi.org/10.3389/fmicb.2018.02191
https://doi.org/10.3389/fmicb.2018.02191

	Effects of dietary Clostridium butyricum on growth performance, non-specific immunity, intestinal microbiota and disease resistance of Scylla paramamosain
	Introduction
	Materials and Methods
	Experimental strains and diets
	Experimental Animal
	Sample collection
	Growth performance
	Biochemical indices analysis
	Gene Expression Analysis
	Determination of Intestinal Flora of S. paramamosain
	Challenge test
	Analysis of Data

	Results
	Growth performance
	Effect of C. butyricum on enzyme activity of the S. paramamosain
	Expression Levels of Intestine Immune Related Genes
	Microbiota community characterization in the intestine
	Challenge test

	Discussion
	Acknowledgments
	Authors’ Contribution
	Competing Interest – COPE
	Ethical Conduct Approval – IACUC
	Informed Consent Statement
	Data Availability Statement

	References


