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Numerous studies have demonstrated that Lactobacillus rhamnosus exerts 
growth-promoting effects in animal husbandry. However, its role in the growth 
performance of the Chinese mitten crab remains inadequately evaluated. In this study, 
we aimed to investigate the potential effects of L. rhamnosus on the growth performance, 
intestinal function, and microenvironment of the Chinese mitten crab. Crabs with an 
average weight of 0.80 ± 0.12 g were divided into four groups, with the experimental 
groups receiving dietary supplements of L. rhamnosus at concentrations of 0% (C group), 
2% (S-1 group), 5% (S-2 group), and 8% (S-3 group), each containing 10⁹ CFU/g added to 
the basal diet. The results indicated that the final body weight (FBW), weight gain rate 
(WGR), and specific growth rate (SGR) of crabs in the S-1 and S-2 groups were 
significantly higher than those in the control group (P < 0.05). The enzymatic activity of 
immune-related enzymes, including alkaline phosphatase (AKP), superoxide dismutase 
(SOD), and catalase (CAT), increased following dietary supplementation with L. 
rhamnosus. Principal coordinates analysis revealed distinct microbiota compositions 
between the groups. The alpha diversity indices, including ACE, Chao1, Shannon, and 
Sobs, were enhanced after dietary supplementation, while the Simpson index showed no 
significant differences. Statistical analysis demonstrated that including L. rhamnosus in 
the diet increased the abundance of Proteobacteria and Firmicutes while reducing the 
abundance of Actinobacteriota in the intestines compared to the control group. 
Additionally, the abundance of Paracoccus and Thiothrix in the crabs’ intestines was 
elevated. In conclusion, the dietary inclusion of L. rhamnosus improved growth 
performance, enhanced intestinal microflora, and bolstered non-specific immunity and 
antioxidant functions in the Chinese mitten crab. 

INTRODUCTION 

The Chinese mitten crab, also known as the river crab, be
longs to the class Crustacea and order Decapoda. It is a cru
cial aquaculture species in China, cherished by consumers 
for its rich nutrition and delicate flavor.1 Currently, the 
primary method of chinese mitten crab farming, is pond 
cultivation. However, as the scale of farming rapidly ex
pands, the occurrence of diseases such as saprolegniasis, 
black gill disease, and limb rot disease has become increas

ingly prevalent, significantly impacting the profitability of 
mitten crab farming.2 Although antibiotics and chemical 
drugs can prevent and treat these diseases, their frequent 
use leads to decreased immunity in aquatic animals and the 
accumulation of heavy metals, posing risks to human and 
animal health. Thus, there is an urgent need to find eco-
friendly additives that can enhance the disease resistance 
of aquatic organisms. 

Probiotics are beneficial active microorganisms that col
onize the host’s body, altering the composition of micro
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biota in specific areas to benefit the host. By modulating 
mucosal and systemic immune functions or balancing gut 
microbiota, they promote nutrient absorption and maintain 
intestinal health, leading to positive health effects.3 The 
gut microbiota refers to the community of microorganisms 
residing in the intestines, which, together with the intesti
nal system, form the gut micro-ecosystem, essential for 
maintaining normal intestinal function.4 The human gas
trointestinal tract hosts a diverse and abundant array of mi
croorganisms that impact health through mechanisms such 
as biological antagonism, immune response, and metabolic 
regulation.5,6 Research has shown that gut microbiota not 
only regulates the dynamic balance of the intestine but also 
breaks down complex polysaccharides in food,7 participates 
in the digestion and absorption of nutrients, and maintains 
the integrity of the intestinal epithelial barrier. The struc
ture, function, and bioactive metabolites produced by gut 
microbiota are of vital importance in preserving intestinal 
health.8 

L. rhamnosus is commonly found in the intestines of hu
mans and animals. Taxonomically, it belongs to the genus 
Lactobacillus and the rhamnosus subspecies. This Gram-
positive probiotic is anaerobic, acid-tolerant, and non-
spore-forming, with characteristics such as resistance to 
acid, bile salts, and various antibiotics. As a member of 
the human symbiotic microbiome,9 L. rhamnosus has been 
proven to play a crucial role in human health, such as bal
ancing the intestinal micro-ecosystem and providing both 
local and systemic immune modulation.10 It can withstand 
the digestive environment of animals, colonize the in
testines of both humans and animals and enhance the 
host’s systemic immune response.11 

Recent studies have demonstrated that L. rhamnosus en
hances immunity, thereby improving eggshell quality by 
modifying the ultrastructure in hens.12 Additionally, L. 
rhamnosus increases the diversity of intestinal flora and en
hances sperm quality in dogs.13 However, their effects on 
intestinal microbiota and the regulatory immune mecha
nism in Chinese mitten crab have not been reported. There
fore, this work aimed to evaluate the relationships between 
intestinal microbiota diversity and antioxidant properties 
after dietary L. rhamnosus supplementation in Chinese mit
ten crab. 

MATERIALS AND METHODS 

EXPERIMENTAL MATERIAL 

L. rhamnosus was preserved by the Microbiology Research 
Laboratory of Jiangsu Green Biotech Co., Ltd., with an ac
tual measured value of 1×10⁹ CFU/g. The Chinese mitten 
crab larvae were sourced from Yangzhou Dacheng Seed In
dustry Technology Co., Ltd., and the basal feed was pro
cured from Taizhou Alpha Biological Co., Ltd., specifically 
designed for crab larvae. The primary nutritional levels 
(mass fraction) of the basal feed’s dry matter are as follows: 
crude protein ≥ 40.0%, crude fat ≥ 5.0%, crude fiber ≤ 4.0%, 
crude ash ≤ 14.0%, lysine ≥ 2.2%, calcium ≥ 2.0%, total 
phosphorus ≥ 1.2%, moisture ≤ 10.0%. 

EXPERIMENTAL DESIGN AND FEEDING TRIAL 

The crab larvae were temporarily reared in canvas tanks 
measuring 300 cm × 100 cm × 40 cm, and were fed com
mercial feed during this period. After 10 days of temporary 
rearing, 120 healthy and similarly vigorous crabs with an 
average body weight of (0.80±0.12) g were randomly se
lected from 200 Chinese mitten crabs and divided into 4 
groups, including the control group (C) and the L. rhamno
sus group, with 4 replicates per group and 8 crabs per repli
cate. The crabs were individually housed in 180 boxes (28 
cm × 21 cm × 17.5 cm, water depth 12 cm) with small holes 
on all sides and the bottom, placed in polyvinyl chloride 
(PVC) water tanks (3 m × 0.3 m × 0.8 m) under an indoor 
recirculating water system. Tiles were placed at the bottom 
of the boxes as hiding places. During the rearing period, ex
perimental feed was provided daily at 16:00, with a feed
ing rate of approximately 2% to 3% of the total body mass. 
Feces and leftover feed were removed every other day us
ing siphon methods. The conditions were maintained with 
24-hour aeration, 40W fluorescent lighting (12 hours light/
12 hours dark), water temperature > 20°C, pH 7.0–9.0, av
erage dissolved oxygen concentration > 4 mg·L–1, ammonia 
nitrogen concentration < 0.5 mg·L–1, and nitrite concentra
tion < 0.15 mg·L–1. The body mass of each crab was mea
sured and recorded 3–5 days after molting, and the experi
ment was concluded once over 80% of the crabs completed 
their second molt. 

The control group (C) was fed the basal diet, while the 
experimental groups were supplemented with L. rhamnosus 
at concentrations of 2% (S-1 group), 5% (S-2 group), and 
8% (S-3 group) added to the basal diet. The specific method 
for adding L. rhamnosus involved calculating the required 
grams of basal feed, the volume of L. rhamnosus solution, 
and the volume of purified water according to the desired 
concentration gradient. The prepared L. rhamnosus solution 
was evenly sprayed onto the feed surface using a spray bot
tle, ensuring an even coating. The feed was then air-dried 
naturally before being weighed and administered. The ex
periment lasted for 40 days. 

SAMPLE COLLECTION 

During the experiment, juvenile crabs in the intermolt 
stage, approximately 3 to 7 days after completing their sec
ond molt, were selected. After wiping off surface mois
ture with absorbent paper, the crabs were weighed using 
an electronic balance with an accuracy of 0.01 g. The crabs 
were then anesthetized on ice, and 0.5 mL of hemolymph 
was drawn from the base of the third walking leg using a 1.0 
mL sterile syringe and placed in a 1.5 mL centrifuge tube, 
then stored at –20°C. The carapace was separated from the 
body along the side, and the hepatopancreas was dissected 
and accurately weighed, and used for subsequent detection 
and analysis. Intestinal tissues were collected, with three 
entire intestines from river crabs taken per parallel sample, 
and placed into sterile EP tubes, then stored at –80°C for 
future use. 

The survival rate (SR), weight gain rate (WGR), specific 
growth rate (SGR), intermolt duration (ID) [the interval be
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tween the second and first molting (days)], and hepatoso
matic index (HSI) of each group of juvenile crabs were cal
culated using the following formulas: 

SR = (N2 / N1) × 100% 
WGR = [(M2 - M1) / M1] × 100% 
SGR (%·d⁻¹) = 100 × (ln M2 - ln M1) / T 
Where: 
N2 is the number of surviving juvenile crabs at the end 

of the experiment. 
N1 is the initial number of juvenile crabs in each group. 
M2 is the body mass of juvenile crabs at the end of the 

experiment. 
M1 is the initial body mass of juvenile crabs. 
T is the duration of the rearing period. 
MH is the mass of the hepatopancreas. 
MC is the body mass of the juvenile crabs. 

ANTIOXIDANT-RELATED PARAMETERS ASSAY 

Hepatopancreas homogenate and serum were prepared fol
lowing the method described by Zhao14 et al. and stored at 
-40°C for later use. Alkaline phosphatase (APK), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
superoxide dismutase (SOD), malondialdehyde (MDA), and 
catalase (CAT) were measured using assay kits from Nanjing 
Jiancheng Bioengineering Institute. 

INTESTINAL MICROFLORA ANALYSIS 

Intestinal microbiota analysis was conducted by Shanghai 
Majorbio Bio-Pharm Technology Co., Ltd. Bacterial ge
nomic DNA was amplified using specific primers 338F 
(ACTCCTACGGGAGGCAGCAG) and 806R (GGAC
TACHVGGGTWTCTAAT) targeting the hypervariable V3 
and V4 regions of the 16S rDNA gene. High-throughput se
quencing of the gut microbiota was performed on the Illu
mina MiSeq platform. The raw data were processed to ob
tain optimized sequences, which were then clustered into 
OTUs at a 97% similarity level. Alpha diversity, including 
microbial richness (Chao index) and diversity (Shannon in
dex, Simpson index), was analyzed based on OTUs using 
UPARSE (V7.1) on the Majorbio Cloud Platform (www.ma
jorbio.com). Taxonomic identification results were classi
fied based on OTU annotation, and statistical analysis was 
performed accordingly. 

STATISTICAL ANALYSIS 

The alpha diversity was calculated using QIIME software, 
including Chao1, Observed species, and the Shannon index. 
The PCoA diagram was drawn by R package. SPSS version 
20 was used for the data analyses. The microbial commu
nity and relative abundance values were tested for signifi
cance using the non-parametric Manne Whitney U oneway 
ANOVA test for independent samples. Mean differences 
were considered significant at P ≤ 0.05. Tables were gener
ated using Excel 2021, while figures were made using Excel 
2021 and GraphPad Prism 9. 

RESULTS 

GROWTH PERFORMANCE 

The growth performance of crabs is presented in Figure 1. 
The FBW, WGR, and SGR of crabs in S1 and S2 were higher 
than that of crabs in the control group (P < 0.05). There was 
no significant difference in S3 than that of crabs in the con
trol group (P ＞ 0.05). 

ACTIVITIES OF IMMUNE- AND ANTIOXIDANT-RELATED 
ENZYMES. 

The activities of immune- and antioxidant-related enzymes 
of Eriocheir sinensis changed after dietary L. rhamnosus sup
plementation. The results showed that the enzymatic activ
ity of immune-related increased after dietary L. rhamnosus 
supplementation (Figure 2A to F). The enzymatic activity of 
alkaline phosphatase (AKP) significantly increased between 
the S1, S2, and S3 compared to the C group (P < 0.05, Figure 
2A). while the content of AST in all groups was not signifi
cantly different from the C group (P > 0.05, Figure 2B). The 
content of ALT was significantly decreased in the S1, S2 and 
S3 group compared with the C group (P > 0.05, Figure 2C). 
The superoxide dismutase (SOD) activity was significantly 
increased in the S2 group compared with the C group. The 
similarity regularity was present in the enzymatic activity 
of catalase (CAT) (Figure 2E). However, the enzymatic activ
ity of malondialdehyde (MDA) was not significantly differ
ent in S1 and S3 comparison with the C group (Figure 2F). 

OTU CLUSTERS AND ALPHA DIVERSITY OF MICROBIOTA 
IN INTESTINAL CONTENTS 

To explore the diversity of intestinal microbiota of Chinese 
mitten crab after dietary L. rhamnosus supplementation, 
the intestinal microbial composition and species distribu
tion of Chinese mitten crab was investigated by 16s rRNA 
sequencing. The samples from the intestine of the Chinese 
mitten crab were analyzed by assigning OTUs at the 97% 
identity level. The rarefaction curves indicated that there 
were sufficient samples of the bacterial communities (Fig
ure 3H). Our results showed that the ace, chao1, shannon 
and sobs indices of alpha diversity were increased after 
dietary L. rhamnosus supplementation (Figure 3A-3C, 3E). 
However, the simpson index shows no significant differ
ences between them (Figure 3D). The results of difference 
analysis showed that there were many significantly dif
ferent genera after dietary L. rhamnosus supplementation, 
wherein 244 genera were same between the S2 group and 
control group (Figure 3G). 

ANALYSIS OF BETA DIVERSITY OF BACTERIA AND 
MICROBIAL COMPOSITION DIFFERENCES AFTER 
DIETARY L. RHAMNOSUS SUPPLEMENTATION 

The separated principal co-ordinates analysis (PCoA) plot 
of overall diversity based on weighted normalized unifrac 
revealed that the two groups had different microbiota com
position (Figure 4A-B). The taxonomic classification dis
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Figure 1. Growth performance of Chinese mitten crab fed diets with different levels of             Lactobacillus  rhamnosus.  
Values were presented as the mean ±SEM (n = 6). Different letters mean significant differences with each                  
other(P<0.05).  

Figure 2. Activities of immune and antioxidant-related enzyme content in plasma of Chinese mitten crab fed               
diets with different levels of      Lactobacillus rhamnosus . Values were presented as the mean ±SEM (n = 6). Different             
letters mean significant differences with each other (       P<0.05).  

played that Proteobacteria, Bacteroidota, Firmicutes, Acti
nobacteriota and Chloroflexi are the dominant phyla in 
intestine of this species (Figure 4C-D). The statistical 
analysis exhibited that dietary L. rhamnosus supplementa
tion enhanced the abundance of Proteobacteria and Firmi

cutes, reduced the abundance of Actinobacteriota in intes
tine compared with the control (Figure 4E，P < 0.05). At 
the genus level, the taxa whose abundance values are in 
the Top 10 were Dysgonomonas, Candidatus Bacilloplasma, 
Roseimarinus, Paracoccus, Thiothrix, Alphaproteobacteria, 
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Figure 3. Lactobacillus rhamnosus   regulates the composition of gut microbiota in Chinese mitten crab. ace (A),             
chao1 (B), Shannon (C), Simpson (D), sobs(E), and coverage(F) indexes were used to analyze the α-diversity of the                   
gut microbiota. (G), Venn diagram of different microbial compositions in two groups. (H), Rarefaction curve.                

Rhodobacter, Shewanella, Acinetobacter, Pragia in the in
testine of this species. The statistical analysis displayed 
that dietary L. rhamnosus supplementation increased the 
abundance of Paracoccus and Thiothrix in intestine of crabs 
(Figure 4F, P < 0.05). 

ANALYSIS OF MICROBIAL COMPOSITION DIFFERENCES 
GROUPS UNDER L. RHAMNOSUS SUPPLEMENT 

LEfSe analysis was performed to explore the key microbiota 
of the changes among the groups. As presented in Figure 
5A-C, two genera were markedly enriched in the S2 group, 
including Rhizobiaceae and deonella. 
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Figure 4. Species complexity using beta diversity analysis for intestinal of Chinese mitten crab. PCoA of weighted                
UniFrac distances for comparison of microbiome diversity for phylum and genus level(A-B). The intestinal microbial                
composition and species diversity of Chinese mitten crab at the phylum and genus levels(C-D). Microbial                
composition in Intestinal of Chinese mitten crab at phylum level and genus level (E-F). Heat map of the hierarchy                    
cluster of operational taxonomic units at the: phylum and genus levels (G-H)             
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Figure 5. (A) The taxonomic cladogram from LEfSe analysis. (B) (C) The histogram of LDA score from LEfSe                 
analysis. Data were expressed as mean ± SD (n = 3). Different letters on the graph indicated a significant                    
difference ( P  < 0.05) between groups. LDA score >2 was used as a threshold value of characteristic taxon.                 

DISCUSSION 

An increasing body of research has shown that probiotics 
can enhance fish growth performance, improve feed effi
ciency, boost immune responses, and alter gut microbiota, 
typically following treatment with a single probiotic 
species.15 Earlier studies have demonstrated that the in
clusion of L. rhamnosus in the diet can significantly en
hance body weight gain and augment the immune response 
in chickens.16 For the first time, the present study was 
designed to examine the role of 2%, 5%, 8%, 109 CFU/g 
L. rhamnosus inclusion in the diet of crabs. Our results 
showed that L. rhamnosus supplementation in the diet en
hanced the FBW and SGR in Chinese mitten crabs, indi
cating that L. rhamnosus could improve the growth of this 
species. This observation is in agreement with earlier stud
ies that probiotics (Lactobacillus sp.) supplementation sig
nificantly increased the growth performance of gilthead sea 

bream (Sparus aurata),17 red sea bream (P. major),18 and 
olive flounder (P. olivaceus).19 In addition, the enhanced 
growth of crabs can be ascribed to improvements in im
mune function, antioxidative ability, and intestinal micro
biota. 

Like other crustaceans, Chinese mitten crabs mainly rely 
on their non-specific immune system, including various 
endogenous expression or inducer factors, as well as the 
activities of various immune-related enzymes against 
pathogens. Serum AST, ALT, AKP, SOD, CAT, and MDA, 
which are considered vital indicators for assessing the im
mune status in crustaceans, AST and ALT are the two most 
important transaminases in fish. In this experiment, there 
was no significant difference in AST and ALT levels between 
the experimental groups and control group, indicating that 
the crab liver’s metabolic function was normal. During nor
mal metabolic processes in the body, there is a dynamic 
balance between the production and metabolism of reactive 
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oxygen species (ROS), which include superoxide anion 
(O2-), hydrogen peroxide (H2O2), ion (•OH), and others. Ex
cessive free radicals can lead to lipid peroxidation, and O2- 

can be produced during immune activities such as phago
cytosis and secretion of cytokines. The antioxidant enzyme 
system composed of superoxide dismutase (SOD), and cata
lase (CAT) can clear excess free radicals and play an impor
tant role in clearing oxidative stress, enhancing the defense 
capacity of phagocytic cells, and improving the body’s im
mune function. The results of this experiment demonstrate 
that the S2 group exhibited a significant increase in the CAT 
and SOD levels, indicating that L. rhamnosus addition to the 
diet can enhance the antioxidant capacity of the crab. Da
wood and colleagues discovered that supplementing red sea 
bream feed with L. rhamnosus significantly enhances serum 
superoxide anion radical scavenging activity and lysozyme 
activity, thereby boosting the fish’s immune and antioxi
dant capabilities.20 Consequently, this study corroborates 
the finding that L. rhamnosus can enhance the organism’s 
antioxidant capacity. MDA, the end product of lipid perox
idation, often indicates the extent of lipid peroxidation in 
the body and indirectly reflects the degree of cellular dam
age. The results of this experiment show that as the lev
els of L. rhamnosus in the feed increased, MDA levels did 
not change significantly, indicating that the addition of L. 
rhamnosus did not cause any damage to the organism. 

The intestinal microbiota, often described as the “hid
den organ” or “organ within an organ,” hosts tens of tril
lions of microorganisms residing in the host’s intestine, 
playing a role in metabolic health that rivals the impor
tance of the organs themselves.21 However, the composi
tion of intestinal microbiota varies between individuals, in
fluenced by both genetic and environmental factors, with 
dietary habits being a key environmental determinant.22 

Therefore, 16S rRNA gene sequencing was conducted to de
tect variations in intestinal microbiota composition across 
different diets. In present study, the increase in the shan
non and chao1 indexes after L. rhamnosus treatment indi
cated an increase in microbial diversity and richness; the 
increase in intestinal microbial diversity can enhance nutri
ent absorption, facilitate the digestion of food, and bolster 
immunity.23 This is consistent with the findings of the sep
arated PCoA in the present study. 

Firmicutes, Proteobacteria, Bacteroidota, and Actinobac
teriota have been identified as the dominant microbiota 
in the intestines of crustaceans.24 Similarly, our study de
tected that Firmicutes, Proteobacteria, Bacteroidota, and 
Actinobacteriota are the predominant phyla in the intestinal 
tract of Chinese mitten crabs, further validating the relia
bility of our findings. Firmicutes, which include many probi
otics such as Lactobacillus, Enterococcus, and Bacillus, play 
a crucial role in aiding digestion through the release of 
various digestive enzymes, preventing gut diseases by in
hibiting pathogen adhesion in aquatic animals, modulat
ing intestinal mucosal immunity, and maintaining intesti
nal barrier function.25 Previous studies have demonstrated 
that a higher ratio of Firmicutes to Bacteroidetes in the gut 
microbiota of animals is associated with improved nutri
ent digestibility and greater weight gain.26 In this study, 

we observed an increased abundance of Firmicutes and a 
decreased abundance of Bacteroidetes, which may enhance 
nutrient utilization and, consequently, promote the growth 
of crabs fed with L. rhamnosus. 

Candidatus Bacilloplasma, a commensal microorganism 
in the gastrointestinal tract, plays a role in the digestive 
system of crustaceans and is considered a novel lineage 
of Mollicutes.27 Previous research has shown that Candi
datus Bacilloplasma is closely linked to the digestive func
tion of Chinese mitten crabs.28 In our study, Candidatus 
Bacilloplasma was identified as the dominant genus in the 
intestines of crabs in the L. rhamnosus treatment group, 
correlating with the growth observed in this research. Fur
thermore, prior studies indicated that Candidatus Bacillo
plasma positively influences the maintenance of intestinal 
microbiota in shrimp suffering from acute hepatopancre
atic necrosis disease.29 However, whether Candidatus Bacil
loplasma could be utilized as a probiotic, as well as its 
specific role among intestinal bacteria, requires further in
vestigation. 

CONCLUSION 

In conclusion, the incorporation of L rhamnosus into the 
diet of Chinese mitten crabs significantly enhanced growth 
performance, as evidenced by increased final body weight, 
weight gain rate, and specific growth rate. The study also 
demonstrated that L. rhamnosus positively influenced in
testinal function by promoting beneficial microbial diver
sity and enhancing the activity of immune-related en
zymes. Notably, dietary supplementation altered the 
intestinal microbiota composition, increasing the abun
dance of Proteobacteria and Firmicutes while decreasing 
Actinobacteriota. These findings underscore the potential of 
L. rhamnosus as a valuable probiotic to improve growth per
formance and bolster non-specific immunity and antioxi
dant functions in the Chinese mitten crab, highlighting its 
promising applications in aquaculture practices. 

ACKNOWLEDGMENTS 

This work was supported by School-level scientific research 
project of Jiangsu Agri-animal Husbandry Vocational Col
lege (NSF2024ZR09); Development and application of 
aquatic functional bacteria and algae (NSF2023TC05); 
Jiangyan District Science and Technology Support Program 
(Agriculture) (TN202434); Horizontal Enterprise Coopera
tion Projects (S20240093). 

AUTHORS’ CONTRIBUTION 

Conceptualization: Zhenfei Yang (Equal), Haiyue Cao 
(Equal). Formal Analysis: Zhenfei Yang (Equal), Haiyue Cao 
(Equal). Investigation: Zhenfei Yang (Equal), Haiyue Cao 
(Equal). Writing – original draft: Zhenfei Yang (Equal), 
Haiyue Cao (Equal). Software: Zhenfei Yang (Lead). 
Methodology: Jianguo Wang (Equal), Apeng Lin (Equal). 
Writing – review & editing: Wei Li (Lead). Funding acqui

Effects of dietary Lactobacillus rhamnosus supplementation on growth performance, antioxidant properties,…

Israeli Journal of Aquaculture - Bamidgeh 323



sition: Lin Song (Lead). Supervision: Xiaofeng Tang (Lead). 
Project administration: Fugang Qi (Lead). Data curation: 
Pingping Meng (Lead). Resources: Zhongyu Feng (Lead). 

COMPETING OF INTEREST – COPE 

No competing interests were disclosed 

ETHICAL CONDUCT APPROVAL – IACUC 

This study involving animals has consulted the ‘Animal Re
search: Reporting In Vivo Experiments’ (ARRIVE) guide
lines 2.0, ensuring that the data from animal experiments 
can be thoroughly scrutinized and utilized. 

INFORMED CONSENT STATEMENT 

All authors and institutions have confirmed this manuscript 
for publication. 

DATA AVAILABILITY STATEMENT 

All are available upon reasonable request. 

Submitted: October 05, 2024 CST. Accepted: November 08, 
2024 CST. Published: December 09, 2024 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. 

Effects of dietary Lactobacillus rhamnosus supplementation on growth performance, antioxidant properties,…

Israeli Journal of Aquaculture - Bamidgeh 324



REFERENCES 

1. Li W, Xiao Z, Zhao X, et al. Effect of initial size and 
stocking density on growth and yield of Chinese 
mitten-handed crab Eriochier sinensis in rice fields. 
Fisheries Science. 2009;28(01):36-39. doi:10.16378/
j.cnki.1003-1111.2009.01.010 

2. Zhang C, Zhang Q, Pang Y, et al. The protective 
effects of melatonin on oxidative damage and the 
immune system of the Chinese mitten crab (Eriocheir 
sinensis) exposed to deltamethrin. Science of the Total 
Environment. 2019;653:1426-1434. doi:10.1016/
j.scitotenv.2018.11.063 

3. Ganguly S, Paul I, Mukhopadhayay SKJTIjoaB. 
Application and Effectiveness of Immunostimulants, 
Probiotics, and Prebiotics in Aquaculture: A Review. 
The Israeli journal of aquaculture = Bamidgeh. 
2010;62(3):130-138. doi:10.46989/001c.38880 

4. Bäumler AJ, Sperandio V. Interactions between the 
microbiota and pathogenic bacteria in the gut. 
Nature. 2016;535(7610):85-93. doi:10.1038/
nature18849 

5. Hooper LV, Littman DR, Macpherson AJJS. 
Interactions Between the Microbiota and the Immune 
System. science. 2012;336(6086):1268-1273. 
doi:10.1126/science.1223490 

6. Gerritsen J, Smidt H, Rijkers GT, et al. Intestinal 
microbiota in human health and disease: the impact 
of probiotics. GENES AND NUTRITION. 
2011;6(3):209-240. doi:10.1007/s12263-011-0229-7 

7. Shao YE, Fang RJJoITM. Research Progress of 
Intestinal Microbiota in Inflammatory Bowel 
Diseases. Journal of International Translational 
Medicine. 2017;5(2). doi:10.11910/
2227-6394.2017.05.02.09 

8. Bercik P, Collins SM, Verdu EFJN, et al. Microbes 
and the gut-brain axis. Neurogastroenterol Motil. 
2012;24(5):405-413. doi:10.1111/
j.1365-2982.2012.01906.x 

9. Goldstein EJ, Tyrrell KL, Citron DM. Lactobacillus 
species: taxonomic complexity and controversial 
susceptibilities. Clinical Infectious Diseases. 2015;60 
Suppl 2:S98-107. doi:10.1093/cid/civ072 

10. Shanshan, Peng, Youjun, et al. 
Immunomodulatory activities of Lactobacillus 
rhamnosus ZDY114 anddonkey milk in BALB/c mice. 
International Dairy Journal. 2014;34:263-266. 
doi:10.1016/j.idairyj.2013.07.018 

11. Lebeer S, Claes I, Tytgat HL, et al. Functional 
analysis of Lactobacillus rhamnosus GG pili in relation 
to adhesion and immunomodulatory interactions 
with intestinal epithelial cells. Applied and 
Environmental Microbiology. 2012;78(1):185-193. 
doi:10.1128/aem.06192-11 

12. Liu L, Zhang G, Qu G, et al. Effects of dietary 
Lactobacillus rhamnosus GG supplementation on the 
production performance, egg quality, eggshell 
ultrastructure, and lipid metabolism of late-phase 
laying hens. BMC Vet Res. 2023;19(1):150. 
doi:10.1186/s12917-023-03719-9 

13. Yasmine MF, Inhwan Y, Jung HKMJVRC. 
Management of dog sperm parameters and gut 
microbiota composition with Lactobacillus rhamnosus 
supplementation. Veterinary research communications. 
2023;47(3):1629-1640. doi:10.1007/
s11259-023-10116-y 

14. L Z, XW L, XG W, et al. Effects of Fish Oil 
Replacement by Blending Vegetable Oils in Fattening 
Diets on Gonadal Development, Lipid Metabolism, 
Antioxidant and Immune Capacities of Adult Male 
Chinese Mitten Crab (Eriocheir sinensis). Chinese 
Journal of Animal Nutrition. 2016;28(002):455-467. 

15. Dawood MAO, Koshio S, Ishikawa M, et al. Effects 
of heat killed Lactobacillus plantarum (LP20) 
supplemental diets on growth performance, stress 
resistance and immune response of red sea bream, 
Pagrus major. Aquaculture. 2015;442:29-36. 
doi:10.1016/j.aquaculture.2015.02.005 

16. Chen F, Gao SS, Zhu LQ, et al. Effects of dietary 
Lactobacillus rhamnosus CF supplementation on 
growth, meat quality, and microenvironment in 
specific pathogen-free chickens. Poultry Science. 
2018;97(1):118-123. doi:10.3382/ps/pex261 

17. Suzer C, Coban D, Kamaci HO, et al. Lactobacillus 
spp. bacteria as probiotics in gilthead sea bream 
(Sparus aurata, L.) larvae: Effects on growth 
performance and digestive enzyme activities. 
Aquaculture. 2008;280(1/4):140-145. doi:10.1016/
j.aquaculture.2008.04.020 

18. Dawood MA, Koshio S, Ishikawa M, et al. Effects 
of partial substitution of fish meal by soybean meal 
with or without heat-killed Lactobacillus plantarum 
(LP20) on growth performance, digestibility, and 
immune response of amberjack, Seriola dumerili 
juveniles. Biomedical Research International. 
2015;2015:514196. doi:10.1155/2015/514196 

Effects of dietary Lactobacillus rhamnosus supplementation on growth performance, antioxidant properties,…

Israeli Journal of Aquaculture - Bamidgeh 325

https://doi.org/10.16378/j.cnki.1003-1111.2009.01.010
https://doi.org/10.16378/j.cnki.1003-1111.2009.01.010
https://doi.org/10.1016/j.scitotenv.2018.11.063
https://doi.org/10.1016/j.scitotenv.2018.11.063
https://doi.org/10.46989/001c.38880
https://doi.org/10.1038/nature18849
https://doi.org/10.1038/nature18849
https://doi.org/10.1126/science.1223490
https://doi.org/10.1007/s12263-011-0229-7
https://doi.org/10.11910/2227-6394.2017.05.02.09
https://doi.org/10.11910/2227-6394.2017.05.02.09
https://doi.org/10.1111/j.1365-2982.2012.01906.x
https://doi.org/10.1111/j.1365-2982.2012.01906.x
https://doi.org/10.1093/cid/civ072
https://doi.org/10.1016/j.idairyj.2013.07.018
https://doi.org/10.1128/aem.06192-11
https://doi.org/10.1186/s12917-023-03719-9
https://doi.org/10.1007/s11259-023-10116-y
https://doi.org/10.1007/s11259-023-10116-y
https://doi.org/10.1016/j.aquaculture.2015.02.005
https://doi.org/10.3382/ps/pex261
https://doi.org/10.1016/j.aquaculture.2008.04.020
https://doi.org/10.1016/j.aquaculture.2008.04.020
https://doi.org/10.1155/2015/514196


19. Beck BR, Kim D, Jeon J, et al. The effects of 
combined dietary probiotics Lactococcus lactis 
BFE920 and Lactobacillus plantarum FGL0001 on 
innate immunity and disease resistance in olive 
flounder (Paralichthys olivaceus). Fish Shellfish 
Immunol. 2015;42(1):177-183. doi:10.1016/
j.fsi.2014.10.035 

20. Dawood MA, Koshio S, Ishikawa M, et al. Effects 
of dietary supplementation of Lactobacillus 
rhamnosus or/and Lactococcus lactis on the growth, 
gut microbiota and immune responses of red sea 
bream, Pagrus major. Fish Shellfish Immunol. 
2016;49:275-285. doi:10.1016/j.fsi.2015.12.047 

21. Patterson E, Ryan PM, Cryan JF, et al. Gut 
microbiota, obesity and diabetes. Postgrad Med. 
2016;92(1087):286-300. doi:10.1136/
postgradmedj-2015-133285 

22. Bibbò S, Ianiro G, Giorgio V, et al. The role of diet 
on gut microbiota composition. European Review for 
Medical and Pharmacological Sciences. 
2016;20(22):4742-4749. 

23. Wang J, Yin L, Zheng W, et al. Lactobacillus 
rhamnosus GG normalizes gut dysmotility induced by 
environmental pollutants via affecting serotonin 
level in zebrafish larvae. World J Microbiol Biotechnol. 
2022;38(12):222. doi:10.1007/s11274-022-03409-y 

24. Hong Y, Huang Y, Wu S, et al. Effects of 
imidacloprid on the oxidative stress, detoxification 
and gut microbiota of Chinese mitten crab, Eriocheir 
sinensis. The Science of the total environment. 
2020;729:138276. doi:10.1016/
j.scitotenv.2020.138276 

25. Smriga S, Sandin SA, Azam F. Abundance, 
diversity, and activity of microbial assemblages 
associated with coral reef fish guts and feces. FEMS 
Microbiology Ecology. 2010;73(1):31-42. doi:10.1111/
j.1574-6941.2010.00879.x 

26. Ley RE, Turnbaugh PJ, Klein S, et al. Microbial 
ecology: human gut microbes associated with obesity. 
Nature. 2006;444(7122):1022-1023. doi:10.1038/
4441022a 

27. Kostanjsek R, Strus J, Avgustin G. “Candidatus 
Bacilloplasma,” a novel lineage of Mollicutes 
associated with the hindgut wall of the terrestrial 
isopod Porcellio scaber (Crustacea: Isopoda). Applied 
and Environmental Microbiology. 
2007;73(17):5566-5573. doi:10.1128/aem.02468-06 

28. Sun YF, Han WF, Liu J, et al. Microbiota 
comparison in the intestine of juvenile Chinese 
mitten crab Eriocheir sinensis fed different diets. 
Aquaculture. 2020;515. doi:10.1016/
j.aquaculture.2019.734518 

29. Chen WY, Ng TH, Wu JH, et al. Microbiome 
Dynamics in a Shrimp Grow-out Pond with Possible 
Outbreak of Acute Hepatopancreatic Necrosis 
Disease. Scientific Reports. 2017;7(1):9395. 
doi:10.1038/s41598-017-09923-6 

Effects of dietary Lactobacillus rhamnosus supplementation on growth performance, antioxidant properties,…

Israeli Journal of Aquaculture - Bamidgeh 326

https://doi.org/10.1016/j.fsi.2014.10.035
https://doi.org/10.1016/j.fsi.2014.10.035
https://doi.org/10.1016/j.fsi.2015.12.047
https://doi.org/10.1136/postgradmedj-2015-133285
https://doi.org/10.1136/postgradmedj-2015-133285
https://doi.org/10.1007/s11274-022-03409-y
https://doi.org/10.1016/j.scitotenv.2020.138276
https://doi.org/10.1016/j.scitotenv.2020.138276
https://doi.org/10.1111/j.1574-6941.2010.00879.x
https://doi.org/10.1111/j.1574-6941.2010.00879.x
https://doi.org/10.1038/4441022a
https://doi.org/10.1038/4441022a
https://doi.org/10.1128/aem.02468-06
https://doi.org/10.1016/j.aquaculture.2019.734518
https://doi.org/10.1016/j.aquaculture.2019.734518
https://doi.org/10.1038/s41598-017-09923-6

	Effects of dietary Lactobacillus rhamnosus supplementation on growth performance, antioxidant properties, and gut microbiota alterations on Chinese mitten crab, Eriocheir Sinensis
	Introduction
	Materials and Methods
	Experimental material
	Experimental design and feeding trial
	Sample collection
	Antioxidant-related parameters assay
	Intestinal microflora analysis
	Statistical analysis

	Results
	Growth performance
	Activities of immune- and antioxidant-related enzymes.
	OTU clusters and alpha diversity of microbiota in intestinal contents
	Analysis of Beta diversity of bacteria and microbial composition differences after dietary L. rhamnosus supplementation
	Analysis of microbial composition differences groups under L. rhamnosus supplement

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

	References


