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The fermentation products of Astragalus have been acknowledged for their ability to 
enhance immune functions. This study assessed the impact of incorporating Astragalus, 
fermented with Lactobacillus plantarum and Bacillus coagulans, on crucian carp’s growth, 
disease resistance, and immunological characteristics. The experimental groups were fed 
with common feed (C), C + Astragalus (A), A + Lactobacillus plantarum (AL), A + Bacillus 
coagulans (AB), and AL + Bacillus coagulans (ALB). The fermented products were mixed 
with common feed at a 1:99 ratio, and crucian carp were fed 2% of their body weight for 
four weeks, with sampling conducted on days 3, 7, 14, 21, and 28. Disease resistance was 
evaluated using Aeromonas hydrophila (A. hydrophila) at a concentration of 0.2 mL 
(1.0×107 CFU/mL). The final weights in the AL, AB, and ALB groups significantly 
increased compared to the C group. The ALB group exhibited elevated serum albumin 
levels, alkaline phosphatase, intestinal lipase, protease enzyme, C3, and IgM gene 
expression compared to the C group. At the same time, alanine aminotransferase, 
aspartate aminotransferase, and glucose contents were significantly reduced. The 
survival rate significantly increased in all experimental groups after treatment with A. 
hydrophila. In conclusion, Astragalus products fermented with Lactobacillus plantarum 
and Bacillus coagulans could effectively improve crucian carp’s growth, disease resistance, 
and immune response. 

INTRODUCTION 

Crucian carp (Carassius auratus) holds significant impor-
tance in freshwater aquaculture in China, highly preferred 
by farmers for its brief breeding cycle and delectable meat.1 

In 2021, China’s crucian carp output reached 2.78 million 
tons. However, the rapid expansion of crucian carp aquacul-
ture has led to escalating environmental degradation, pos-
ing a threat to the industry’s sustained development. Dis-
eases stand out as a pivotal factor impeding the growth of 
the crucian carp aquaculture sector.2 Additionally, the ex-
cessive use of antibiotics raises concerns about pathogen 
drug resistance, the proliferation of multidrug-resistant 
bacteria, disruptions to gut microbiota, environmental pol-
lution, and related issues.3 Therefore, developing environ-
mentally friendly, effective medications free from residues 
is crucial for disease prevention in crucian carp. 

Chinese herbal medicine has shown promise in enhanc-
ing fish health, elevating survival and growth rates, and 
enhancing immune responses.4 An increasing body of ev-
idence suggests that combining microorganism fermenta-
tion with Chinese herbal medicine can enhance the ther-
apeutic effects of drugs.5 The microbial fermentation 
process of Chinese herbal medicines can produce numerous 
secondary metabolites, which has high efficiency, low toxi-
city, minimal residues, and mild reaction conditions.6 This 
process degrades macromolecules into smaller, less harm-
ful compounds, minimizing side effects.7 

Astragalus, known for its immune-boosting properties 
and ability to protect kidneys and regulate antiviral reac-
tions, is commonly used to treat aquatic animal diseases. 
Lactobacillus plantarum (L. plantarum) and Bacillus coagu-
lans (B. coagulans) prevalent in the fermentation products 
of animals and plants,8 have been extensively used in 
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shrimp and fish farming.9 Previous research has indicated 
that mixed fermentation can enhance Astragalus polysac-
charide (APS) content and degrade high molecular weight 
proteins.10 However, the effects of supplementing fish diets 
with fermentation products of Astragalus, L. plantarum, and 
B. coagulans remain unexplored. This study aimed to inves-
tigate the potential effects of incorporating fermentation 
products of L. plantarum, Astragalus, and B. coagulans on 
crucian carp. We provided hitherto undocumented evidence 
of the impact of different fermentation products on growth 
performance, serum indexes, liver and intestine morphol-
ogy, and the expression of immune-related genes in crucian 
carp. Additionally, the study explored the effects of differ-
ent diets on the survival rate of Aeromonas hydrophila (A. 
hydrophila)-infected crucian carp. Notably, the cumulative 
survival rate in the mixed fermentation group by L. plan-
tarum, Astragalus, and B. coagulans reached 60% after in-
fection with A. hydrophila. These findings hold implications 
for applying mixed fermentation products by L. plantarum, 
Astragalus, and B. coagulans in aquaculture and provide di-
rections for future research. 

MATERIALS AND METHODS 
EXPERIMENTAL DIETS 

The experimental diet comprised standard feed with basic 
components, including fat, protein, water, and ash content, 
with a feed diameter of 2 mm. L. plantarum (YFI-7, CCTCC: 
M 2019656) and B. coagulans (YFI-NJ2, CCTCC: M 2021313) 
powders were prepared by freeze-drying to 1.0×109 colony-
forming units (CFU)/g. After resuspending in phosphate-
buffered saline (PBS), L. plantarum and B. coagulans con-
centrations were 1.0×108 CFU/mL,10 respectively. A mixture 
of 0.5 mL L. plantarum, 0.5 mL B. coagulans, and 1 g Astra-
galus was sealed in a 50 mL centrifuge tube, incubated at 
37°C for 48 h and fermentation products were mixed with 
common feed at a ratio of 1:99.10 The feed was freeze-dried 
for 24 h, stored in sealed bags at 4°C. It is produced twice a 
week to maintain the cell count of L. plantarum and B. co-
agulans. 

EXPERIMENTAL FISH 

Experimental crucian carp (29 ± 1 g) were obtained from the 
Wuhan Academy of Agricultural Science (Wuhan, China) 
and temporarily cultured in breeding boxes for 14 days be-
fore feeding experiments. Aquaculture water conditions in 
the breeding tank were maintained at a pH of 7.8 ± 0.2, tem-
perature of 25 ± 1°C, and dissolved oxygen level of 6.5 ± 0.5 
mg/L, and the water used was sourced from a tap that had 
been aerated for more than 48 hours. Crucian carp were fed 
at a rate of 2% of their body weight and twice a day at 9:00 
and 17:00, respectively. 

FEEDING FREQUENCY 

The fish were fed regularly with common feed during the 
acclimatization period. After 14 days of acclimation, nine 
hundred fish were randomly divided into five groups (each 

with three boxes) and fed with common feed (C), C + As-
tragalus (A), A + Lactobacillus plantarum (AL), A + Bacillus 
coagulans (AB), and AL + Bacillus coagulans (ALB) for 28 
days. Sampling analysis was conducted on days 3, 7, 14, 21, 
and 28 to study the crucian carp’s response to fermentation 
products. 

GROWTH PERFORMANCE 

During the trial, the weights of the crucian carp were mea-
sured at the beginning and end for each group. Growth 
performance parameters were calculated for crucian carp: 
weight gain ratio (WGR, %), specific growth rate (SGR, 
%/day), condition factor (CF, %), feed conversion ratio 
(FCR), and survival rate (SR, %). 
WGR (%) = ((Final average body weight − initial average 

body weight)/initial body weight) × 100 
SGR (%/day) = ((ln (final average body weight) − ln (ini-

tial average body weight))/days) × 100 
CF (%) = (Final body weight/ (body length (cm))3) × 100 
FCR = Total feed intake / (final average body weight − ini-

tial average body weight) 
SR (%) = (Number of fishes that survived at the end of ex-

perimentation/Number of fishes at the initiation of experi-
mentation) × 100. 

SERUM BIOCHEMICAL ANALYSIS 

Three crucian carps were selected from each tank; their 
tail vein blood was collected with a 1 mL syringe and in-
jected into the plastic Eppendorf tubes. The blood was left 
at 4°C for 6 h and then centrifuged at 3000 × g for 10 min. 
The 0.2 mL of upper serum was taken from each sample 
for serum biochemical index analysis (serum was analyzed 
immediately after collection), and excess serum was stored 
at -80°C. The Olympus 600 automatic biochemical ana-
lyzer (Olympus, Tokyo, Japan) was used to measure glucose 
(GLU), aspartate aminotransferase (AST), albumin (ALBN), 
alanine aminotransferase (ALT), alkaline phosphatase 
(ALP), and total protein (TP) in serum by using a commer-
cial kit (Dibao, Guangzhou, China). The specific detection 
wavelengths for GLU, AST, ALBN, ALT, ALP, and TP are 500 
nm, 340 nm, 630 nm, 340 nm, 405 nm, and 540 nm, respec-
tively. 

HISTOPATHOLOGICAL ANALYSIS OF LIVER AND 
INTESTINE OF CRUCIAN CARP 

The liver and intestine tissues of crucian carp were col-
lected from C, A, AL, AB, and ALB groups. The tissues were 
fixed with 4% paraformaldehyde, dehydrated with a gra-
dient series of ethanol, embedded in paraffin, and sliced 
using microtomes (Thermo, Waltham, USA). Hematoxylin-
eosin was used to stain the tissue (Solarbio, Beijing, China), 
and optical microscopy was used for observation (Olympus, 
Tokyo, Japan).10 
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Table 1. Sequences of the primer pairs used in real-time PCR          

Genes Primer sequence GenBank accession number 

β-actin F: 5′-GATGATGAAATTGCCGCACTG-3′ 
R: 3′-ACCGACCATGACGCCCTGATGT-5′ AB039726 

IL-1β F: 5′-GCGCTGCTCAACTTCATCTTG-3′ 
R: 3′-GTGACACATTAAGCGGCTTCA-5′′ LC008369.1 

IFN-α F: 5′-GACCCTGTACAACTTGACAGA-3′ 
R: 3′-TCAGATGACTGCCTCTGCAGG-5′ AJ249137 

IL-10 F: 5′-AGTGAGACTGAAGGAGCTCCG-3′ 
R: 3′-TGGCAGAATGGTGTCCAAGTA-5′ MN868306.1 

C3 F: 5′-AGTGAAATGGTGGAAGCAGAAAG-3′ 
R: 3′-TACGTATACCGAGACATCGAAGG-5′ KF110786 

IgM F: 5′-GTGGAACTTGATGCCCCAAT-3′ 
R: 3′-CATCAGCAAGCCAAGACACAA-5′ MK272741.1 

Note: β-actin (Beta-actin); IL-10 (Interleukin-10); IL-1β (Interleukin-1β); IFN-α (Interferon alfa); C3 (Complement C3); IgM (Immunoglobulin M). 

INTESTINE DIGESTIVE ENZYME ACTIVITIES 

To determine digestive enzyme activity, three randomly se-
lected crucian carps were sampled from each tank, and 
foregut tissue was taken and placed in Eppendorf tubes 
stored at -80°C. The activities of amylases, lipases, and 
proteases in the intestine were determined by a UV spec-
trophotometer (Thermo, Waltham, USA) and a microplate 
reader (Biotek, Winooski, USA) using an enzyme activity 
test kit (Jiancheng, Nanjing, China). 

EXPRESSION OF IMMUNE-RELATED GENES IN CRUCIAN 
CARP 

Three fish were randomly selected to be euthanized with 
tricaine methanesulfonate MS222 (20 mg/L, sIgMa). Total 
RNA was isolated from the liver, spleen, kidney, and midgut 
tissues of crucian carp with TRIzol reagent (Invitrogen, 
Carlsbad, USA). Samples were stored at -80°C, and the 
quality and quantity of RNA were assessed by a gel imaging 
system (Bio-Rad, Hercules, CA, USA) and spectrophotome-
ters (Thermo Fisher, Massachusetts, USA). According to the 
manufacturer’s instructions, RNA was reverse transcribed 
into cDNA using a kit (TaKaRa, Dalian, China). Primers 
were verified to be specific; the melt curve displayed a sin-
gle peak, and the threshold period was less than 30 min. 
The PCR thermal cycling settings included a 5-minute de-
naturation step at 95°C, followed by 30 cycles of denatu-
ration at 95°C for 20 s, annealing at 56°C for 20 s, and a 
final extension at 72°C for 20 s. The same program was ap-
plied to all primers. The expression levels of the target gene 
were calculated by the 2-∆∆Ct method using the primers β-
actin,11 IL-10,4 IL-1β,11 IFN-α,4 C3,12 IgM.13 β-actin was 
the housekeeping gene, and all genes used are listed in 
Table 1 . 

CHALLENGE TEST 

After feeding for 28 days, the challenge test was conducted 
with A. hydrophila for each group. Thirty fish were ran-

domly selected in each group, and 0.2 mL A. hydrophila 
(1.0×107 CFU/mL) was injected into the fin intraperi-
toneally. Counts of deceased crucian carp were conducted 
every 24 hours for ten days after the challenge. It was nec-
essary to collect diseased fish, and then conduct pathogen 
detection and identification to ensure that the crucian carp 
was killed by A. hydrophila. 

STATISTICAL ANALYSIS 

The results were expressed as mean ± standard deviation 
(SD). Statistical analyses were performed using GraphPad 
Prism 8.0 Version X (La Jolla, USA). The one-way analysis of 
variance (ANOVA) was applied, followed by post hoc analy-
ses using Bonferroni test. Statistical significance was con-
sidered significant when p < 0.05. To ensure robustness, at 
least three biological replications were performed for each 
analysis.10 

RESULTS 
GROWTH PERFORMANCE 

The survival rate of crucian carp in all five groups remained 
at 100% throughout the 28-day feeding trial (Table 2 ). No-
tably, the final weight of fish in the AL, AB, and ALB groups 
showed a significant increase compared to group C. How-
ever, no significant differences were observed in either the 
Weight Gain Ratio (WGR) or Specific Growth Ratio (SGR) 
among the fish in the different groups. Furthermore, the 
additives did not significantly influence the CF and FCR 
across all groups. 

SERUM BIOCHEMICAL PARAMETERS 

Compared to group C, the ALB group exhibited a significant 
reduction in ALT, AST, and GLU indices, while ALBN, ALP, 
and TP showed significant increases (Figure 1 ). By day 28, 
ALT and GLU levels in groups A, AL, AB, and ALB were 
lower than in group C. AST levels in groups A, AL, AB, and 
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Table 2. The growth performance of crucian carp fed different fermentation products for 28 days.              

Items Groups 

C A AL AB ALB 

Initial weight (g) 29.23 ± 0.20 29.10 ± 0.32 30.33 ± 0.29 29.53 ± 0.35 29.63 ± 0.32 

Final weight (g) 41.30 ± 0.17a 41.94 ± 0.52a 44.14 ± 0.18b 43.43 ± 0.23b 42.91 ± 0.32b 

WGR (%) 41.28 ± 0.39 44.12 ± 0.44 45.53 ± 0.93 47.10 ± 2.49 47.69 ± 1.72 

SGR (%/d) 1.23 ± 0.01 1.31 ± 0.01 1.34 ± 0.02 1.38 ± 0.06 1.39 ± 0.04 

SR (%) 100 100 100 100 100 

CF (g/cm3) 2.99 ± 0.04 3.01 ± 0.11 3.03 ± 0.05 2.99 ± 0.06 3.07 ± 0.10 

FCR (%) 1.63 ± 0.25 1.61 ± 0.25 1.62 ± 0.54 1.57 ± 0.33 1.58 ± 0.52 

Note: Common feed (C), C + Astragalus (A), A + Lactobacillus plantarum (AL), A + Bacillus coagulans (AB), AL + Bacillus coagulans (ALB); Weight gain ratio (WGR, %), Specific growth 
rate (SGR, %/day), Condition factor (CF, %), Feed conversion ratio (FCR), Survival rate (%). Results are expressed as means ± standard deviation (SD). Values in each row with differ-
ent superscripts indicate significant differences among treatments at p <0.05. 

Figure 1. Changes in serum biochemical indices of crucian carp during culture.           
Common feed (C), C + Astragalus (A), A + Lactobacillus plantarum (AL), A + Bacillus coagulans (AB), AL + Bacillus coagulans (ALB); Glucose (GLU), Aspartate aminotransferase (AST), 
Albumin (ALBN), Alanine aminotransferase (ALT), Alkaline phosphatase (ALP), Total protein (TP). * indicate significant differences among treatments (p <0.05). 

ALB were lower than in group C on day 3, with only the ALB 
group showing a significant decrease by day 28, demon-
strating 0.88-fold lower AST compared to the C group. The 
ALBN levels in groups AB and ALB remained consistent 
and higher than those in group C after 14 days. ALP levels 
in groups AB and ALB increased as the feeding trial pro-
gressed, reaching 1.41 and 1.51-fold higher than in group C 
on day 28. Furthermore, the TP content in the AB and ALB 
groups increased throughout the feeding trial, surpassing 
that of group C after 14 days of feeding. 

HISTOPATHOLOGICAL ANALYSIS 

The aspect ratio of midgut intestinal folds did not exhibit 
significant differences between the various groups (Figure  
2). Histological analysis revealed that the aspect ratio of 
intestinal folds in group A was lower than in group C, 
but higher in groups AL, AB, and ALB. Goblet cells main-
tained an orderly arrangement across all groups, appearing 
more significant and prominent in the ALB group. Impor-
tantly, intestinal morphology remained uncompromised in 
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Figure 2. Analysis of intestinal and liver morphology of crucian carp after 28 d of feeding different fermentation                 
products.  
(a) Intestinal aspect ratio. (b) Intestinal morphology. Circles representing goblet cells. (c) Liver morphology. Circles represent vacuolated cells. Common feed (C), C + Astragalus (A), 
A + Lactobacillus plantarum (AL), A + Bacillus coagulans (AB), AL + Bacillus coagulans (ALB). 

all groups, confirming the safety of feeding Astragalus and 
its fermented products to crucian carp. While a slight 
amount of cellular vacuolation was observed in the liver of 
groups C and A, the liver cells of groups AL, AB, and ALB 
displayed a neat and tightly arranged structure. 

INTESTINE DIGESTIVE ENZYME ACTIVITIES 

A significant difference was observed between groups ALB 
and C concerning lipase and protease activities in the intes-
tine (Figure 3 ). Within the initial three days, lipase activ-
ity in groups AL, AB, and ALB surpassed group C. Notably, 
on day 28, the lipase activity in the ALB group exhibited a 
remarkable 1.67-fold increase compared to group C. While 
the protease activity in group A peaked on day 21, it contin-
ued to rise steadily in the ALB group throughout the feed-
ing trial, reaching a 1.68-fold higher level than in group C 
on day 28. Additionally, the intestinal amylase activity in 
the AB group surpassed that of group C on days 3, 7, 14, 21, 
and 28. 

CHANGES IN IMMUNE-RELATED GENE EXPRESSION 

The expression levels of immune-related genes encoding 
interleukin (IL)-10, interferon (IFN)-α, IL-1β, C3, and IgM 
in the spleen, liver, kidney, and midgut of crucian carp were 
assessed on days 3, 7, 14, 21, and 28, respectively (Figure  
4). Relative to group C, the expression levels of most im-
mune genes increased following the consumption of fer-
mented Astragalus products and probiotics. Notably, these 
upregulated expression levels were more pronounced in the 
liver and midgut compared to the spleen and kidney, with 

the heightened expression initiating earlier in the liver and 
midgut. In this study, significant upregulation was observed 
in the expression levels of IgM in the liver, spleen, and kid-
ney, as well as C3 in the liver, spleen, and midgut. Further-
more, IL-10 and IFN-α expression levels in the liver, spleen, 
midgut, and kidney were significantly increased. Although 
the expression of IL-1β in the liver, spleen, midgut, and 
kidney did not exhibit a consistent pattern, a decrease was 
noted on day 28. 

PATHOGEN CHALLENGE 

Following the 28-day feeding period with the fermentation 
products, crucian carp in the various groups were chal-
lenged with A. hydrophila. The findings revealed that after 
10 days, the ALB group exhibited the highest cumulative 
survival rate, reaching 60%. In comparison, the cumulative 
survival rates for groups C, A, AL, and AB were 15%, 40%, 
50%, and 45%, respectively (Figure 5 ). 

DISCUSSION 
THE FERMENTATION PRODUCTS COULD SIGNIFICANTLY 
INCREASE THE FINAL WEIGHT OF FISH 

When used as feed additives, probiotics can positively affect 
the host, including disease prevention, growth promotion, 
and enhancement of immune responses.14 Consequently, 
they have been extensively used in aquaculture. Specifi-
cally, B. coagulans and L. plantarum have been shown to in-
crease the WGR and SGR of Litopenaeus vannamei.8 Addi-
tionally, dietary supplementation of APS has demonstrated 
a significant increase in the SGR, feed conversion ratio 
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Figure 3. Intestinal digestive enzyme activity of crucian carp.        
C + Astragalus (A), A + Lactobacillus plantarum (AL), A + Bacillus coagulans (AB), AL + Bacillus coagulans (ALB). * indicate significant differences among treatments (p <0.05) 

Figure 4. Expression of immune-related genes in liver, spleen, kidney, and midgut tissue of crucian carp.               
C + Astragalus (A), A + Lactobacillus plantarum (AL), A + Bacillus coagulans (AB), AL + Bacillus coagulans (ALB). 

(FCR), WGR, and feed intake (FI) of Oreochromis niloticus.15 

Our study results align with the observed increase in the fi-
nal weight of fish in the AL, AB, and ALB groups, although 
no significant differences were noted in WGR, SGR, FCR, 
and CF. It is essential to acknowledge that significant dif-
ferences in our results could stem from variations in exper-
imental design, forms, administration methods, and sam-
pling methodologies.16 The fermentation products could 
significantly increase the expression level of albumin 
(ALBN), alkaline phosphatase (ALP), and total protein (TP). 

Serum biochemical indicators serve as reflective mea-
sures of the health conditions of fish.17 Besides its role in 
enhancing immunity and mediating resistance to patho-
genic bacteria, ALP is an essential metabolic regulator en-
zyme.4 APS and L. plantarum have been shown to increase 
ALP activity in crucian carp and rainbow trout.4 In our 
study, the ALP level in the ALB group was the highest, ex-
hibiting a 1.51-fold increase compared to group C on day 
28. APS has demonstrated a significant reduction in ALT 
and AST levels in the serum of crucian carp.1 GLU serves 
as a sensitive indicator for evaluating the stress state of or-
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Figure 5. Cumulative survival rate of crucian carp       
following  A. hydrophila   challenge.  
Common feed (C), C + Astragalus (A), A + Lactobacillus plantarum (AL), A + Bacillus coag-
ulans (AB), AL + Bacillus coagulans (ALB). * indicate significant differences among treat-
ments (p <0.05). 

ganisms.18 Herein, the GLU content in group AL was the 
lowest, showing a 0.80-fold decrease compared to group C 
on day 28. The gradual decrease in GLU may be attributed 
to metabolic changes.19 Dietary B. coagulans has been 
linked to increased TP and ALBN levels in the serum of 
Litopenaeus vannamei and Oreochromis niloticus.20 In our 
investigation, TP and ALBN in groups AB and ALB experi-
enced significant increases, possibly attributable to the in-
creased abundance of B. coagulans during the fermentation 
process with Astragalus.10 In addition, different additives 
may have varying effects on fish, dependent on factors such 
as consumption amounts, changes in consumption time, 
the sources of additives, and the specific species involved.21 

THE FERMENTATION PRODUCTS COULD IMPROVE 
INTESTINAL AND LIVER MORPHOLOGY 

The liver plays an important role in innate immunity in 
fish and mammals. In our study, liver cells in groups AL, 
AB, and ALB exhibited a more homogeneous and tightly 
arranged structure than group C. Living lactic acid bacteria 
produce short-chain fatty acids in the host digestive tract, 
serving as the primary energy source for intestinal epithe-
lial cells.22 This production increases intestinal villi height, 
providing a larger surface area for nutrient absorption.22 

Previous studies showed that L. plantarum and B. coagulans 
could enhance intestinal villus height in rainbow trout and 
Penaeus vannamei, thereby improving intestinal integrity.23 

In our investigation, the aspect ratio of intestinal folds in 
groups AL, AB, and ALB experienced an increase, with the 
highest observed in ALB, reaching a 1.27-fold higher value 
than in group C. Additionally, goblet cells in the ALB group 
appeared clearer. This observation may be attributed to the 
mixed fermentation products of L. plantarum, B. coagulans, 
and Astragalus, which can potentially reduce damage to the 
intestinal structure caused by pathogenic bacteria. Further-
more, they may promote the secretion of mucin protein by 
goblet cells, hence contributing to the protection of intesti-
nal health.24 

EFFECTS OF FERMENTATION PRODUCTS ON INTESTINAL 
DIGESTIVE ENZYME ACTIVITIES 

In fish, the digestion and absorption of nutrients are pro-
foundly influenced by digestive enzyme activity, with en-
zyme activity directly reflecting the level of digestive abil-
ity. Previous studies have indicated that L. plantarum could 
enhance protease and lipase activities in crucian carp.25 In 
the present study, the lipase activity in the ALB group was 
notably 1.67-fold higher than that of group C on day 28. It is 
now understood that lipases play a crucial role in digestion 
as they degrade fats, particularly triacylglycerol.15 APS has 
significantly increased the intestinal activities of protease, 
lipase, and amylase enzymes in crucian carp.1 Our results 
align with these findings, demonstrating that the activities 
of lipase and protease in the ALB group were significantly 
higher than those in the C group. Digestive enzymes are vi-
tal in helping fish digest nutrients, facilitating easier ab-
sorption.26 

THE FERMENTATION PRODUCTS COULD SIGNIFICANTLY 
INCREASE THE EXPRESSION LEVEL OF IMMUNE GENES 

Changes in immune parameters play a crucial role in con-
tributing to fish resistance against pathogens.24 Inter-
leukin-10 (IL-10), a cytokine known for inhibiting inflam-
mation, has been reported to effectively suppress the 
release of cytokines that promote inflammation, thus play-
ing a pivotal role in inflammation relief.27 Previous studies 
have shown that B. coagulans and Lactococcus lactis L-19 
could upregulate IL-10 gene expression in the intestine 
of Cyprinus carpi and Channa argus,27 consistent with the 
findings in the present study. In the ALB group, the expres-
sion levels of C3, IgM, and IL-10 in the liver, spleen, kidney, 
and intestine were upregulated. C3 complement and IgM 
contribute to regulating fish immune responses through 
phagocytosis, exerting antibacterial effects. In the immune 
system, IL-1β plays an important role, and can influence 
the ability to resist invasion by bacteria and viruses.27 B. 
coagulans can increase the expression level of IL-1β in Ore-
ochromis niloticus.20 APS can significantly upregulate IL-10, 
IL-1β and IFN-α in liver, spleen, kidney and midgut of 
crucian carp.4 The present study demonstrated that the 
expression levels of IFN-α and IL-1β were decreased, in 
contrast with the literature, which could be attributed to 
differences in the species and age of fish and differences in 
the dose and types of probiotic bacteria.17 

THE FERMENTATION PRODUCTS COULD SIGNIFICANTLY 
IMPROVE THE DISEASE RESISTANCE OF CRUCIAN CARP 

A. hydrophila is a major pathogen causing bacterial sep-
ticemia and inflammation in fish, posing a serious threat 
to crucian carp aquaculture (Wang et al., 2022). Over the 
years, different probiotics, including Lactobacillus rhamno-
sus (60.87%), Lactobacillus casei (56.09%), and L. plantarum 
(41.46%) have been used to ferment the traditional Chinese 
medicine Sanguisorba officinalis, and A. hydrophila-infected 
crucian carp exhibited a higher survival rate than control 
carp following dietary supplementation (Wang et al., 2022). 
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The survival rate of CyHV-2 and Aeromonas veronii resis-
tance of crucian carp increased by 80% and 65% following 
supplementation of Astragalus, L. plantarum and B. coagu-
lans fermentation products.10 In the present study, the sur-
vival rate of fish in the experimental groups significantly 
improved after A. hydrophila infection, with the highest rate 
observed in group ALB (60%). This improvement may be at-
tributed to multiple factors. APS potentially reducing bac-
terial and viral infections; probiotics producing lactic acid 
and acetic acid, inhibiting pathogenic microorganisms, and 
exerting bactericidal effects on intestinal pathogenic bac-
teria.28 Thus, the addition of fermentation products from 
probiotics and Chinese medicines exhibited a good 
biosafety profile and contributed to enhancing the immu-
nity of crucian carp while preventing diseases. 
In this study, the incorporation of Astragalus products 

fermented by L. plantarum and B. coagulans into the diet ex-
hibited positive effects on the immune responses, growth 
performance, liver and intestinal morphology, intestinal di-
gestive enzyme activities, serum parameters, and disease 
resistance of crucian carp. Consequently, fermented Astra-
galus products from L. plantarum and B. coagulans repre-
sent promising feed additives for crucian carp aquaculture. 
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