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The consumption of fermented
Chinese herbs has resulted in
better intestinal health and
increased resistance to
Aeromonas hydrophila in
juvenile largemouth bass
(Micropterus salmoides)
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Jin Li1, Yachao Wang1* and Bo Liu3*

1College of Life Science and Engineering, Southwest University of Science and Technology,
Mianyang, Sichuan, China, 2Department of Animal Science, Leshan Academy of Agriculture Science,
Leshan, Sichuan, China, 3Key Laboratory of Freshwater Fisheries and Germplasm Resources
Utilization, Ministry of Agriculture and Rural Affairs, Freshwater Fisheries Research Center, Chinese
Academy of Fishery Sciences, Wuxi, China
Introduction: This research aimed to assess the impact of Fermented Chinese

herbs (FCHM) on the intestinal barrier, immunity, and protection against

Aeromonas hydrophila (A. hydrophila) infection in largemouth bass

(Micropterus salmoides).

Methods: Four experimental diets were formulated, including H0 (basal diet), H1,

H2, and H3, which contained 1%, 3%, and 5% FCHM added to the basal diet,

respectively. The fish were randomly allocated to four treatment groups, each

with 3 parallel per treatment, consisting of 20 fish per replicate and were raised

for 56 days.

Results and discussion: The experiment revealed that: compared with the

control group, adding 1% FCHM significantly improved the weight gain rate

(WGR) and specific growth rate (SGR) of the juvenile largemouth bass (P< 0.05).

The ingestion of FCHM substantially elevated the activities of CAT, SOD, GSH-PX,

APK, ACP, and LZM, and T-AOC level in the gut region of largemouth bass, while

decreasing the MDA content in intestine (P< 0.05). Supplementation with FCHM

enhanced the intestinal villus height and relative mRNA expression of intestinal

barrier genes ZO-1, Claudin, and Occludin in juvenile largemouth bass. After

injecting A.hydrophila, all groups of largemouth bass experienced mortality, but

the consumption of FCHM resulted in a decrease in cumulative mortality. After

infected with A.hydrophila, the antioxidant enzymes and immune enzymes

activities of all test groups were enhanced compared to those before infection,

and the antioxidant enzymes and immune enzymes activities of all groups were

considerably higher than the control after feeding FCHM (P< 0.05). After infected

with A.hydrophila, the intestinal MDA content of largemouth bass was higher

compared with that before infection in all cases (P< 0.05), but after feeding
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FCHM, the MDA content was lower than the control (P< 0.05). Upon consuming

FCHM, the mRNA relative expressions of pro-inflammatory biomarkers IL-1b,
TNF-a, IL-15 and IL-8 in largemouth bass infected with A.hydrophila were

decreased in comparison to the control group. In contrast, the mRNA

expression of the anti-inflammatory biomarkers TGF-b and IL-10 were

significantly elevated (P< 0.05). In summary, FCHM could improve the

intestinal morphology, immunity, and antioxidant capacity of juvenile

largemouth bass, and enhance it against A.hydrophila, with a better effect at

1% addition.
KEYWORDS

fermented Chinese herbs, largemouth bass, intestinal health, immunity
parameters, A.ydrophila
1 Introduction

China is a large aquaculture country, intensification of

aquaculture is an important part of Chinese fisheries, it has become

amajor growth point for fishermen to increase their income and rural

revitalization (Hou et al., 2021; Hu et al., 2021). Yet, the exacerbation

of the aquaculture process is affected by factors such as parasites,

bacteria, and fungi, which leads to outbreaks of diseases in aquatic

animals and causes mass mortality, seriously threatening aquaculture

industries (Valladão et al., 2015; Yarahmadi et al., 2016). Therefore,

enhancing the immunity and disease resistance of fish in aquaculture

has become increasingly crucial. The gut is the biggest immune organ

of fish (Fan and Pedersen, 2021). And plays a vital role in various

functions such as nutrient digestion and absorption, excretory

functions, resistance to pathogenic microorganisms, participation in

antimicrobial peptides and secretion of ingestion-regulating

hormones. If the function of the intestine has abnormalities, it will

affect the growth of the fish (Bischoff et al., 2014; Celi et al., 2019;

Zhao et al., 2021). In traditional aquaculture, antibiotics commonly

used to treatment disease in animals, but the misuse of antibiotics not

only created the problem of drug resistance, but use of these

antibiotics could have numerous adverse impacts on the water

system, animals and humans, and this treatment method has been

criticized (Sapkota et al., 2008; Milić et al., 2013; Kovalakova et al.,

2020). Therefore, fermented herbs have a good prospect as a green

feed additive after the era of antibiotics. Fermenting Chinese herbs

involves the use of enzymes and microorganisms to increase their

inherent properties and create new benefits (Hussain et al., 2016; Li

et al., 2020a). The fermentation could degrade cellulose, lignin and

other substances in the cell wall, the active ingredients were released,

and the active ingredients in herbs were dismantled to small moieties

to improve the effectiveness of the medicines (Mandebvu et al., 1999;

Chang et al., 2012; Hussain et al., 2016; Wang et al., 2016). Studies

have shown that fermented herbs are commonly employed in

farming due to their antioxidative, antidiarrheal, antiviral, and

hepatoprotective properties (Hussain et al., 2016). Feeding Bacillus

subtilis fermented citrus by-products to juvenile olive flounder Could

exert salutary influences on inborn immunity, thus improving the
02
ability of juvenile olive flounder to survive and resist disease (Lee

et al., 2013). In addition to enhancing the hematologic and

physiological traits of catfish, fermented herbs have positively

influenced the survival, specific growth, and feed conversion rates

of catfish (Syawal et al., 2021). Incorporating probiotic fermented

herbs into the diet of grouper may enhance their Growth capacity and

anti-oxidation ability, while also decreasing foregut lipase levels (Nie

et al., 2022). Furthermore, researchers have revealed that fermented

herbs could modify the intestinal oxidative stress and innate

immunity in fish by altering the gut microbiota, regulating the gut

barrier, and inflammatory response (Zhang et al., 2015; Park et al.,

2016; Wang et al., 2021b; Zhang et al., 2022).

Largemouth bass (Micropterus salmoides) is native to the United

States and it’s a freshwater fish species. During the 20th century, it was

introduced to China because of its rapid growth, adaptability, fresh

and tender meat, and has since become a primary species for

freshwater aquaculture in the country (Li et al., 2020b; Xu et al.,

2021). In order to reduce usage of antibiotics and guarantee the quality

and security of aquatic animals, fermented Chinese herbs have

emerged as a viable solution for improving the gut health of

largemouth bass and mitigating intestinal diseases. Our study aimed

to explore the impact of incorporating fermented Chinese herbs into

the diets of juvenile largemouth bass. Specifically, we examined the

effects on their intestinal barrier function, immunity, and resistance to

A.hydrophila. The goal was to offer effective strategies and insights for

promoting the healthy farming of largemouth bass.
2 Materials and methods

2.1 Diets

We prepared four test diets, including the basal diet and three

others with 1%, 3%, and 5% FCHM in the basal diets. The

components of the basal diet can be found in Table 1. FCHM was

made by reference to previous studies with slight improvements

(Zhou et al., 2021). The Chinese herbs (hailing from Sichuan,

China) were crushed and mixed with 35% distilled water 0.8%
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glucose, 4% cornstarch, 0.1% microorganisms, and enzymes. The

mixture was then fermented for 72 hours at a temperature of 36°.

The herbs used in the mixture included astragalus, cypress,

scutellaria, honeysuckle and dandelion (in a ratio of 3:2:3:3:2).

The microorganisms and enzymes were purchased from a market

and met the Product Standard No. Q/12JX 4450-2019. The

probiotics included Saccharomyces cerevisiae, Bacillus subtilis and

Lactobacillus plantarum, and the enzymes included xylanase, b-
mannanase, b-glucanase and cellulase.
2.2 Animals

The fish were acquired from a farm in Meishan, Sichuan, China,

and had an average weight of around 5 grams. These fish were

acclimated in the experimental environment for 14 days. After a 24-

hour period of starvation, the fish were divided randomly into 4

groups. The control group, H0, was given the basal diet, while

groups H1-H3 were given the basal diet added for FCHM at 1%, 3%,

and 5%, respectively. Each group had 3 parallels, with 20 fish in each

parallel, and the experiment was conducted in tanks measuring

1 m × 0.5 m × 1 m. The fish were fed once a day, at 8:30 am and 4:30

pm, with the amount of food adjusted based on the fry’s feeding and

growth. Every 2 days, we replaced 1/5 - 3/5 of the water and used a

pump to clearance feces from the bottom of the tank. The water

temperature was kept at a natural level (around 18 ± 3.5°), with

dissolved oxygen levels maintained at 6.0mg/L or higher, pH levels

at 7.0 ± 0.2, and ammonia nitrogen levels ≤ 0.02 mg/L. The entire

experiment was conducted over a period of 56-days.
2.3 A.hydrophila infection trial

Once the feeding trial concluded, the rest of the sampled fish

underwent an injection of A.hydrophila. In the pre-experiment, we

determined that the LC50 of A.hydrophila on the fish was 1.65 × 106
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CFU/ml an injectable rate of 0.2 ml per fish. After being anesthetized

with 50 ppm of MS-222 for 3-5 minutes, the test fish were injected

slowly with 0.2 ml of A.hydrophila liquid, which had a concentration

of 1.65×106 CFU/ml, into their abdominal cavity using a 1 ml injector.

The farming conditions was maintained unchanged throughout the

experiment, and daily mortality was monitored after A.hydrophila

infection, with cumulative mortality being calculated.

Cumulative mortality rate ( % )  = (D1=D2) � 100

“D1 refers to the total count of fish that have died, while D2

represents the complete number of fish that were tested.
2.4 Sample collection

At the end of the farming trial, ten fish were selected at random

from each parallel group following a 24-hour period of fasting.

Measure the weight and length of all fish to conduct a statistical

analysis of their growth performance. Following anesthesia using

200 ppmMS-2222, dissection was performed. The viscera and livers

of all fish were then weighed and recorded, and the midgut was

chosen randomly from 3 fish in each duplicate to be used in 10%

formaldehyde fixation for gut histological investigation. The guts of

the remaining fish were cryogenically frozen in liquid nitrogen and

refrigerated in -80°C. At day 3 following the hydrophilic toxicity

study, all fish were fasted for 24 hours, anesthetized with 200 ppm

MS-222, viscera were extracted and snap-frozen in liquid nitrogen

(-196°C) for testing. Samples were subsequently stored at -80°C.

Growth performance is calculated using the following formula:

HSI (Hepatosomatic index,   % )  =  100 �Mh=M :

VSI (Viscerosomatic index,   % )  =  100 �Mv=M=t

WGR(weight gain rate,   % )  = 100� (Mt −M0)=M0
TABLE 1 Basic diet ratios and nutritional levels.

Nutritional Composition Content(100%) Nutrient levels Content(100%)

Fish meal 44 Crude Ash 8.8

Soybean meal 12 Moisture 11.1

Flour 11 Crude lipid 15.7

Chicken powder 10 Crude protein 49.7

Cassava starch 8

Soybean oil 6

Ca(H2PO4)2 1.5

Squid ointment 4

Gluten 2

Premix1 1.5

Total 100
1Premix (per kg pre content): FeSO4 ·H2O 260 mg, Na2 SeO3 (1%) 50 mg, MnSO4·H2O 50 mg, ZnSO4·H2O 150 mg, KI 100 mg, CuSO4 ·5H2O 20 mg, CoCl2 (1%) 100 mg; inositol 100 mg, folic
acid 25 mg, nicotinamide 400 mg, VB12 20 mg, VB6 800 mg, VB2 1500 mg, VK 1000 mg, VD 2000000 IU, biotin 8 mg, VE 5000 UI, calcium pantothenate 25 mg, VB1 1500 mg, VA 8000000 IU.
frontiersin.org

https://doi.org/10.3389/fmars.2023.1199910
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Jiang et al. 10.3389/fmars.2023.1199910
SGR(specific growth rate,   % = d)  = 100� (lnMt − lnM0)=t

CF (Condition factor g=cm3)  = M=L3

Mt andM0 represent the initial and final weight data at the start

and end of the experiment, respectively, and are measured in grams

(g); M denotes the body weight per fish, Mv stands for the

viscerosomatic weight of each fish, and Mh refers to the liver

weight of each fish, all measured in grams (g). The variable t

represents the number of experimental days in days (day), while

L represents the length of the fish in centimeters (cm).
2.5 Histomorphology of the gut

The fish’s midgut was gently cleaned with physiological saline

before being preserved with 4% paraformaldehyde. Hematoxylin-

eosin was used to stain the 5 m slices after they had been made using

a paraffin slicer (HE). The slices were next studied at low

magnification, and using light microscopy, the appropriate parts

were picked out to be photographed at high magnification. Using

Image-Pro Plus software, the essential data were examined for

muscle layer thickness, breadth, and villi height.
2.6 Analysis of intestinal
biochemical indicators

To prepare the intestinal tissues for analysis, start by thawing the

tissues (Both pre- and post-A.hydrophilic infection) that were stored

at -80°C in refrigerator. Then, using the instructions provided in the

kit, homogenize the tissues with the appropriate amount of tissue

homogenizing solution. Next, the homogenized mixture should be

Centrifugation for 10 minutes at 4°C and 2500r/min, after which the

supernatant can be collected as the tissue homogenizer. Using an

enzyme marker or spectrophotometer, the levels of acid phosphatase

(ACP), glutathione peroxidase (GSH-Px), lysozyme (LZM), alkaline

phosphatase (AKP), catalase (CAT), malondialdehyde (MDA), and

superoxide dismutase (SOD) were measured in the intestine

following the steps outlined in the instructions provided in the kit

from Nanjing Jiancheng Institute of Biological Engineering.
2.7 Measurement of intestinal physical
barrier gene and inflammatory
factor expression

To extract total RNA from the intestinal tissues, they were first

placed in RNAase-free centrifuge tubes after being stored at -80°C,

and then ground using a microtissue homogenizer. The Trizol

method (TaKaRa, Japan) was used for the extraction process. By

using micro-UV spectroscopy and 1% gel polymeric

electrophoresis, RNA quality and concentrations were measured.

According the instructions, the kit (RR047A, TaKaRa) was used to
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create the first thread of the cDNA. b-actin was utilized as an inner

gene of reference, and the primers used for qPCR testing were

obtained from previous research. (Xv et al., 2021), and are displayed

in Table 2. NovoStart SYBR qPCR Super Mix Plus was used to

conduct quantitative real-time PCR (qPCR) on a Bio-Rad CFX96,

following the manufacturer’s instructions and utilizing a total

volume of 20 uL. The thermocycling amplified procedures

consisted of denaturing at 95°C for 15 s, annealing at 56°C for 15

s, extending at 72°C for 30 s, and repeating for 40 cycles.
2.8 Statistical analysis

With IBM SPSS Statistics 23, a one-way analysis of variance

(ANOVA) was used to assess significance levels. The Tukey multiple

range test was used to compare numerous things. P < 0.05was chosen

as the cutoff for statistical significance. Data are presented in the table

as mean and combined standard deviation (SD). GraphPad Prism6

was used to create images (GraphPad Software, USA).
3 Results

3.1 Growth performance

The growth performance of juvenile largemouth bass fed with

FCHM for 56 days is shown in Table 3. The addition of FCHM did

not have a significant effect on CF, HSI, and VSI of the juvenile

largemouth bass (P > 0.05). Compared to the control group, adding

1% FCHM significantly improved theWGR and SGR of the juvenile

largemouth bass (P< 0.05).
3.2 The cumulative mortality rate after
infection with A.hydrophila

Following the culture trial, A.hydrophila was introduced to the

largemouth bass, and mortality was monitored for 72 hours. Figure 1

indicates that all tested fish experienced mortality within 24 hours of

the A.hydrophila injection. However, the cumulative mortality rate

was higher in H0 than in H1, H2 and H3. The cumulative mortality

rate was 43.33% in group H0, 30.00% in group H1,23.33% in group

H2 and 26.67% in group H3 throughout A.hydrophila infection.
3.3 The morphology of the gut

Figure 2 illustrates the midgut composition of juvenile largemouth

bass, while Table 4 outlines the features of the midgut villi. The control

group of largemouth bass had sparse and shorter midgut intestinal

villi, a smaller number of villi and narrower muscle thickness. In

contrast, the midgut villi of largemouth bass were tightly packed and

neatly arranged after feeding FCHM. The height of the gut villi was

notably greater in H2 and H3 when compared with H0. Similarly, the

width of the villi was higher in H1 than in H0, and the thickness of the

muscularis was notably higher in H2 than in H0 (P< 0.05).
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3.4 Relative expression level of
physical barrier genes in the
largemouth bass intestine

Figure 3 displays the gene expression of the gut barrier in

juvenile largemouth bass. Following the 64 days feeding trial, the

inclusion of FCHM in their diet led to an increase in the relative

mRNA expression of ZO-1, Claudin, and Occludin in the intestines

of juvenile largemouth bass compared with H0 (p< 0.05).

Additionally, the highest relative expression of Occludin, Claudin

and ZO-1 mRNA was observed in H1. Furthermore, the relative
Frontiers in Marine Science 05
mRNA expression of Claudin and ZO-1 in H1 was significantly

higher compared to H2 and H3.
3.5 Changes in gut antioxidant indices of
juvenile largemouth bass

Figure 4 displays the alterations in intestinal antioxidant indices

of juvenile largemouth bass. After64-days feeding trial, the

inclusion of FCHM in the diets led to a significant increase in the

activities of intestinal SOD, CAT, and GSH-Px, and T-AOC levels,
TABLE 3 Effects of FCHM supplementation on growth performance of juvenile largemouth bass.

Items H0 H1 H2 H3

WGR (%) 130.58 ± 13.65b 224.68 ± 75.54a 158.49 ± 74.36b 148.28 ± 43.03b

SGR (%) 1.49 ± 0.10b 2.06 ± 0.40a 1.64 ± 0.47b 1.60 ± 0.30b

CF (%) 1.87 ± 0.19 2.05 ± 0.15 2.03 ± 0.09 2.00 ± 0.10

HSI (%) 2.25 ± 0.40 1.98 ± 0.55 2.06 ± 0.52 1.95 ± 0.71

VSI (%) 2.06 ± 0.77 6.27 ± 0.83 6.77 ± 1.18 6.22 ± 1.67
WGR, weight gain rate; SGR, specific growth rate; HSI, Hepatosomatic index; CF, Condition factor; VSI, Viscerosomatic index; Values are presented as mean ± SD (n = 3). Different lowercase
letters in each row indicate significant differences (P< 0.05).
TABLE 2 Real-time PCR primer sequences.

Genes Primers Sequence 5′−3′ TM (°)

b-actin F AAAGGGAAATCGTGCGTGAC 60

R AAGGAAGGCTGGAAGAGGG

IL−8 F CGTTGAACAGACTGGGAGAGATG 64.9

R AGTGGGATGGCTTCATTATCTTGT

TGF-b F GCTCAAAGAGAGCGAGGATG 59

R TCCTCTACCATTCGCAATCC

Claudin F CCAGGGAAGGGGAGCAATG 60.08

R GCTCTTTGAACCAGTGCGAC

IL−15 F GTATGCTGCTTCTGTGCCTGG 62

R AGCGTCAGATTTCTCAATGGTGT

IL−10 F CGGCACAGAAATCCCAGAGC 62.1

R CAGCAGGCTCACAAAATAAACATCT

Occludin F GATATGGTGGCAGCTACGGT 59.61

R TCCTACTGCGGACAGTGTTG

ZO-1 F ATCTCAGCAGGGATTCGACG 59.61

R CTTTTGCGGTGGCGTTGG

TNF-a F CTTCGTCTACAGCCAGGCATCG 63

R TTTGGCACACCGACCTCACC

IL−1b F CGTGACTGACAGCAAAAAGAGG 59.4

R GATGCCCAGAGCCACAGTTC
front
R, reverse primer; F, forward primer; TGF-b, transforming growth factor-b; TNF-a, tumor necrosis factor-a; ZO-1, zonula occluden-1; IL, interleukin.
iersin.org

https://doi.org/10.3389/fmars.2023.1199910
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Jiang et al. 10.3389/fmars.2023.1199910
and a significant reduction in intestinal MDA content compared

with H0 (P< 0.05). Among all groups, H1 exhibited significantly

higher SOD and GSH-Px activities, T-AOC level, and significantly
Frontiers in Marine Science 06
lower MDA content (P< 0.05). After being infected by A.hydrophila,

the intestinal SOD, CAT, and GSH-Px activities, and T-AOC

content, were increased, and the MDA content was significantly

reduced in H1, H2, and H3 groups compared with H0 (P< 0.05). In

all groups, the activities of SOD, CAT, and GSH-Px, and the

contents of T-AOC and MDA, were significantly higher after

A.hydrophila infection than before infection (P< 0.05), but the

contents of MDA in H1, H2, and H3 were lower than those in

H0 (P< 0.05).
3.6 Changes in intestinal immune enzyme
activity of largemouth bass

Figure 5 displays the alterations in intestinal immune enzyme

activity of largemouth bass. Supplementation with FCHM in the

diet enhanced the activities of intestinal ACP, AKP, and LZM of

juvenile largemouth bass compared to H0 at the end of the 8-weeks

breeding experiment, with the highest activities in H1 (P< 0.05).

Following A.hydrophila infection, the activities of intestinal ACP,

LZM, and AKP were higher in all groups than in H0 (P< 0.05).

Moreover, the activity of intestinal ACP, LZM, and AKP was higher

in all four groups of largemouth bass after A.hydrophila infection

than before the infection (P< 0.05).
FIGURE 2

The mid-gut morphology of juvenile largemouth bass was evaluated under varying scales of FCHM treatment. The image was captured at X100
magnification and stained with H&E, with a scale bar of 100 mm; MT, muscular layer thickness; VH, villi height; VW, villi width.
FIGURE 1

The cumulative mortality rates of largemouth bass at 72 hours
following the injection of hydrophilic bacteria.
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3.7 The relative expression of gut
inflammatory genes in juvenile
largemouth bass

A.hydrophila-induced intestinal inflammation caused an

upregulation of pro-inflammatory factors and a downregulation

of anti-inflammatory factors. The mRNA relative expression of

inflammatory biomarkers in the intestines of juvenile largemouth

bass was evaluated in this study following A.hydrophila-induced

intestinal inflammation, as illustrated in Figure 6. Compared with

H0, the mRNA relative expressions of intestinal anti-inflammatory

biomarkers IL-10 and TGF-b significantly enhanced (P< 0.05),

while the mRNA relative expressions of pro-inflammatory factors

IL-1b, IL-15, TNF-a, and IL-8 significantly decreased (P< 0.05) after

feeding FCHM to largemouth bass for 8-weeks. These findings

suggest that FCHM can effectively regulate the expression of

inflammatory factors following A.hydrophila-induced enteritis.
4 Discussion

Chinese herbal medicine contained many biologically active

ingredients, which could stimulate the appetite or digestive function

of animals, increase feed intake and growth performance (Awad

and Awaad, 2017; Pu et al., 2017). In addition, fermented Chinese

herbal medicine also contained many probiotics, which could

improve the intestinal health and morphology of animals,

increase the digestibility and absorption rate of feed in the

intestine, promote the metabolism of nutrients, and improve the

production performance of animals (Melara et al., 2022; Chen et al.,

2023). Our research found that supplementing FCHM improved
Frontiers in Marine Science 07
the WGR and SGR of juvenile largemouth bass, possibly because

FCHM promoted their digestion and absorption of nutrients,

thereby promoting growth.

Bacterial infection was frequently used as a fish health indicator

at the end of culture trials (Shan et al., 2018). Freshwater fish

commonly suffer from bacterial infections in their intestines, and A.

hydrophila is often considered a primary pathogen among the

various disease-causing bacteria (Maulu et al., 2021; Xv et al.,

2021). Our study revealed that largemouth bass fed with FCHM

displayed a greater ability to survive after being infected with

A.hydrophila. This indicates that FCHM could potentially

improve the immunity of largemouth bass and enhance their

resistance to A.hydrophila.

When fish undergo metabolic processes during their life

activities, oxygen radicals are generated. To counteract their

harmful effects, antioxidant enzymes like CAT, GSH-Px, and

SOD form the fish’s antioxidant defense system. The SOD can

convert the excess reactive oxygen radicals in the body into

hydrogen peroxide, while the CAT can cooperate with the SOD

to convert the hydrogen peroxide into water, thus slowing down the

oxidative stress (Harikrishnan and Balasundaram, 2005; Hongling

Zhang et al., 2020a). T-AOC level is a crucial measure of the anti-

oxidant capacity in animals and is directly indicative of the anti-

oxidant ability of fish (Ge et al., 2021). When the body exposed to

adverse conditions will produce a lot of oxygen radicals, which can

attack the cell membrane and produce lipid peroxidation reactions,

converted into MDA, thus causing oxidative damage to the body

(Hoseinifar et al., 2021). When the body is exposed to adverse

conditions will produce many oxygen radicals, which can attack the

cell membrane and produce lipid peroxidation reactions, converted

into MDA, thus causing oxidative damage to the body (Wei Zhao
FIGURE 3

Effect of supplemental FCHM from the gut barrier gene relative expression in largemouth bass. ZO-1, zonula occluden-1. Different lowercase letters
indicate significant differences (P< 0.05).
TABLE 4 The features of midgut villi in largemouth black bass.

Items VH/mm VW/mm MT/mm

H0 126.91 ± 16.25b 53.68 ± 1.98b 24.28 ± 3.10b

H1 125.21 ± 17.76b 62.14 ± 4.72a 23.21 ± 2.73b

H2 163.19 ± 20.37a 53.29 ± 4.53b 27.75 ± 4.08a

H3 157.47 ± 6.56a 52.50 ± 4.94b 24.14 ± 2.14b
VH, Villi height; VW, villi width; MT, muscular layer thickness. Values are presented as mean ± SD (n = 3). Different lowercase letters in each column indicate significant differences (P< 0.05).
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et al., 2022). Hydrogen peroxide and lipid peroxides can also be

scavenged by GSH-Px, while GSH can synergize with GSH-Px to

scavenge free radicals (Taso et al., 2019). Therefore, the increase in

antioxidant enzyme activity could improve the disease resistance of

fish. Feeding fermented moringa oleifera lam could improve the

serum SOD and CAT activity, reduce the content of serum MDA

and improve the resistance to A.hydrophila of crucian carp (Liu

et al., 2019). Lactobacillus fermented Artemia could improve

antioxidant capacity and antibacterial ability of fish and has

potential as a feed additive (Li et al., 2021). Our study revealed

that administering FCHM to juvenile largemouth bass resulted in

heightened activity of SOD, GSH-PX, and CAT while

reducing MDA concentration in their intestines. The inclusion of
Frontiers in Marine Science 08
FCHM in their diet significantly enhanced the antioxidant

capacity of the fish. This can be attributed to FCHM’s ability to

scavenge reactive oxygen radicals in animals and minimize lipid

peroxidation reactions.

Research has demonstrated that AKP, ACP, and LZM are

crucial enzymes in the fish immune defense system, indicating

the organism’s immune condition (Zhang et al., 2020b). The

utilization of LZM can serve as a crucial measure for assessing

non-specific immunity in fish, and it holds a significant function in

regulating inflammatory processes, repairing, and regenerating

tissues, as well as exterminating bacteria within the organism

(Chen et al., 2021). AKP and ACP are crucial hydrolytic enzymes

in the immune defense system of fish and are also important
FIGURE 5

The alterations in intestinal immunoenzyme activity of largemouth bass were analyzed before and after A.hydrophila infection. Value columns with
distinct small letters indicate significant differences among different groups before A.hydrophila injection (P< 0.05), and significant differences
between groups after injection of A.hydrophila are indicated by different capital letters. (P< 0.05). An asterisk (*) indicates a significant difference
between before and after A.hydrophila injection in the same group (P< 0.05). ACP, acid phosphatase; LZM, lysozyme, AKP, alkaline phosphatase.
FIGURE 4

The alterations in intestinal anti-oxidation ability of largemouth bass were examined before and after A.hydrophila infection. Value columns with
distinct small letters indicate significant differences among different groups before A.hydrophila injection (P< 0.05), and significant differences
between groups after injection of A.hydrophila are indicated by different capital letters. (P< 0.05). An asterisk (*) indicates a significant difference
between before and after A.hydrophila injection in the same group (P< 0.05). SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde; T-
AOC, total antioxidant capacity; GSH-PX, glutathione peroxidase.
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metabolic regulatory enzymes, which mainly catalyze the hydrolysis

of phosphate esters to form inorganic phosphate and thus promote

the production of ATP during the immune reaction. Meanwhile,

phosphatase activity in aquatic animals can be used as an indicator

to determine the immunity of animals (Shi et al., 2021; Wang et al.,

2022). The conclusions of this study indicate that administering

FCHM to juvenile largemouth bass led to an increase in AKP, ACP,

and LZM levels in their intestines both pre-infection and post-

infection with A.hydrophila. This indicates that FCHM has the

potential to enhance non-specific immunity and bolster the

largemouth bass’s ability to resist diseases. The overall health of

fish intestines is influenced by factors like the morphology of the gut

villi, physical barriers, and the activity of digestive enzymes. By

improving the morphology of gut tissues in fish, including the width

and length of villi and thickness of the muscle layer, the digestibility

of nutrients can be enhanced, ultimately contributing to the

maintenance of fish health (Yu et al., 2020; Dawood, 2021; Wang

et al., 2021a). Fermented herbs improve the physical barrier of the

gut, mainly in the height of the gut villus and the enhanced muscle

layer thickness (Nawaz et al., 2018; Abdel-Latif et al., 2020). Adding

fermented astragalus to the diets could enhance the height of gut

villi, thus increasing the digestive and absorption capacity of carp

for nutrients and improving growth performance (Chen et al.,

2023). It was found that fermented lemon peel could improve the

intestinal morphology of Lates calcarifer and can be utilized as a

functional feed supplement to maintain intestinal health (Shi et al.,

2022). In line with prior research, FCHM sustained the gut health of

largemouth bass by enhancing their gut morphology.

We assessed the expression levels of gut barrier genes in

largemouth bass to gain more insight into how FCHM controls

intestinal health in largemouth bass. In the intestine, the intestinal

tight junctions are a dynamic, changing structure that allows for the
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reabsorption of water, ions, and nutrients to regulate intercellular

permeability, thus preventing external pathogens and toxins from

entering the intestinal lumen (Zhuo et al., 2021). Claudin mainly

constitutes a tight junction protein that forms intercellular pores in

intestinal epithelial and endothelial cells that affect intestinal

permeability (Assimakopoulos et al., 2011). Occludin is another

cell adhesive component and a part of tight junction proteins, its

main role is to participate in the closure of the paracellular gap and

to regulate the signals generated in tight junctions, the increased or

decreased adhesion proteins will be directly reflected in the

intestinal permeability, resulting in changes in intestinal

permeability (Günzel and Yu, 2013). ZO-1 is a crucial component

of tight junction proteins that serve to safeguard and uphold the

integrity of the intestinal mucosa (Schneeberger and Lynch, 2004).

Assessing the expressed of these 3 tight junction proteins provides a

clearer picture of how FCHM supports the gut mucosal integrity. As

such, we discovered that the expression of Occludin, Claudin and

ZO-1 in the intestines of young largemouth bass was boosted after

an 8-weeks FCHM diet. This suggests that FCHM is advantageous

in preserving the integrity of the gut mucosa and improving the

physical barrier function of the gut of largemouth bass.

Inflammatory responses mediated by cytokines are critical to the

immunity of fish organisms and can regulate immune responses by

increasing or decreasing cytokine production (Coyne et al., 2002).

Cytokines in fish are divided into anti-inflammatory biomarkers

(e.g., TGF-b and IL-10) and pro-inflammatory biomarkers (e.g., IL-

8, IL-15, TNF-a, and IL-1b) that are crucial in immune responses.

Enteritis could reduce the expression of anti-inflammatory

biomarkers and increase pro-inflammatory biomarkers, which

enable them to react to molecular-level inflammatory damage

(Safari et al., 2016; Fehrmann-Cartes et al., 2019). Research has

shown that the innate immunity of fish intestines can be regulated
FIGURE 6

After being infected with A.hydrophila, the expression of inflammatory biomarkers in the gut of largemouth bass was examined to determine the
effect of feeding FCHM. TGF-b, transforming growth factor-b1; TNF-a, tumor necrosis factor-a; IL, interleukin; Different lowercase letters indicate
significant differences (P< 0.05).
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by herbs and probiotics, which can boost the production of anti-

inflammatory biomarkers and reduce the expression of pro-

inflammatory biomarkers. This enhances the fish’s resilience

against pathogenic bacteria, thereby reduce inflammation (Gil,

2002; Song et al., 2014; Giri et al., 2015; Safari et al., 2016). The

research demonstrated that feeding FCHM to juvenile largemouth

bass effectively modulated the expression of gut inflammatory

factors following infection with A.hydrophila. FCHM was

observed to alter the inflammatory response in the fish’s gut,

thereby decreasing the incidence of gut disease caused

by A.hydrophila.
5 Conclusion

The study revealed that supplementing a specific quantity of

FCHM enhanced the resistance of juvenile largemouth bass to

A.hydrophila and growth performers by improving the physical

barrier, immune enzyme activity, anti-oxidant capacity, and

inflammatory response of the intestines. The most effective

concentration was observed to be 1%.
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