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The present study was conducted to evaluate the effects of a Chinese herbal compound 
and its feeding strategy on growth performance, immunity, and resistance to bacterial 
infection in largemouth bass (Micropterus salmoides). A basal commercial diet was 
designated as the control (Con). Two experimental groups were established: a group fed 
the basal diet supplemented with the compound Chinese herbs (ChF), and an 
interval-feeding group (IF) that received the herbal-supplemented diet and the basal diet 
on alternating weeks. The herbal supplemented diet was formulated by adding 2% of the 
compound Chinese herbs (composed of Artemisia annua, Astragalus membranaceus, Isatis 
indigotica Fort, Polygonatum sibiricum Redouté, and Glycyrrhiza uralensis Fisch, and the 
ratio of the five herbs is 1:1:1:1:2) to the basal diet, with a corresponding reduction in 
wheat flour to maintain isonitrogenous and isolipidic conditions. Juvenile largemouth 
bass with an initial mean body weight of 27.96 ± 0.33 g were fed the three experimental 
diets for 8 weeks, with four replicate tanks per group. The results showed that the ChF 
group exhibited significantly higher final body weight, weight gain rate, survival rate, and 
intestinal protease and lipase activities, as well as a significantly lower feed conversion 
ratio, compared with the Con group. In terms of antioxidant and non-specific immune 
parameters, serum alkaline phosphatase and lysozyme activities in both the ChF and IF 
groups were significantly higher, while malondialdehyde content was significantly lower 
than that in the Con group. Additionally, serum superoxide dismutase and catalase 
activities in the ChF group were significantly higher than those in the Con group, and the 
cumulative mortality following bacterial challenge was significantly reduced. Regarding 
intestinal and hepatic health, intestinal villus height and intestinal wall thickness were 
significantly greater in the ChF group than in the Con group. Moreover, fish fed the 
herbal-supplemented diets exhibited a reduced number of vacuolated hepatocytes and a 
decrease in vacuolar area. In conclusion, dietary supplementation with the Chinese herbs 
effectively improved growth performance, immunity, antioxidant capacity, and intestinal 
and hepatic histomorphology in largemouth bass. Furthermore, continuous long-term 
feeding of the herbal-supplemented diet yielded significantly better effects than the 
alternate feeding regimen. 

1. INTRODUCTION 

The largemouth bass (Micropterus salmoides), native to the 
southeastern United States, is a highly resilient freshwater 
carnivorous fish.1 Owing to its strong disease resistance, 
broad temperature tolerance, short culture cycle, and rapid 
growth rate, this species has gained considerable popularity 
among aquaculturists and has been rapidly promoted na

tionwide.2 Nowadays, the largemouth bass has become a 
mainstay of China’s freshwater aquaculture industry.3 In 
2023, the national production of largemouth bass reached 
888,000 tonnes.4 

Currently, some farmers are intensifying aquaculture 
practices to pursue higher production efficiency and out
put. However, this intensification renders artificially reared 
largemouth bass under high-density conditions more sus
ceptible to disease outbreaks.5 To combat these diseases, 
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antibiotics and antiparasitic drugs remain the most com
monly employed therapeutic agents. Nevertheless, the ap
plication of these pharmaceuticals leaves substantial 
residues in aquaculture water and aquatic products. These 
residual drugs, once entering the human body through the 
food chain, pose a serious threat to human health.6 Conse
quently, since 2020, China has implemented a strict “com
plete ban on antibiotics” policy, prohibiting the use of an
tibiotics as feed additives in animal feeds.7 Therefore, there 
is an urgent need to identify green feed additives that can 
promote growth, enhance immunity, and improve overall 
health. 
Chinese herbs, as natural substances, contain bioactive 

components that can increase appetite and feed intake,8 

modulate intestinal microbiota,9 and enhance endogenous 
enzyme activities.10 Chinese herbs also offer notable ad
vantages, including excellent therapeutic efficacy, low po
tential for inducing drug resistance, minimal side effects, 
and rapid metabolism, characteristics difficult to achieve 
with antibiotics.11 Moreover, Chinese herbs serve a dual 
role in aquaculture: they act as functional nutritional sup
plements participating in metabolic regulation while also 
supplementing dietary nutrients.12 For example, He et al.13 

demonstrated that Artemisia extract could enhance hepatic 
antioxidant capacity, improve intestinal morphology, in
crease the abundance of beneficial gut bacteria, and mod
ulate intestinal microbiota, thereby promoting growth in 
largemouth bass. Wang et al.14 reported that Isatis indig
otica root polysaccharides enhanced innate immune re
sponses and lysozyme activity in crucian carp (Carassius 
auratus), and improved resistance against Aeromonas hy
drophila infection. Adineh et al.15 found that dietary sup
plementation with licorice root powder improved growth 
performance, lipid metabolism, antioxidant capacity, and 
immune responses in common carp (Cyprinus carpio), while 
also enhancing tolerance to crowding stress. Li et al.16 in
dicated that astragalus polysaccharide, a major component 
of Astragalus membranaceus, could improve growth per
formance, intestinal health, and antiviral immunity in ze
brafish. Collectively, these findings suggest that Chinese 
herbs hold great promise as green feed additives. 
Although single herbal compounds may impose a meta

bolic burden on the liver, kidneys, and other organs of 
aquatic animals when administered long-term or at high 
doses, compound herbal formulations not only exert direct 
antibacterial effects but also modulate immune func
tions,17,18 thereby demonstrating good antimicrobial activ
ity.19,20 Thus, they represent highly promising feed addi
tives for aquatic species. However, weight gain and survival 
rate in aquatic animals are not necessarily proportional to 
the dosage or proportion of herbal additives; excessive use 
may even produce negative effects. Furthermore, the effi
cacy of herbal preparations is greatly influenced by feeding 
strategies. Nevertheless, little research has been reported 
on the feeding strategies for dietary herbal supplementa
tion. What effects do the presence or absence of various 
types of compound Chinese herbs in the feed and the dif
ferent feeding strategies have on the breeding performance 
of largemouth bass? With the above questions in mind, 

the present study was therefore conducted to compare the 
effects of dietary herbal inclusion (presence vs. absence) 
and different feeding regimens, with the aim of providing a 
theoretical basis for the application of compound Chinese 
herbs in largemouth bass feed. 

2. METHODS 

2.1. EXPERIMENTAL DIETS AND DESIGN 

Two types of commercial feed were used in the experiment, 
namely the control feed and the Chinese herbs feed. The 
Chinese herbs feed was formulated by adding 2% compound 
Chinese herbs to the Con and reducing the amount of wheat 
flour, forming two groups of isonitrogen and isolipid feeds. 
The composition of the compound Chinese herbs are 
artemisia annua (Artemisia annua L.), astragalus (Astragalus 
membranaceus), isatis indigotica (Isatis indigotica Fort.), 
polygonatum (Polygonatum sibiricum Redouté) and licorice 
(Glycyrrhiza uralensis Fisch.), and the ratio of the five herbs 
is 1:1:1:1:2. The 2% dosage of the Chinese herbs and the 
various combinations of different Chinese herbs were all 
the optimal solutions we obtained from our previous ex
periments. These Chinese herbs were purchased from the 
specialized market for medicinal herbs in Bozhou, Anhui 
Province. Fish meal, cottonseed protein concentrate, pork 
meal, soy protein concentrate, soybean meal, and wheat 
gluten are the main protein sources in feed. Fish oil, soy
bean oil, soybean lecithin, and squid visceral meal were 
added to the feed to meet the fat requirements of large
mouth bass. The use of soybean meal and wheat flour has 
met the carbohydrate requirements. The moisture content 
of both feeds is less than 12%, and their protein and fat 
content is 50% and 12%, respectively (Table 1). Both types 
of commercial feed are provided by Jiangsu Changshou 
Group Nanshan Feed Co., LTD. 
The experiment was conducted with three treatment 

groups, each comprising four replicates. Largemouth bass 
were fed the respective diets for 8 weeks, after which var
ious parameters were measured to evaluate the effects of 
the compound herbal-supplemented diet on growth perfor
mance, immune function, intestinal and hepatic histomor
phology, and disease resistance. The three groups were: a 
control group fed a basal commercial diet (Con), a group 
fed the basal diet supplemented with the compound Chi
nese herbs (ChF), and an interval-feeding group (IF) that 
received the two diets alternately on a weekly basis (i.e., 
one week of the basal diet followed by one week of the 
herbal-supplemented diet). 

2.2. EXPERIMENTAL FISH AND FEEDING MANAGEMENT 

Largemouth bass were purchased from Taizhou Yujiu Aqua
culture Base and transported to the Aquatic Nutrition Lab
oratory of Jiangsu Agri-Animal Husbandry Vocational Col
lege. Upon arrival, the fish were acclimatized to the basal 
diet (control diet) and experimental conditions for two 
weeks in the laboratory. Prior to the start of the growth 
trial, the fish were fasted for 24 h. A total of 240 fish with an 
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Table 1. Formulation and proximate composition of      
experimental diets (air dry basis, g/kg)       

Ingredients Content 

Fish meal 350.0 

Cottonseed protein concentrate 50.0 

Pork meal 60.0 

Soy protein concentrate 110.0 

Soybean meal 80.0 

Wheat flour 145.0 

Wheat gluten 40.0 

Fish oil 30.0 

Soybean oil 30.0 

Soybean lecithin 25.0 

Squid visceral meal 40.0 

Vitamin permix 10.0 

Mineral premix 30.0 

Total 1000 

Proximate composition 

Crude protein 494.2 

Crude lipid 124.3 

Ash 93.1 

Moisture 91.8 

Note: a: Composition of vitamin premix (mg or IU/kg feed): Vitamin A (VA), 11000 IU; 
Vitamin D3, 1500 IU; Vitamin E, 40 mg; Vitamin K3, 4.5 mg; Vitamin B1, 8 mg; Vitamin 
B2, 8.5 mg; Vitamin B6, 6 mg; Vitamin B12, 0.015 mg; Vitamin C, 110 mg; Biotin, 0.15 
mg; Inositol, 40 mg; Folic acid, 1.3 mg; Calcium D-pantothenate, 17 mg. 
b: Composition of mineral premix (mg/kg feed): Iodine, 1.2 mg; Manganese, 8.5 mg; 
Cobalt, 1 mg; Copper, 6.5 mg; Zinc, 53 mg; Selenium, 0.35 mg; Iron, 45 mg. 

initial mean body weight of 27.96 ± 0.33 g were selected and 
randomly assigned to 12 aerated recirculating polyvinyl 
chloride (PVC) tanks (1.0 m × 1.0 m × 0.5 m), with 20 fish 
per tank and four replicate tanks per treatment group (n=4). 
During the feeding trial, the fish were fed twice daily 

(at 8:00 and 17:00) at a ration of 3-6% of body weight for 
8 weeks. The feeding amount was maintained consistently 
across all tanks and adjusted based on weather conditions, 
water temperature, and fish growth performance to ensure 
no feed residues remained after each meal. Fecal matter 
and uneaten feed were removed daily by siphoning, and 
one-third of the water volume was renewed every three 
days. Throughout the rearing period, water temperature 
ranged from 28 to 32.5℃, dissolved oxygen was maintained 
above 5 mg/L, pH ranged from 6.5 to 7.3, ammonia nitrogen 
was kept between 0.1 and 0.2 mg/L, and nitrite nitrogen was 
maintained below 0.1 mg/L. 

2.3. SAMPLING 

At the end of the feeding trial, the fish were fasted for 24 
h. The total number and weight of fish in each tank were 
recorded to calculate weight gain rate (WG), feed conver
sion ratio (FCR), and survival rate (SR). From each tank, 
three fish were randomly sampled for whole-body proxi
mate composition analysis. Another three fish from each 
tank were randomly selected, and blood samples were then 

collected from the caudal vein. After centrifugation at 1512 
× g for 10 min at 4℃, the serum was separated, and the 
supernatant was collected for evaluation of blood physio
logical and biochemical parameters. Immediately following 
blood collection, the same fish were dissected, and the vis
cera and liver were removed and weighed to calculate the 
viscerosomatic index (VSI) and hepatosomatic index (HSI). 
Under sterile conditions, the mid-intestine (1-2 cm) and 
liver from another three fish per tank was excised and fixed 
in Bouin’s solution for histomorphological analysis, respec
tively, while the remaining mid-intestinal tissues were 
stored at -80℃ for subsequent assay of digestive enzyme 
activities. 

2.4. MEASUREMENT INDICATORS AND METHODS 

2.4.1. GROWTH PERFORMANCE AND MORPHOLOGICAL 
INDICES 

Weight gain rate (WG), feed conversion ratio (FCR), survival 
rate (SR), viscerosomatic index (VSI), and hepatosomatic 
index (HSI) were calculated using the following formulae: 
WG (%) = 100 × (final body weight – initial body weight) 

/ initial body weight; 
FCR = feed intake (g) / (final body weight – initial body 

weight); 
SR (%) = 100 × (final number of fish) / (initial number of 

fish); 
VSI (%) = 100 × (final visceral weight, g) / (final body 

weight, g); 
HSI (%) = 100 × (final liver weight, g) / (final body weight, 

g). 

2.4.2. SERUM BIOCHEMICAL INDICES AND MID-
INTESTINAL DIGESTIVE ENZYME ACTIVITIES 

The serum biochemical parameters measured included 
catalase (CAT, colorimetric method), superoxide dismutase 
(SOD, xanthine oxidase method), malondialdehyde (MDA, 
colorimetric method), alkaline phosphatase (ALP, ELISA), 
and lysozyme (LZM, ELISA). All these indices were deter
mined using commercial assay kits purchased from Shang
hai Haling Biotechnology Co., Ltd. 
For intestinal digestive enzyme activity assays, intesti

nal samples were thawed at 4℃, homogenized, and cen
trifuged at 3000 rpm for 15 min. The supernatant was col
lected for enzyme activity determination. Protease activity 
was measured using the Folin-phenol method. One unit of 
protease activity (U mg-1prot) was defined as the amount 
of enzyme that hydrolyzed casein to produce 1 μg of tyro
sine per minute at 37℃ and pH 7.2, using 2% casein as sub
strate. Lipase activity (U g-1prot) was defined as the amount 
of enzyme that consumed 1 μmol of substrate per minute 
per gram of tissue protein at 37℃. Amylase activity (U g-1 

prot) was defined as the amount of enzyme that hydrolyzed 
10 mg of starch per milligram of tissue protein at 37℃ for 
30 min. The protein concentration of the enzyme extracts 
was determined using the Coomassie Brilliant Blue method. 
All assays for protease, lipase, and protein concentration 
were performed according to the manufacturer’s instruc
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tions provided with the kits (Nanjing Jiancheng Bioengi
neering Institute, Nanjing, Jiangsu, China). 

2.4.3. INTESTINAL AND HEPATIC HISTOLOGY 

For histological examination, mid-intestinal and liver tis
sues were dehydrated in graded ethanol, cleared in xylene, 
and embedded in paraffin wax. Sections of 5 μm thickness 
were cut using a microtome (Leica RM2235, Germany), 
stained with haematoxylin and eosin (H&E), and mounted 
as permanent slides. The morphological characteristics of 
intestinal folds and hepatic were observed under a light 
microscope (Nikon YS100 photomicrography system) and 
photographed. The height and width of intestinal epithelial 
folds, as well as intestinal wall thickness, were measured 
using an ocular micrometer. 

2.4.4. CHALLENGE TEST 

After the sampling procedure, the remaining fish were kept 
in their original tanks and fed their respective diets for an 
additional 3 days to allow recovery. Subsequently, 8 fish 
with intact body surface and normal vitality from each tank 
were selected for a challenge test with Aeromonas hy
drophila. Each fish was injected intraperitoneally through 
the base of the pectoral fin with 0.2 mL of a bacterial sus
pension at a concentration of 2.1 × 109 CFU/mL (the con
centration and dosage were determined based on prelim
inary trials, LD50). The Aeromonas hydrophila strain was 
provided by the National Aquatic Animal Pathogen Bank of 
Shanghai Ocean University. Cumulative fish mortality was 
recorded daily for 7 days post-challenge. 
Cumulative mortality (CM, %) = 100 × (cumulative num

ber of dead fish) / (total number of injected fish). 

2.5. STATISTICAL ANALYSIS 

For statistical analysis, the tank was considered the ex
perimental unit (n=4). All data were presented as mean ± 
standard deviation and analyzed using SPSS 22.0 statisti
cal software. A one-way analysis of variance (ANOVA) and 
Tukey’s tests were used to determine the statistical sig
nificance among groups. Statistical significance was deter
mined at P < 0.05. In addition, a follow-up trend analysis 
was performed using orthogonal polynomial contrasts to 
determine whether the significant effect was linear and/or 
quadratic. 

3 RESULT 

3.1. GROWTH PERFORMANCE 

As shown in Table 2, the FBW, WG, and SR of the large
mouth bass in the ChF group were significantly higher than 
those in the control group, whereas the FCR was signifi
cantly lower (P < 0.05). No significant differences were ob
served in the HSI or VSI among all groups (P > 0.05). 

3.2. SERUM BIOCHEMICAL INDICES 

As shown in Table 3, serum SOD and CAT activities in the 
ChF group were significantly higher than those in the Con 
(P < 0.05). Serum ALP and LZM activities in both the ChF 
and IF groups were significantly higher, while MDA content 
was significantly lower, compared with the Con (P < 0.05). 

3.3. DIGESTIVE ENZYME ACTIVITIES 

Protease and lipase activities in the mid-intestine of fish 
in the ChF group were significantly higher than those in 
the Con (P < 0.05), whereas no significant differences in 
amylase activity were observed among all groups (P > 0.05) 
(Table 4). 

3.4. INTESTINAL AND HEPATIC HISTOLOGY 

Figure 1 illustrates the mid-intestinal morphology of large
mouth bass fed the different diets. The intestinal villi were 
clear and well-preserved in all groups. Villus height and in
testinal wall thickness in the ChF group were significantly 
greater than those in the control group (P < 0.05), while no 
significant difference was detected in villus number or in
testinal wall thickness among the groups (P > 0.05) (Table 
5). 
In all groups, hepatocytes exhibited a regular polyhedral 

structure with spherical nuclei that were centrally or eccen
trically located. The control diet induced noticeable mor
phological alterations, including peripheral displacement 
of nuclei and cytoplasmic vacuolation. Supplementation of 
the control diet with the compound herbal mixture allevi
ated these symptoms, as evidenced by a reduced number 
of vacuolated hepatocytes and a decrease in vacuolar area 
(Figure 2). 

3.5. CHALLENGE TEST 

As presented in Figure 3, following 7 days of infection with 
Aeromonas hydrophila, the cumulative mortality of the con
trol group was 40.0%, while that of the ChF group (25.0%) 
was significantly lower (P < 0.05). No significant difference 
in cumulative mortality was observed between the IF group 
and the control group (P > 0.05). 

4. DISCUSSION 

4.1. EFFECTS OF CHINESE HERBS ON GROWTH 
PERFORMANCE AND DIGESTIVE ENZYME ACTIVITIES IN 
JUVENILE LARGEMOUTH BASS 

Chinese herbs are known to promote metabolic processes 
in aquatic animals, thereby facilitating growth and improv
ing feed utilization.21 Previous studies have demonstrated 
that dietary supplementation with Chinese herbs enhances 
growth performance in various aquatic species, including 
the Chinese soft-shell turtles (Pelodiscus sinensis),22 hybrid 
grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceo
latu♂),23 and Pacific white shrimp (Litopenaeus van
namei).24 In the present study, long-term dietary supple
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Table 2. Effects of different diets on the growth performance of          Micropterus salmoides   

Groups Con ChF IF 

IBW (g) 27.65±0.81 28.50±1.58 28.40±2.51 

FBW (g) 70.31±2.06a 78.68±4.36b 72.44±6.18ab 

WG (%) 154.28±19.24a 176.07±9.39b 160.58±15.73ab 

FCR 1.21±0.08a 1.07±0.04b 1.12±0.06ab 

SR (%) 77.50±5.00a 90.00±8.16b 86.67±5.77ab 

HSI (%) 1.72±0.16 1.73±0.05 1.70±0.14 

VSI (%) 6.42±0.79 6.91±0.57 6.56±0.55 

Note: Values are presented as means ± standard error (SE) (n=4). In the same row, values with different superscripts mean significant difference (P < 0.05). 
IBW, Initial body weight; FBW, Final body weight; WG, Weight gain rate; FCR, Feed conversion ratio; SR, survival rate; HSI, hepatosomatic index; VSI, viscerosomatic index. 

Table 3. Effects of different diets on serum biochemical indices of          Micropterus salmoides   

Groups Con ChF IF 

ALP(U/L) 64.77±2.93a 82.51±4.38b 76.19±4.17b 

LZM(U/L) 5.48±0.55a 8.48±0.39c 7.35±0.22b 

SOD(U/mL) 5.39±0.26a 6.38±0.27b 6.08±0.44ab 

CAT(U/mL) 268.57±14.10a 320.89±18.35b 294.44±6.71ab 

MDA(nmol/mL) 2.12±0.13a 1.65±0.11b 1.79±0.13b 

Note: Values are presented as means ± standard error (SE) (n=4). In the same row, values with different superscripts mean significant difference (P < 0.05). 
ALP, alkaline phosphatase; LZM, lysozyme; SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde. 

Table 4. Effects of different diets on digestive enzyme activity in hepatopancreas of            Micropterus salmoides   

Groups Con ChF IF 

Protease (U/mgprot) 42.59±1.37a 46.51±1.09b 44.40±1.11ab 

Amylase (U/gprot) 0.13±0.02 0.16±0.02 0.17±0.04 

Lipase (U/gprot) 23.07±1.47a 28.22±1.37b 25.61±2.19ab 

Note: Values are presented as means ± standard error (SE) (n=4). In the same row, values with different superscripts mean significant difference (P < 0.05). 

mentation with the Chinese herbs effectively promoted the 
growth of juvenile largemouth bass and improved feed uti
lization (Table 2), which is consistent with the findings of 
the aforementioned studies. 
In general, growth performance in fish is positively cor

related with digestive capacity,25 and the digestion and uti
lization of nutrients are influenced by digestive enzyme 
activities.26 Therefore, we hypothesize that the improved 
growth performance observed in the present study may be 
attributed to the enhanced digestive enzyme activities in
duced by the dietary herbal supplementation. Indeed, sev
eral studies have reported that medicinal plants can en
hance digestive enzyme activities, thereby promoting 
growth in aquatic animals.27‑30 In line with these reports, 
the present results showed that protease and lipase activ
ities in the mid-intestine of the ChF group were signifi
cantly higher than those of the control group. This effect 
may be related to the active components present in cer
tain herbs included in the formulation. For instance, astra
galus polysaccharide, a major active component of Astra
galus membranaceus, has been shown to increase intestinal 
digestive enzyme activities and improve intestinal struc
ture, consequently promoting growth in juvenile crucian 

carp31 and juvenile large yellow croaker (Larimichthys cro
cea).32 In addition, glycyrrhizin derived from liquorice has 
been reported to enhance the gene expression of appetite-
related factors and increase digestive enzyme activities, 
thereby improving growth performance in juvenile large 
yellow croaker.33 The Chinese herbs used in this exper
iment consisted of Artemisia annua, Astragalus mem
branaceus, Isatis indigotica, Polygonatum sibiricum, and Gly
cyrrhiza uralensis. A rational combination of these herbs 
may exert synergistic effects to enhance their efficacy. For 
example, Chen et al.6 found that a dietary supplement com
bining white peony and liquorice exerted hepatoprotective 
effects through complementary and synergistic mecha
nisms. Collectively, these findings suggest that long-term 
feeding of the compound herbal mixture can enhance di
gestive enzyme activities and digestive function in fish, 
thereby improving feed utilization and ultimately promot
ing growth performance. However, the alternate feeding 
regimen (herbal and basal diets on a weekly basis) did not 
significantly improve growth performance. 
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Figure 1. Comparison of intestine histology of      Micropterus salmoides   fed different diets.    
(a, c, e,) low magnification views of histology of Con, ChF, IF, respectively (40 ×). (b, d, f) high magnification views of intestine histology of Con, ChF, IF, respectively (100 ×) (n=12). 
VH, villus height, VW, villus width, IWT, intestinal wall thickness. 

Table 5. Effects of different diets on intestinal histology of         Micropterus salmoides   

Groups Con ChF IF 

Villus number (entire cross section) 37.33±3.51 40.67±4.16 38.67±2.52 

Villus height/μm 539.40±34.66a 645.22±26.55b 603.15±24.47ab 

Villus width/μm 97.67±7.99 101.30±11.57 102.77±11.39 

Intestinal wall thickness/μm 123.70±6.57a 152.88±7.81b 135.91±8.22ab 

Note: Values are presented as means ± standard error (SE) (n=4). In the same row, values with different superscripts mean significant difference (P < 0.05). 
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Figure 2. Comparison of liver histology of      Micropterus salmoides   fed different diets.    
(a, c, e,) low magnification views of histology of Con, ChF, IF, respectively (200 × ). (b, d, f) high magnification views of intestine histology of Con, ChF, IF, respectively (400 × ) 
(n=12). 
CN: cell nucleus; LV: lipid vacuolation. 

4.2. EFFECTS OF CHINESE HERBS ON IMMUNE 
FUNCTION AND ANTIOXIDANT CAPACITY IN JUVENILE 
LARGEMOUTH BASS 

Serum immunity plays a critical role in the immune defense 
of fish.34 Previous studies have demonstrated that dietary 
supplementation with Chinese herbs enhances immune 
function in various aquatic species, including yellow catfish 
(Pelteobagrus fulvidraco),35 common carp,36 and Phoxinus 
lagowskii.37 Ardó et al.38 reported that dietary supplemen
tation with Astragalus membranaceus significantly elevated 
serum LZM levels in Nile tilapia (Oreochromis niloticus). Jian 
et al.39 found that Astragalus enhanced serum LZM and 
complement activity in common carp, thereby improving 

immune function. Song et al.40 demonstrated that dietary 
supplementation with Isatis indigotica increased serum 
LZM and complement activities in pufferfish (Takifugu ob
scurus), thus enhancing immune competence. Hong et al.41 

showed that a compound herbal formula containing Isatis 
indigotica and Astragalus membranaceus improved ALP ac
tivity and consequently enhanced immune function in gi
ant river prawn (Macrobrachium rosenbergii). In the present 
study, serum ALP and LZM activities in both the ChF and IF 
groups were significantly higher than those in the control 
group, which is consistent with the findings of the afore
mentioned studies. 
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Figure 3. The cumulative mortality of     Micropterus  
salmoides  challenged with   Aeromonas hydrophila   
parahaemolyticus for 7 days.     
Values are means ± SD (n=4). Bars bearing with different letters are significantly differ
ent among treatments (P < 0.05). 

At the end of the feeding trial, bacterial challenge is 
often used as an indicator of fish health status.42 In the 
present Aeromonas hydrophila challenge test, cumulative 
mortality in the ChF group was significantly lower than 
that in the control group at 7 days post-infection, whereas 
the IF group exhibited a mortality rate comparable to that 
of the control group (Figure 3). Previous studies have re
ported that most Chinese herbs possess antibacterial and 
bactericidal properties and can enhance the immune ca
pacity of cultured animals. In particular, Astragalus mem
branaceus, a component of the herbal formula used in this 
experiment, has been shown to modulate both cellular and 
humoral immunity in fish and to enhance the activation 
of lymphocyte-derived and immune-regulatory factors.43 

Collectively, these results indicate that dietary supplemen
tation with the compound herbal mixture effectively im
proves immune performance in largemouth bass, with long-
term continuous feeding yielding superior effects compared 
with the alternate-feeding regimen. 
During normal metabolism, fish generate reactive oxy

gen species (ROS), which are potentially harmful. To coun
teract their deleterious effects, fish have evolved an antiox
idant defense system, with SOD and CAT serving as core 
enzymatic components.44 SOD converts excess ROS into 
hydrogen peroxide, while CAT acts in synergy with SOD to 
further decompose hydrogen peroxide into water, thereby 
alleviating oxidative stress.45 However, when antioxidant 
enzyme activities are inhibited, excessive ROS cannot be 
effectively eliminated; these free radicals then attack cell 
membranes, triggering lipid peroxidation and resulting in 
the production of malondialdehyde, ultimately leading to 
oxidative damage.46 

In rainbow trout (Oncorhynchus mykiss), dietary supple
mentation with Chinese herbal medicines has been shown 

to increase plasma antioxidant enzyme activities.47 Xu et 
al.48 found that dietary Astragalus supplementation ele
vated SOD and CAT activities in common carp. Sarhadi et 
al.49 reported that Artemisia annua also improved antiox
idant enzyme activities and reduced MDA content. In the 
present study, serum SOD and CAT activities in the ChF 
group were significantly higher than those in the control 
group, while MDA content was significantly lower (Table 3), 
which is in agreement with the aforementioned findings. 
It is well established that most medicinal plants possess 

excellent antioxidant properties, largely attributable to 
their polyphenol and flavonoid content.50 Polyphenols ex
ert their antioxidant effects primarily through direct scav
enging of ROS and free radicals, owing to the presence of 
active phenolic hydroxyl groups in their molecular struc
tures, which can donate electrons or hydrogen atoms to 
free radicals, thereby effectively neutralizing oxidative 
stress-induced damage.51,52 The compound herbal mixture 
used in this experiment is rich in polyphenols and 
flavonoids, which likely accounts for the superior antioxi
dant capacity observed in the ChF group. Notably, the im
provement in antioxidant capacity was more pronounced 
with continuous long-term herbal supplementation than 
with the alternate-feeding regimen. 

4.3. EFFECTS OF CHINESE HERBS ON HEPATIC AND 
INTESTINAL HISTOMORPHOLOGY IN JUVENILE 
LARGEMOUTH BASS 

The liver, as the largest digestive organ in fish, serves as 
a critical indicator of overall health status under certain 
conditions.53,54 Previous studies have demonstrated that 
dietary supplementation with Chinese herbs can improve 
hepatic morphology and function in cultured species, in
cluding large yellow croaker55 and largemouth bass.56 Ab
del-Latif et al.57 reported that dietary herbal supplemen
tation improved hepatic functional structure in striped 
catfish (Pangasianodon hypophthalmus). In the present 
study, juvenile largemouth bass fed the Chinese herbs diet 
exhibited a reduction in the number of vacuolated hepato
cytes and a decrease in vacuolar area (Figure 2), which is 
consistent with the findings of the aforementioned stud
ies. Liu et al.58 found that dietary supplementation with 
Chinese herbs reduced the number of vacuolated hepato
cytes in Atlantic salmon (Salmo salar), which they attrib
uted to flavonoids’ ability to bind effectively to lipid metab
olism-related proteins, thereby inhibiting oxidative stress 
and modulating lipid metabolism.59 Thus, the flavonoids 
present in the herbal mixture used in this experiment ap
pear to effectively regulate lipid metabolism in largemouth 
bass, thereby contributing to hepatic health. Notably, this 
beneficial effect was observed in both the ChF and IF 
groups. 
The fish intestine, as the primary organ for digestion and 

absorption, not only plays a key role in selective nutrient 
uptake but also effectively recognizes and eliminates harm
ful substances, thereby contributing substantially to overall 
health.60 Increased villus height enhances the absorptive 
surface area, thereby improving nutrient absorption capac
ity,61 while increased intestinal wall thickness improves in
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testinal peristalsis.62 Studies have shown that dietary sup
plementation with astragalus polysaccharides can increase 
intestinal villus height and basement membrane thickness 
in tilapia, thereby promoting growth and development.63 

Similarly, in large yellow croaker, dietary compound herbal 
supplementation has been reported to improve intestinal 
barrier function and morphology.64 In the present study, 
mid-intestinal villus height and intestinal wall thickness in 
the ChF group were significantly greater than those in the 
control group (P < 0.05), which is in agreement with the 
above-mentioned studies. This effect may be explained by 
the fact that astragalus polysaccharides, through specific 
interactions with the gut microbiota, promote the produc
tion of butyrate,65 which in turn enhances villus height 
and intestinal wall thickness, thereby optimizing intestinal 
structure.66 Collectively, these findings indicate that di
etary supplementation with the compound herbal mixture 
improves intestinal function, with continuous long-term 
feeding yielding better intestinal morphology than the al
ternate-feeding regimen. 

5. CONCLUSIONS 

In conclusion, dietary supplementation with the Chinese 
herbs effectively improved growth performance, immune 
function, antioxidant capacity, and intestinal and hepatic 
histomorphology in largemouth bass. Moreover, continu
ous long-term feeding of the herbal-supplemented diet 
yielded significantly better effects than the alternate-feed
ing regimen. 
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