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This study investigates the effects of compound Chinese herbal medicine (CCHM) on 
growth performances, antioxidation activities, immune-related enzymes, and digestive 
enzymes of dongtingking crucian carp (Carassius auratus indigentiaus). Lycium barbarum 
L., Panax ginseng C.A. Mey, Astragalus membranaceus and Phragmites communis Trin were 
ground and prepared into CCHM at the ratio of 4.5:3:1.5:1. The one-factor experiments 
were designed, in which different gradients of CCHM (0%, 1%, 2% and 4%) were added to 
basal feeds for C. auratus indigentiaus, which were fed for 90 d. The weight gain rate 
(WGR) and specific growth rate (SGR) in the experimental groups with CCHM addition 
were significantly higher than those of the control group (0%, without CCHM), the feed 
coefficient (FCR) was significantly lower in the experimental groups compared to the 
control group. In the experimental group with 4% of CCHM, WGR, and SGR of C. auratus 
indigentiaus were the highest (73.87±7.20 % and 0.63±0.15 %, respectively), while the FCR 
was the lowest (0.24±0.07 %). In the experimental group with 1% CCHM, the spleen index 
(SPI) increased significantly. However, the SPI of experimental groups, with 2% and 4% 
CCHM, showed no significant difference from that of the control group. The 
hepatosomatic index (HSI) of both experimental groups, with 2% and 4% of CCHM, was 
lower than that of the control group. However, there was no significant difference 
between the experimental group, which had 1% CCHM, and the control group. Activities 
of immune-related enzymes like lysozyme, acid phosphatase, and alkaline phosphatase 
(AKP) in the experimental groups with 1%, 2%, and 4% of CCHM were all higher than 
those of the control group. The lysozyme activity reached the highest in the experimental 
group with 1% of CCHM, the alkaline phosphatase (AKP) activity reached the peak in the 
experimental group with 2% of CCHM, and the acid phosphatase activity reached the 
highest in the experimental group with 2% of CCHM. Activities of antioxidant-related 
enzymes like catalase and glutathione peroxidase (GSH-PX) in C. auratus indigentiaus 
were all higher than those of the control group and reached the highest in the 
experimental group with 1% of CCHM. The total superoxide dismutase activity was 
highest in the experimental group with 4% of CCHM. Activities of intestinal digestive 
enzymes such as lipase, amylase, and trypsin in the experimental groups with 1%, 2%, 
and 4% of CCHM were higher than in the control group. Specifically, lipase and amylase 
activities were highest in the experimental group, with 1% of CCHM. In comparison, 
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trypsin activity reaches the highest in the experimental group with 4% of CCHM. The 
results of this study show that adding CCHM into feed can increase the activity of 
immune-related enzymes and antioxidant-related enzymes in the serum of C. auratus 
indigentiaus, improve the activity of intestinal digestive enzymes, and promote growth. 
The appropriate CCHM content in basal feed for C. auratus indigentiaus is 1%. 

INTRODUCTION 

China has been in the leading position regarding aquacul
ture output, accounting for more than 60% of the global 
aquaculture output.1 The demand for aquatic products ex
pands the aquaculture scale continuously and makes dis
ease issues more and more serious. Antibiotics are exten
sively used to assure aquatic animal health, threatening the 
quality of aquatic products and human health.2 After the 
Ministry of Agriculture and Rural Affairs issued the No.119 
announcement, China prohibited using feeds with growth 
promotion medical additives. Hence, research on feed-ori
ented antibiotic substitutes has become intensely scruti
nized in healthy aquaculture.3 

Chinese herbal medicine has a long research history in 
China. With various active ingredients, it is a natural im
munopotentiator and an ideal antibiotic substitute.4 The 
application of some ordinary Chinese herbal medicine to 
aquaculture has previously been reported. Lycium barbarum 
L. is a traditional Chinese medicine that can be used as 
both food and medicine. The main active ingredient, Lycium 
barbarum polysaccharide, is attractive to carnivorous fresh
water fish, crabs, and other aquatic animals and can lower 
feed coefficients (FCR) after long-term supply.5 Astragalus 
membranaceus can eliminate hydroxyl radicals and super
oxide anion free radicals. Adding an appropriate amount 
of fermented Astragalus membranaceus into feed can im
prove the antioxidant index of Epinephelus fuscoguttatus.6 

As the active ingredient in Astragalus membranaceus, As
tragalus polysaccharide can activate the immune responses 
of aquatic animals, while increasing phagocyte activity of 
hemocytes in Penaeus vannamei at 8 d.7 Adding 0.01% of 
Astragalus polysaccharide into feed increases the survival 
rate of zebrafish infected with spring viremia of carp virus 
(SVCV).8 Panax ginseng C.A.Mey is a rare medicinal herb 
with many beneficial active ingredients.9 Ginseng polysac
charides and ginseng saponin are the most extensive com
ponents applied to aquaculture. Liu et al. found that gin
seng polysaccharides can increase the immunologic 
functions and oxidation resistance of Penaeus vannamei.10 

Li et al. suggested that ginseng polysaccharides at 0.4 g/kg 
could significantly improve the weight gain rate (WGR) and 
liver-body ratio of black sea bream.11 Ginseng saponin has 
been proven to prohibit the occurrence of inflammation. 
The traditional Chinese compound pulse-activating decoc
tion prepared with ginseng saponin, and other ingredients 
might weaken proinflammatory cytokine expression lev
els.12 Phragmites communis Trin. is the fresh or dry rhizome 
of reed, a type of gramineous plant.13 There are few stud
ies concerning using Phragmites communis Trin. in aquacul
ture, but many reports describe the protective effect on an
imal organs. Water extracts of Phragmites communis Trin. 
can mitigate fibrosis and lung tissue damage in mice with 

radiation-induced lung injury and inhibit cell apoptosis and 
inflammatory responses in the lungs.14 It can improve he
patic pathological changes in rats caused by acute alcoholic 
damage through intragastric administration of Phragmites 
communis Trin. extracts.15 

Compared to a single Chinese herb, the compound Chi
nese herbal medicine (CCHM) prepared by multiple Chinese 
herbs as an integral formulation has an improved therapeu
tic effect, highlighting the importance of Chinese herbal 
therapy utilizing synergistic effects.16 It has been proved 
that using CCHM as feed additives in aquaculture can pro
mote growth, enhance immunity, and so on.17,18 Hence, Ly
cium barbarum L., Astragalus membranaceus, Panax ginseng 
C.A.Mey and Phragmites communis Trin. were mixed at vari
able ratios to prepare CCHM, which was added to the basal 
feed to explore its effect in aquaculture as a feed additive. 

Carassius auratus indigentiaus, also called dongtingking 
crucian carp, is a natural carp species discovered in the 
Beimin Lake, Lishui, Changde City, Hunan Province. Con
sumers and culturists highly appreciate the species due to 
its flesh taste, strong adaptability, quick growth and other 
good characteristics.19,20 In recent years, the aquaculture 
industry of C. auratus indigentiaus has achieved rapid devel
opment. Although it brings remarkable economic and other 
excellent traits, the high-density intensive culture and en
vironmental worsening intensify stresses against C. aura
tus indigentiaus. Nevertheless, the influence of CCHM on in
testinal digestive enzymes, growth indicators, antioxidants, 
and the immune system of C. auratus indigentiaus has not 
yet been reported. The current study investigated the po
tential of CCHM supplements in the basal feed for C. au
ratus indigentiaus. Growth index, activities of antioxidant 
and immunity-related enzymes in serum, as well as activi
ties of intestinal digestive enzymes, were assessed. Effects 
of CCHM dosage on growth indicators, antioxidant and im
mune system, and activities of intestinal digestive enzymes 
of C. auratus indigentiaus were explored, aiming to provide 
experimental references for healthy cultivation and disease 
control of C. auratus indigentiaus. 

MATERIALS AND METHODS 

FISH FOR EXPERIMENT 

Carassius auratus indigentiaus (38±5) g were collected from 
the fish breeding base of Hunan University of Arts and Sci
ence. Before sampling, the fish were kept in the laboratory 
cyclic cultivation system for two weeks, during which aer
ation was provided for 24h. The dissolved oxygen content 
was (6.0±0.2) mg/L, and the water temperature was main
tained at (30±2) °C. Additionally, an appropriate amount 
of floating feed was offered to adult fish. The experiment 
was conducted with approval from the Institutional Animal 
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Table 1. Compound Chinese herb composition and nutrient levels        

Astragalus membranaceus Panax ginseng Lycium barbarum Phragmites communis Total 

Additive amount /g 45 15 30 10 100 

Crude protein /g 14.9 12.3 13.9 13 14.02 

Crude fat /g 1.1 0.1 5 2.3 2.24 

Crude ash /g 5 5 6 3 5.1 

Carbohydrate /g 33.4 58.6 45 78 45.12 

Cellulose /g 42.1 17.1 16.9 1.4 26.72 

Total energy (KJ/g) 9.8 13.20 13.14 17.6 12.1 

Care and Use Committees (JSDX-2022-00) of Hunan Univer
sity of Arts and Science, Changde, China. 

PREPARATION OF FEEDS WITH CCHM 

After Astragalus membranaceus, Lycium barbarumL., Panax 
ginseng C.A.Mey and Phragmites communis Trin. were 
ground into powder, they were mixed at the ratio of 
4.5:3:1.5:1, and the CCHM powder was prepared. The pow
der was added to the prepared basal feed (control group) 
according to different concentration gradients. A total of 
four treatment groups were assessed, including the control 
group (without CCHM), low-dose group (1% of CCHM), 
middle-dose group (2% of CCHM) and high-dose group (4% 
of CCHM). The composition and nutritional levels of the 
CCHM additives are shown in Table 1 . The composition and 
nutrients of feed are shown in Table 2 . 

FEEDING AND MANAGEMENT 

Sixty C. auratus indigentiaus were stocked into each culture 
tank, including one control group and three test groups. 
After temporary culture for two weeks, fish were fed by 
forages with different dosages of CCHM at 8:30 and 17:00 
(24-hour clock), respectively. The feeding amount was 2% 
of the body weight daily. The water in the tank was changed 
every 3d, and the water exchange volume was set to 1/3 of 
the total water volume. The culture tank was cleaned, sup
plied with oxygen, and exposed to air for 24 hours. The cul
ture period was 90 d. 

TEST OF GROWTH INDICATORS 

Weight gain rate (WGR) =(W1-W0) / W0 × 100% 
Specific growth rate (SGR) = (lnW1–lnW0)/ T × 100% 
Feed coefficient (FCR) = feed consumption / (W1-W0) × 

100% 
Hepatosomatic index (HSI)=G1 / A × 100%; 
Spleen index (SPI) =G2 / A × 100%; 
W0 represents the initial weight of fish at the beginning 

of the experiment. W1 denotes the weight of the fish at the 
end of the experiment. T represents culture time (d). G1 
represents the mean liver weight of fish, G2 represents the 
mean spleen weight of fish, and A is the mean weight of 
fish. 

TEST OF SERUM ANTIOXIDASE AND IMMUNE-RELATED 
ENZYME ACTIVITY 

Following 90 d of cultivation, five C. auratus indigentiaus 
samples were collected randomly from the test and control 
groups for euthanasia with MS-222. Later, 1 ml of blood was 
collected from the caudal vein with a sterile injection sy
ringe and then centrifuged under 4°C for 10 min at the rate 
of 4,000 r/min. The serum was separated and stored in a 
4°C refrigerator for later use. The kits were purchased from 
Nanjing Jiancheng Bioengineering Research Institute. Ac
cording to operation steps in the kits’ instruction, lysozyme 
content (Lys) and activities of total superoxide dismutase 
(T-SOD), catalase (CAT), acid phosphatase (ACP), alkaline 
phosphatase (AKP) and glutathione peroxidase (GSH-PX) in 
serum of C. auratus indigentiaus were measured by a multi
mode microplate reader (BioTek, USA). 

TEST OF ACTIVITIES OF INTESTINAL DIGESTIVE 
ENZYMES 

After 90 days of cultivation, five C. auratus indigentiaus 
samples were collected randomly from the test and control 
groups for euthanasia with MS-222 and blood sampling. 
Later, the middle intestinal tissues (2g) were collected from 
each C. auratus indigentiaus, to which pre-cooled normal 
saline (4°C) was added at the ratio of 1:9 (W/V). The mix
ture was mixed evenly in the ice-water bath for 30 minutes, 
and the homogenate was centrifuged at 4°C for 10 minutes 
at a rate of 3,000 r/min. The supernatant was separated. 
Test kits for amylase (AMS), lipase (LPS) and trypsin (TRS) 
were sourced from Nanjing Jiancheng Bioengineering Re
search Institute. According to the instruction operating 
steps, activities of AMS, LPS and TRS in the intestinal tract 
of C. auratus indigentiaus were measured by a multimode 
microplate reader (BioTek, USA). 

DATA PROCESSING 

Experimental data was expressed as means ± standard de
viations. Since there are multiple independent groups for 
one factor， the one-way analysis of variance (ANOVA) was 
carried out using the SPSS15.0 statistical software. P < 0.05 
indicates a significant difference. P < 0.01 expresses an ex
tremely significant difference. P > 0.05 indicates no signifi
cant difference. 
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Table 3. Effects on of compound Chinese herbs growth performance of          C. auratus indigentiaus    

Item 
CCHM additives 

Control group 1% 2% 4% 

Initial body weight (g) 38.00±5.00 38.00±5.00 38.00±5.00 38.00±5.00 

Final body weight (g) 42.96±1.25 65.62±9.05 59.66±9.91 66.94±9.29 

WGR (%) 11.58±1.37 70.44±8.76* 54.96±10.70** 73.87±7.20* 

SGR (%) 0.14±0.02 0.61±0.16* 0.50±0.18* 0.63±0.15* 

FCR (%) 1.38±0.02 0.25±0.06* 0.32±0.11* 0.24±0.07* 

“*” and “**” indicate a significant difference at P<0.05 and P<0.01, respectively, between the treatment group and control groups. 

Table 2. Composition and nutrient levels of experimental diet        

Feed composition 

Material ratio (g/kg) Control group 1% 2% 4% 

Soybean meal 200 200 200 200 

Rapeseed meal 400 400 400 400 

Fish meal 110 110 110 110 

Wheat 175 165 155 135 

Soybean oil 60 60 60 60 

Compound feed premix 30 30 30 30 

bentonite 23 23 23 23 

Choline chloride 1.7 1.7 1.7 1.7 

Sodium diacetate 0.1 0.1 0.1 0.1 

Ethoxyquinoline 0.2 0.2 0.2 0.2 

Chinese herbal compound 0 10 20 40 

Total 1000 1000 1000 1000 

Nutrient level% 

Crude protein 33.97 33.98 33.99 34.01 

Crude fat 8.85 8.86 8.86 8.88 

Crude ash 5.56 5.58 5.59 5.68 

Calcium 1.2 1.2 1.2 1.2 

Carbohydrate 29.83 29.59 29.35 28.88 

Total phosphorus 0.5 0.5 0.5 0.5 

Crude fibre 6.24 6.48 6.73 7.22 

Total energy (MJ/kg) 16.75 16.71 16.68 16.60 

RESULTS 

EFFECTS OF CCHM ON GROWTH PERFORMANCES 

The CCHM was added into the basal feed of C. auratus in
digentiaus. At 90 d, the WGR and SGR of the control group 
were 11.58±1.37 % and 0.14±0.02 %, respectively. WGR and 
SGR of test groups were all significantly higher than in the 
control group (P<0.05), while FCR was significantly lower 
(P<0.05). WGR and SGR reached the highest (73.87±7.20 % 
and 0.63±0.15 %, respectively) in the test group with 4% of 
CCHM, while FCR was the lowest (0.24±0.07 %) (Table 3 ). 
SPI increased significantly in the test group with 1% of 

CCHM compared to the control group (P<0.05). However, 
the test groups with 2% and 4% CCHM showed no signif

icant differences compared to the control group regarding 
SPI (P>0.05) (Fig. 1 ). 
HSI of both test groups with 2% and 4% of CCHM was 

significantly lower than the control group (P<0.05). HSI of 
the test group with 1% of CCHM showed no significant dif
ference from the control group (P>0.05) (Fig. 2 ). 

EFFECTS OF CCHM ON ACTIVITIES OF SERUM IMMUNE-
RELATED ENZYMES 

LYS ACTIVITY 

Serum Lys content was 1341.66 U/mL in the control group, 
1419.75 U/mL in the low-dose group (1%), 1365.03 U/mL in 
the middle-dose group (2%), and 1372.83 U/mL in the high-
dose group (4%). The serum Lys contents in test groups 
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Fig. 1. Effect of CCHM on spleen index of        C. auratus   
indigentiaus.  Different letters indicate significant     
differences  

Fig. 2. Effect of CCHM on hepatosomatic index of        C.  
auratus indigentiaus . Different letters indicate     
significant differences.   

Fig. 3. Effect of CCHM on lysozyme content of        C.  
auratus indigentiaus.   Different letters indicate    
significant differences   

were all significantly higher than in the control group 
(P<0.05). The serum Lys content reached the highest in the 
low-dose group (1%) (P<0.01) (Fig. 3 ). 

Fig. 4. Effect of CCHM on acid phosphatase of        C.  
auratus indigentiaus . Different letters indicate     
significant differences   

Fig. 5. Effect of CCHM on alkaline phosphatase of        C.  
auratus indigentiaus . Different letters indicate     
significant differences.   

ACP ACTIVITY 

Serum ACP activity was 2.37 U/mL in the control group, 
44.38 U/mL in the low-dose group (1%), 18.34 U/mL in 
the middle-dose group (2%), and 65.68 U/mL in the high-
dose group (4%). Specifically, serum ACP activities of all 
test groups were significantly higher than the control group 
(P<0.05), reaching the peak in the high-dose group (4%) 
(P<0.01) (Fig. 4 ). 

AKP ACTIVITY 

Serum AKP activity was 202.32 U/mL in the control group, 
206.62 U/mL in the low-dose group (1%), 229.84 U/mL in 
the middle-dose group (2%), and 226.83 U/mL in the high-
dose group (4%). The serum AKP activities of the middle-
dosage and high-dosage groups were significantly higher 
than the control group (P<0.05), reaching the peak in the 
middle-dosage group (2%) (P<0.01) (Fig. 5 ). 
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Fig. 6. Effect of CCHM on the activity of total         
superoxide dismutase in    C. auratus indigentiaus  .  
Different letters indicate significant differences.      

EFFECTS OF CCHM ON ACTIVITIES OF SERUM 
ANTIOXIDANT ENZYMES 

T-SOD ACTIVITY 

Serum T-SOD activity was 0.26 U/mL in the control group, 
0.24 U/mL in the low-dose group (1%), 0.27U/mL in the 
middle-dose group (2%), and 0.32U/mL in the high-dose 
group (4%). Specifically, the serum T-SOD activity of the 
low-dosage group decreased dramatically compared to the 
control group (P<0.05). However, the serum T-SOD activity 
of the middle-dosage group showed no significant differ
ence from the control group (P>0.05). The serum T-SOD 
activity of the high-dosage group was significantly higher 
compared with the control group (P<0.05) (Fig. 6 ). 

CAT ACTIVITY 

Serum CAT activity was 236.87 U/mL in the control group, 
320.43 U/mL in the low-dose group (1%), 254.19 U/mL in 
the middle-dose group (2%), and 272.25 U/mL in the high-
dose group (4%). Specifically, the serum CAT activity of all 
test groups increased sharply compared with the control 
group (P<0.05), reaching a peak in the low-dosage group 
(1%) (Fig. 7 ). 

GSH-PX ACTIVITY 

Serum GSH-PX activity was 63.30 U/mL in the control 
group, 131.87 U/mL in the low-dose group (1%), 84.40 U/
mL in the middle-dose group (2%), and 105.49 U/mL in the 
high-dose group (4%). Specifically, the serum CAT activity 
of all test groups was significantly higher than the control 
group (P<0.05), reaching a peak in the low-dosage group 
(1%) (Fig. 8 ). 

Fig. 7. Effect of CCHM on catalase activity of        C. auratus   
indigentiaus. Different letters indicate significant      
differences.  

Fig. 8. Effect of CCHM on glutathione peroxidase       
activity of   C. auratus indigentiaus.    Different letters   
indicate significant differences.    

EFFECTS OF CCHM ON ACTIVITIES OF INTESTINAL 
DIGESTIVE ENZYMES 

TRS ACTIVITY 

The intestinal TRS activity was 0.67 U/mg in the control 
group, 0.81 U/mg in the low-dose group (1%), 0.88 U/mg 
in the middle-dose group (2%), and 1.21 U/mg in the high-
dose group (4%). Specifically, the intestinal TRS activity of 
all test groups was significantly higher compared to the 
control group (P<0.05) (Fig. 9 ). 

AMS ACTIVITY 

The intestinal AMS activity was 0.58 U/mg in the control 
group, 0.80 U/mg in the low-dose group (1%), 0.59 U/mg 
in the middle-dose group (2%), and 0.63 U/mg in the high-
dose group (4%). Specifically, the intestinal AMS activity of 
the low-dosage group (1%) was the highest and was signif
icantly higher than the control group (P<0.05). The intesti
nal AMS activities of the middle-dosage group (2%) and 
high-dosage group (4%) showed no significant difference 
from the control group (P>0.05) (Fig. 10 ). 

Effects of compound Chinese herbal medicine on growth performances, non-specific immunity and digesti…

Israeli Journal of Aquaculture - Bamidgeh 193

https://ija.scholasticahq.com/article/129714-effects-of-compound-chinese-herbal-medicine-on-growth-performances-non-specific-immunity-and-digestive-enzyme-activity-of-dongtingking-crucian-carp-_/attachment/265852.jpeg
https://ija.scholasticahq.com/article/129714-effects-of-compound-chinese-herbal-medicine-on-growth-performances-non-specific-immunity-and-digestive-enzyme-activity-of-dongtingking-crucian-carp-_/attachment/265853.jpeg
https://ija.scholasticahq.com/article/129714-effects-of-compound-chinese-herbal-medicine-on-growth-performances-non-specific-immunity-and-digestive-enzyme-activity-of-dongtingking-crucian-carp-_/attachment/265854.jpeg


Fig. 9. Effect of CCHM on trypsin activity of        C. auratus   
indigentiaus. Different letters indicate significant      
differences.  

Fig. 10. Effect of CCHM on amylase activity of        C.  
auratus indigentiaus.   Different letters indicate    
significant differences.   

LPS ACTIVITY 

The intestinal LPS activity was 0.58 U/mg in the control 
group, 1.2 U/mg in the low-dose group (1%), 0.91 U/mg in 
the middle-dose group (2%), and 0.96 U/mg in the high-
dose group (4%). The intestinal LPS activity of all test 
groups was significantly higher than the control group 
(P<0.05). The intestinal LPS activities of the middle and 
high-dosage groups presented no significant differences 
(P>0.05). However, the intestinal LPS activity of the low-
dosage group (1%) revealed the highest value (P<0.01) (Fig.  
11). 

DISCUSSION 

Compound Chinese herbal medicine (CCHM) has shown 
many beneficial effects on aquatic animals as a feed ad
ditive. Carassius auratus indigentiaus (C. auratus indigenti
aus), a special strain of crucian carp, which has a variety 
of excellent characteristics and good breeding value. To our 
knowledge, there was no information up to now on the ef
fects of CCHM on growth, immune response, and diges
tive capacity in the breeding industry of C. auratus indi

Fig. 11. Effect of CCHM on lipase activity of        C. auratus   
indigentiaus.  Different letters indicate significant     
differences  

gentiaus. In the current work, we described the effects of 
feed containing three additional doses of CCHM on the 
growth performance, antioxidation activities and immune-
related enzymes, digestive enzymes in C. auratus indigen
tiaus. As shown in the results, CCMH effectively improved 
the growth and enzyme activity. 
The growth ability of aquatic animals is critical as it cor

relates with aquaculture production efficiency.21 According 
to this study, WGR and SGR of C. auratus indigentiaus in
creased significantly using feeds containing CCHM, while 
FCR decreased sharply. Such outcomes demonstrate that 
CCHM can facilitate the growth and development of C. au
ratus indigentiaus, increase the feed conversion ratio, and 
promote digestion and absorption of basal feeds. It is re
ported that the formulation of CCHM containing Astragalus 
membranaceus and active substances in Astragalus mem
branaceus is beneficial for the growth of some aquatic 
fishes.22 After feeding with the compounds derived from 
Astragalus membranaceus, Angelica sinensis and Fructus 
crataegi at the ratio of 1:1:1 for 4 weeks, WGR, SGR and 
FCR of Nile tilapia were increased significantly.23 Feeds 
prepared for prawns by mixing Astragalus membranaceus, 
liquorice, radix bupleuri and Angelica sinensis at an equal 
ratio induced the WGR and SGR to reach the highest in 
the test group (containing 0.4%) and FCR being the lowest 
in the test group (containing 0.8%).24 Li et al. added As
tragalus membranaceus, garlic, Chrysanthemum indicum L., 
fructus crataegi, and water extracts of radix isatidis into 
basal feeds of grass carp at an equal ratio. WGR and SGR 
of test groups (adding 1%, 2%, 4% and 8%) increased sig
nificantly compared to the control group.25 The fish organ 
index is an important index that reflects fish body func
tions.26 In the present study, the SPI of C. auratus indigen
tiaus showed no apparent changes compared to the control 
group. HSI declined considerably in the middle-dosage and 
high-dosage groups but showed no apparent differences be
tween the low-dosage and control groups. Such results in
fer that CCHM can protect the liver and spleen of C. auratus 
indigentiaus to some extent.27 SPI of the low-dosage group 
increased significantly, similar to reports by Wang et al.28 

These data reveals that Chinese herbal compounds can pro

Effects of compound Chinese herbal medicine on growth performances, non-specific immunity and digesti…

Israeli Journal of Aquaculture - Bamidgeh 194

https://ija.scholasticahq.com/article/129714-effects-of-compound-chinese-herbal-medicine-on-growth-performances-non-specific-immunity-and-digestive-enzyme-activity-of-dongtingking-crucian-carp-_/attachment/265855.jpeg
https://ija.scholasticahq.com/article/129714-effects-of-compound-chinese-herbal-medicine-on-growth-performances-non-specific-immunity-and-digestive-enzyme-activity-of-dongtingking-crucian-carp-_/attachment/265856.jpeg
https://ija.scholasticahq.com/article/129714-effects-of-compound-chinese-herbal-medicine-on-growth-performances-non-specific-immunity-and-digestive-enzyme-activity-of-dongtingking-crucian-carp-_/attachment/265857.jpeg


mote the growth and development of the spleen, while reg
ulating the spleen and liver of C. auratus indigentiaus under 
low dosages. 
The activity of serum immune-related enzymes is an es

sential indicator for evaluating the immunological health 
of fish. Hence, Chinese herbs’ effects on aquatic animals’ 
immunity are usually evaluated by assessing the activities 
of non-specific immune enzymes.4,29 The metabolism of 
aquatic organisms is partly regulated by the phosphory
lation and dephosphorylation of various compounds. This 
reaction requires catalysis by different phosphatases (e.g. 
ACP and AKP) and participates in the transfer and me
tabolism of phosphate groups.30 The compound with 4% 
Dendrobium officinale could significantly increase the serum 
ACP activity of Gifu tilapia, and the compound with 8% 
Dendrobium officinale can significantly lower its serum AKP 
activity.31 The serum AKP and ACP activities of Epinephelus 
Lanceolatus were significantly improved by adding CCHM 
into the basal feeds. Such outcomes prove that CCHM can 
activate AKP and ACP to participate in non-specific im
mune responses in fish bodies.32 Lys is a kind of antibac
terial peptide and the first defensive line of congenital im
munity in fishes. It is often called a natural antibacterial 
agent in fish bodies and plays an essential role in the im
mune responses of fish.33 The feeds containing Glycyrrhiza 
glabra, Astragalus membranaceus, honeysuckle, Rheum of
ficinale and semen cassia were supplied to Pelteobagrus ful
vidraco and found that serum Lys content in all test groups 
was significantly higher than that of the control group at 28 
d.29 In Acipenser schrenckii, Lu et documented that serum 
Lys content increased significantly at 76d after discontinu
ous supply with feeds containing 0.4g/kg of CCHM prepared 
by Codonopsis pilosula, Schisandra chinensis, acanthopanax 
and Agastache rugosus.34 In summary, CCHM can promote 
abundant production of Lys in Pelteobagrus fulvidraco and 
Acipenser schrenckii. In our study, the LZM content, AKP 
activity, and ACP activity of the different test groups were 
far higher than those of the control group. LZM content 
reached the highest in the low-dosage group (1%), the AKP 
activity reached the highest in the middle-dosage group 
(2%), and ACP activity reached the peak in the high-dosage 
group (4%). These data support the hypothesis that CCHM 
can accelerate C. auratus indigentiaus’ metabolism, promote 
immune responses, and enhance non-specific immunity. 
During aquaculture operations, various physiological re

actions and environmental changes quickly induce large-
scale production of reactive oxygen species (ROS) in aquatic 
animals, thus producing oxidative stresses that inhibit 
growth and even cause abnormal deaths of aquatic ani
mals.35 The antioxidant defense system is conducive to 
eliminating excessive ROS and offset tissue and organ dam
age of farmed animals caused by oxidative stresses.36 The 
fish antioxidant defense system comprises T-SOD, CAT, 
GSH-PX, and other antioxidants. It releases ROS by elim
inating various metabolic activities of living bodies under 
typical situations to cope with oxidative stresses effectively 
and decompose them into low-toxic and non-toxic sub
stances.37 T-SOD reflects the ability to eliminate superox
ide radicals and protect cells or tissues from ROS toxicity.38 

CAT catalyses hydrogen peroxide to form water and oxygen, 
playing a crucial role in the immunoregulation network of 
aquatic animals.39 GSH-PX and CAT have the same effect, 
and CAT decomposition is accelerated with the assistance 
of GSH-PX.40 Several herbal preparations have been tested 
for their promoting effect on antioxidant enzymes activ
ity in aquatic animals. After a continuous supply of feeds 
containing CCHM (including Astragalus membranaceus) by 
30d, the serum T-SOD and CAT activities of hybrid sturgeon 
(1% test group) was significantly higher than those at 0d.41 

Ghafarifarsani et al.42 cultured common carp with different 
dosages of CCHM prepared from Malvae sylvestris, Orig
anum vulgare, and Allium hirtifolium. Within the dosage 
range from 0.5% to 5%, the T-SOD and GSH-PX activities 
under 1% reached the highest, and CAT activity under 5% 
was the highest.42 The results in the present study show 
that CAT and GSH-PX activities of all test groups were 
significantly higher than those of the control group. They 
peaked in the low-dosage group, while T-SOD activity 
peaked in the high-dosage group, indicating that adding 
CCHMs improves antioxidant indicators of C. auratus indi
gentiaus and their responses to antioxidant stresses. 
Fish digestive enzymes mainly originate from the pan

creas and have a digestive effect on the intestinal tract. 
Hence, the digestive ability of fish can be reflected by the 
activity of intestinal digestive enzymes.43 Among various 
digestive enzymes, AMS can facilitate the hydrolysis of 
starch and glycogen in fish bodies.44 LPS facilitates the 
hydrolysis of triglycerides, producing free fatty acids and 
monoacylglycerols that can be absorbed, utilized, or stored 
by the body.45 TRS hydrolyze proteins through pyrolysis 
of amino acid carboxyl protein chains and participates in 
metabolic reactions related to multiple proteins.46 Hence, 
we chose to measure the activity of AMS, LPS and TRS in 
the intestine to evaluate the changes in the digestive ability 
of C. auratus indigentiaus after feeding the diet containing 
CCHM. After mixing CCHM composed of Astragalus mem
branaceus, honeysuckle, Eucommia ulmoides, and another 
nine Chinese herbs into feeds for Acanthopagrus schlegelii, 
it was reported that TRS and AMS activities in the test 
groups (concentration>3.5%) increased significantly. How
ever, they showed no apparent difference in the low-dosage 
group. Among all dosage groups, CCHM increased LPS ac
tivity significantly.47 CCHM feed containing similar propor
tions of Ferula sinkiangensis, Medicago falcata L. and garlic 
powder could increase TRS and LPS activities in the intesti
nal tract of Lateolabrax japonicas effectively. TRS and LPS 
activities reached the highest under the dosage of 2.0% and 
are significantly higher than those of the control group. 
However, AMS activity showed no noticeable difference.48 

Such outcomes demonstrate that CCHM can improve diges
tive enzyme activities in Acanthopagrus schlegelii and La
teolabrax japonicas to some extent, facilitate nutrient ab
sorption, and increase feed utilization. In this experiment, 
the LPS activity of the test groups was significantly higher 
than that of the control group and reached a peak in the 
low-dosage group (1%). The AMS activity of the low-dosage 
group (1%) was far higher than that of the control group. 
However, the AMS activity of the low-dosage group (1%) 
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and middle-dosage group (2%) had no significant difference 
from the control group. After Artemisia capillaris, rheum of
ficinale, and tulip were mixed at some ratios, the LPS ac
tivity and AMS activity of Gifu tilapia juvenile under the 
dosage of 10g/kg increased significantly,49 corroborating 
results in the present work. TRS activity increased grad
ually with increasing CCHM dosages, inferring that the 
dosage of CCHM in basal feed had a linear relationship with 
TRS activity. 
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