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F1 JLAUESTHR 4 ML RR AL 5

Tab. 1 Ingredients of the four experimental diets fed to L. vannamei g/kg
i J??H — SEIGARFEA  experimental treatments

gredient o sl 2 s3 S4 E
#f)  fish meal 25 250 250 250 250 250
TH  soybean meal 300 300 300 300 300 300
EKVEH  corn starch 250 250 250 250 250 250
Mh#E+  attapulgite” 0 1 2 4 8 0
B R enrofloxacin 0 0 0 0 0 2
il fish oil 10 10 10 10 10 10
il soybean oil 20 20 20 20 20 20
KIGUIMENE  soy lecithin 1 10 10 10 10 10
JH[&E & cholesterol 5 5 5 5 5 5
R =24 Ca(H,POy), 10 10 10 10 10 10
HEYEAZER  vitamin premix” 20 20 20 20 20 20
SEW YR mineral premix” 20 20 20 20 20 20
PR REAYERY]  sodium carboxymethyl cellulose 30 30 30 30 30 30
SULNESE  choline chloride 5 5 5 5 5 5
YT antioxidant 0.5 0.5 0.5 0.5 0.5 0.5
EH3EHE betaine 10 10 10 10 10 10
42 cellulose 59.5 58.5 57.5 55.5 51.5 57.5
it total 1 000 1 000 1 000 1 000 1000 1 000
TARLR >4 &/% feed ingredient content
/K4 moisture 8.51 8.38 8.36 8.99 7.42 7.47
HI%H  crude protein 32.18 32.63 32.79 31.96 31.93 31.85
HUERT  crude lipid 7.25 7.81 7.96 7.48 7.66 7.75
K4y ash 9.26 9.42 9.79 9.38 9.17 9.69

e )M R VL AR E R R A IR A TSR, 2)FI3). E AL R EET I HAUN R A AR R A F AL
Notes: 1). palygorskite is offered by Jiangsu Shenlit Biotechnology Co., Ltd., 2) and 3). vitamin premix and mineral premix are offered by Hangzhou

Minsheng Biotechnology Co., Ltd..
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FHEE B 5 498 g vk & Gl 42 % (FOSS,  Soxtec™
2055, FHit).
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Fig. 1 Effects of different treatments on the survival rate (a) and weight gain rate (b) of L. vannamei

0. control, 1. S1, 2. S2, 3. S3, 4. S4, 5. E (enrofloxacin group). Different letters represent significant differences between the two sets of values (P<0.05),

the same below.
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i AR, &
2 LI EENENERALAER S EK 2 (FE)
Tab.2  Inter-group analysis of muscle composition of L. vannamei (dry weight) %
‘ SEUGARPEZH  experimental treatment group
i) %ix
muscle composition Cif]i‘i | S1 S 3 S4 E
7K43  moisture 78.10+0.27 78.05+0.09 78.16+0.46 78.08+0.09 78.63+0.35 78.47+0.35
HMEH  crude protein 84.18+0.16 83.93+0.49 85.09:0.40 85.11+0.46 85.17+0.42 85.540.29
HAEWT  crude lipid 9.88+0.40 11.41£0.91 9.32+0.64 9.59+0.74 10.58+0.84 9.38+0.67
K4y ash 8.96+0.23 9.27+0.34 8.93+0.36 9.41+0.15 8.99+0.46 9.06+:0.26
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N

Fig.2 Effects of different treatments on the activity of digestive enzymes of L. vannamei

(a-(c) hepatopancreas, (d)-(f) intestine. * indicates a significant difference (P<0.05), ** indicates an extremely significant difference (P<0.01), the same

below.
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Fig. 3 Effects of different treatments on serum nonspecific immunity of L. vannamei
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Fig. 4 Effects of different treatments on the antioxidant capacity of the hepatopancreas of L. vannamei
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Fig. 5 Effects of different treatments on intestinal microbial diversity of L. vannamei

0. control group, 1. S2 group, 2. E group.
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A PR TR 8 (Pseudoalteromonas) A1+ /\FT &
J& (Octadecabacter) #8 X%t 3= B i 1L T 73 48 P 41
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Fig. 6 Effects of different treatments on the relative abundance of intestinal microbial of L. vannamei

(a) main component analysis of intestinal flora; (b) differences at the phylum level of intestinal microorganisms, 1. Bacteroidetes , 2. Firmicutes, 3. Ver-

rucomicrobia, 4. Proteobacteria; (c) differences at the genus level of intestinal microorganisms, 1. Octadecabacter , 2. Pseudoalteromonas, 3. Lactobacil-

lus, 4. Acidovorax, 5. Vibrio, 6. Microbacterium, 7. Roseburia, 8. Paracoccus, 9. Enterococcus, 10. Bacteroides, 11. Flavobacterium.
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Fig. 7 Abundance ratio of different treatments for the prediction function of intestinal microbials in L. vannamei

1 represent the signal pathway of the control group compared with the S2 group for functional changes; 2 represent the signal pathway of S2 group com-

pared to E group. The corresponding asterisk on the right indicates the P value of the predicted functional abundance ratio, P<0.05 indicates a significant

difference, and P<0.01 indicates that the difference is significant. FC indicates fold change of pathway expression.
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Fig. 8 Interspecific network diagram of different treatments of intestinal microorganisms of L. vannamei

(a) control, (b) S2 group, (c) E group. Each node represents a genus of bacteria. The node color indicates the phylum to which the bacteria belong.

Between two separate nodes, the red line represents a positive interaction, and the green line represents a negative interaction.
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Effects of new antibacterial substance palygorskite on the growth,
antioxidant capacity and intestinal microbiota of Litopenaeus vannamei

HAN Fenglu', CHEN Enpeng', JIANG Xiancheng', DONG Xiao?, LI Zhao,
QIAN Junzhe ', XU Chang', LI Erchao™
(1. Key Laboratory of Tropical Hydrobiology and Biotechnology of Hainan Province,

Hainan Aquaculture Breeding Engineering Research Center,
College of Marine Sciences, Hainan University, Haikou 570228, China;
2. Jiangsu Sinitic Biological Technology Co., Ltd., Huaian 211700, China;
3. Laboratory of Aquaculture Nutrition and Environment Health, School of Life Sciences,
East China Normal University, Shanghai 200241, China)

Abstract: The aim of this study is to study the effects of palygorskite, a new antibacterial substance, on the growth
performance, digestibility, antioxidant capacity and intestinal microbiota of Litopenaeus vannamei. The juvenile
shrimp with an initial weight of (0.17+0.01) g were selected and fed with diets with 0% (control), 0.1% (S1), 0.2%
(S2), 0.4% (S3), and 0.8% (S4) palygorskite, respectively, as well as the antibiotic control group diet (E) contain-
ing 0.2% enrofloxacin and were cultured for 8 weeks. The weight gain of shrimp in the palygorskite treatment
groups did not increase significantly, but the survival rate of shrimp in the S1 and S2 groups was significantly
higher than that in the control group, and there was no significant difference from the E group. Compared with the
control group, the palygorskite supplementation groups showed increases in the activities of intestinal amylase,
lipase and trypsin, as well as the lipase activity in the hepatopancreas of juvenile shrimp. The serum acid phos-
phatase and alkaline phosphatase activities in the S2 group were significantly higher than those in the control and E
groups. The hepatopancreas superoxide dismutase activity of the S3 or S4 groups was significantly higher than that
of the other groups. The o diversity analysis of intestinal microbiota showed that the Chaol index of intestinal
microbial richness decreased in the S2 group, but the coverage increased significantly. Compared with the control
group, the abundance regulation of some genera in the S2 group was similar to that of enrofloxacin compared with
the E group. According to the difference analysis of metabolic pathways and the mapping of interspecific relation-
ships, palygorskite can upregulate 4 pathways of taurine, glutathione, galactose and fatty acid metabolism and
increase the cooperation ability among intestinal microbes. Adding 0.1%-0.2% palygorskite to the diet can signific-
antly improve the survival rate, digestibility and hepatopancreas antioxidant capacity of L. vannamei and play a
role similar to that of enrofloxacin in regulating the abundance of intestinal microbiota in shrimp.
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