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Tab. 1 Nutrient composition of the basic feed

W i W i
Composition  Content (%) Composition Content

155 4 Crude =>49.0 i Calcium =04

protein

H BN Crude lipid ~ =4.5 M Total =0.8

Phosphorus
F£F4ECrude Fiber 6.0 WA Lysine =230
FLIK 43 Ash =16.0 7K 4> Moisture <10.0
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F2 TERBRENCEEEKEEENFME
Tab. 2 Effect of C. butylum on growth performance of A. fasciatus

AR IE ik R IR WEA BIRL R
Group concentration  Survival rate (%) Final body weight (g) Specific growth rate (%) Weight gain rate (%) Feed conversion ratio

0 65 2.75+0.44° 1.60+0.32" 161.29440.46° 1.65+0.13

510 70 3.73+0.66" 2.1240.41° 256.56+61.18" 1.43+0.27

5x10° 76.66 4.24+0.35° 2.33+0.48" 303.97+71.33° 1.27£0.23

1x10° 75 4.15+0.53° 2.29+0.46° 292.93+73.81° 1.3140.14

T B R A AR T BB AR OR A 3 R R (P<0.05)

Note: Different superscript letters in the single column indicate significant differences (P<0.05)
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Fig. 2 Effects of C. butyricum on intestinal antioxidant indexes of A. fasciatus
*RINP<0.05. **FRP<0.01
* indicates P<0.05, ** indicates P<0.01
*3 BELEEBENM Alpha ZHMEERSIT
Tab. 3 Statistics of Alpha diversity index of 4. fasciatus intestinal tract samples of the two groups

Sample ID OTUs ACE Chaol Simpson Shannon PD_whole_tree Coverage
DI-1 1632 1653.8025 1660.8791 0.9946 8.8723 29.4309 0.9983
DI-2 1747 1772.8131 1779.1622 0.9945 8.9687 29.8903 0.9979
DI-3 2054 2063.8202 2065.7945 0.9928 8.8562 30.2213 0.9993
DI-4 2348 2349.3368 2349.3636 0.9398 7.5711 28.9959 0.9999
DI-5 2061 2065.775 2067.5517 0.9842 8.0233 15.2332 0.9994
NI-1 1806 1821.3398 1838.0508 0.9882 8.4165 28.4622 0.9988
NI-2 1774 1786.3077 1790.5584 0.9857 8.3413 35.5704 0.9991
NI-3 1783 1796.2167 1807.9375 0.9594 7.7772 28.7482 0.999
NI-4 1815 1832.3875 1843.6098 0.9906 8.6366 35.3100 0.9986
NI-5 1518 1526.5589 1530.3333 0.9909 8.4312 24.9527 0.9991

DI 1968 1981.1095* 1984.5502" 0.9812° 8.4583" 26.7543" 0.9989
NI 1739 1752.5621° 1762.0979" 0.9829" 8.3205" 30.6087" 0.9989

T ACERH. i 1 3= A8 Al SR E MR P A S B TR, OB A AT REAETE RO AN B B Chao L f6 4k, 2 T-¥0f i
BP0 22 B AR 3 2 AR AR, BB T ORGSR YR RO DD 35 & LR AE ; Simpson. I ZE PFAL TV T AR B A o A 2 BEPE R AR
Shannon. £36 75 FEIFNF 5 BERIZ SR (2 REVESR AR S8 AR L br - BRI R 3 1 72 R(P<0.05)

Note: ACE index. An indicator that estimates the total number of species in microbial communities based on abundance data, reflecting
the potential upper limit of species present in samples; Chaol index. A classical ecological metric based on species occurrence frequency,
primarily used to assess species richness characteristics of microbial communities; Simpson index. A diversity measure that emphasizes the
distribution of dominant species within a community; Shannon index. A diversity index that incorporates both species richness and evenness;
Difierent superscript letters in the single column indicate significant differences (P<0.05)
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Student’s ¢-test of ACE index

Student’s #-test of Chaol index

Student’s 7-test of PD_whole_tree index
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Fig. 3 Alpha diversity index indicators
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Fig. 4 PCoA analysis diagram of Jaccard and bray curtis matrices
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Fig. 5 Distribution of intestinal microbial communities at the

phylum level in two groups of 4. fasciatus
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Fig. 6 Distribution of intestinal microbial communities at the
genus level in two groups of 4. fasciatus

i R — ML T BE B (General function prediction
only)7E DIFINIZ 1) 5 bE 43 531 24 11.71%F0 11.80%;
R ¥ 12 54X (Amino acid transport and meta-
bolism) 73 51 4 10.08%4110.49%; ) fig A %12 (Func-
tion unknown) 43 7l J97.95%F17.72%; kL # 5
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Fig. 7 Analysis of KEGG metabolic pathway differences in groups
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Fig. 8 COG function classification statistics
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Tab. 4 Results of differential metabolite screening
K 42 Name log,FC P value VIP i T Regulated
Sinalbin 2.968 0.003 1.63 up
dTDP-4-acetamido-4,6-dideoxy-D-galactose 2.824 0.002 1.72 up
dCMP 2.354 0.001 1.72 up
Guanosine diphosphate adenosine 2.236 0.004 1.56 up
Ribavirin monophosphate 2.369 0.003 1.54 up
GDP-4-acetamido-4,6-dideoxy-alpha-D-mannose 2.849 0.006 1.59 up
Valyllysine 4.227 0.001 1.73 up
Isochorismate —2.844 0.001 1.74 down
ALANYL-dI-LEUCINE 2.705 0.003 1.69 up
HSO3- 3.657 0.006 1.60 up
2-Hydroxy-6-o0x0-6-(2-hydroxyphenyl)-hexa-2,4-dienoate 3.107 0.002 1.69 up
5-Amino-6-ribitylamino uracil 3.392 0 1.83 up
coformycin 3.816 0.001 1.74 up
beta-Thujaplicin 3.129 0 1.83 up
4-Hydroxy-5-(3'-hydroxyphenyl)-valericacid-3'-O-sulphate 6.389 0 1.83 up
Hydroxyprolyl-Alanine —4.214 0.001 1.75 down
2-phenylbut-2-enal 46.737 0.006 1.65 up
5-(Hydroxyphenyl)-gamma-valerolactone-O-sulphate 8.357 0.003 1.71 up
4-methylumbelliferone 48.915 0 1.82 up
2-(3-Mercaptopropyl)pentanedioic acid 3.267 0 1.82 up
Indolelactic acid 6.026 0 1.80 up
5'-Phosphoribosylglycinamide -8.123 0.002 1.71 down
6-Carboxy-5, 6, 7, 8-tetrahydropterin 2.375 0 1.77 up
5'-(3', 4-Dihydroxyphenyl)-gamma-valerolactone sulfate 2.246 0.004 1.64 up

4-Methoxy-2, 2'-bipyrrole-5-carbaldehyde -3.047 0.003 1.69 down
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GEka
H:[K 4 Name log,FC P value VIP W FiRegulated
(2S)-5-[Carbamimidoyl (methyl) amino]-2-(methylamino) pentanoic acid 4.239 0 1.77 up
(-)-(E)-1-(4-Hydroxyphenyl)-7-phenyl-6-hepten-3-ol 2.164 0 1.81 up
IPC 20:0;3/26:0;2 —2.487 0.009 1.58 down
5'-amino-5'-deoxyadenosine 4.892 0.001 1.77 up
Dihydrokalafungin 5.036 0.001 1.75 up
4, 21-Dehydrocorynantheine aldehyde —-3.581 0.001 1.72 down
p-Hydroxybenzyldesulphoglucosinolate 2.552 0.001 1.71 up
2-Hydroxy-4-trifluoromethyl benzoic acid 3.150 0.003 1.73 up
geldanamycin 2.982 0.001 1.76 up
Caffeinol —6.694 0.007 1.64 down
8-(2-Hydroxyethyl) theophyline -2.720 0.003 1.72 down
6-Deoxydihydrokalafungin 2.057 0.003 1.65 up
Histidine glutamate 2.479 0.001 1.66 up
Ethofumesate 2.047 0.004 1.59 up
Protoanemonin 47.191 0.002 1.73 up
2'-Deoxyinosine 2.453 0.001 1.74 up
N5-Citryl-D-ornithine 2.808 0.005 1.57 up
3, 4-Dihydro-1H-2-benzopyran-1-one 9.138 0.008 1.60 up
Acetyllysine —6.283 0.005 1.67 down
PA(18:0/18:1(92)) -3.651 0 1.78 down
Plastoquinol-1 -3.180 0 1.69 down
L-2-Amino-3-oxobutanoic acid -3.470 0 1.79 down
N-Hydroxy-L-isoleucine -4.748 0.001 1.76 down
2, 6-Dihydroxy-N-methylmyosmine -2.292 0 1.80 down
Cortol 2.831 0 1.82 up
Aglepristone 2.302 0.009 1.61 up
O-methylserine -2.942 0 1.81 down
Acipimox 2.161 0.010 1.53 up
2', 3'-Cyclic UMP 2.084 0.001 1.68 up
Diglyceride 2.602 0.003 1.65 up
Kaempferol 4.159 0 1.75 up
Guanidylic acid (guanosine monophosphate) 2.002 0.002 1.65 up
Syringic acid —-5.409 0.009 1.58 down
UDP-2-acetamido-4-(D-alanylamino)-2, 4, 6-trideoxy-alpha-D-glucose 3.306 0.007 1.60 up
5-Amino-1-(5-phospho-D-ribosyl) imidazole-4-carboxamide 4.698 0.002 1.76 up
Adenosine 2'-phosphate 2.179 0.002 1.65 up
pyridine 3-aldehyde adenine dinucleotide 2.021 0.001 1.62 up
8-Ox0-dGMP 2.289 0.001 1.69 up
AICAR 2.639 0.004 1.56 up

EHRTHE A E AL ER(SOD). i AL A BF(CAT)
N B BUE A BE J1(T-AOC)IE M F A v 36 R R ik, &
I8 W (MDA) & 85 #t— B EE T T ke
P E I TE H BT AR -
33 BERBEMRBHAFHEE ST ERKREX N
B& R0

RN, Yt E A IE R R R AR

NATGW TS AT JERER T AT, X
5 30k R B I 3 R A R TR R e
ARFe, WAL a2 FEIEIR S B2 FEPESR BT
T 2 2 5, X UL R A I T R AR XL JE
o TE A A 0 22 e A AL RSORT 3 2 SR ) S A DN
BEAN, X5 1R g AT B Bl B A AT T AR 2R
b, G REIR, JUJE FU) s AL K
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Fig. 9 Volcanic map of differential metabolites
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Fig. 11 Canonical mapping analysis results
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CLOSTRIDIUM BUTYRICUM ON HIGH TEMPERATURE TOLERANCE OF
JUVENILE ACROSSOCHEILUS FASCIATUS

JIANG Yan-Ting, ZHAO Shan-Shan, ZHAO Bo, DAI Xiao-Xin, LI Hai-Dong, CHU Zhang-Jie and GAO Yang
(College of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: With global warming increasing the frequency of extreme heat events, Acrossocheilus fasciatus aquaculture
faces significant challenges. This study examined the effects of feed additive Clostridium butyricum on A. fasciatus
under high-temperature stress, aiming to support its cultivation in high-temperature environments. The trial involves
four groups with the bacterium added to regular feed at 0, 5><107, 5><108, and 1x10° CF U/g. After 60d feeding, water
temperature was increased to 32°C at a rate of 1°C/24h, and intestinal tissues were collected to analyze digestive
enzyme activity, metabolomics, and intestinal microbial diversity. Results showed that C. butyricum-supplemented feed
significantly increased weight gain rate and specific growth rate of A. fasciatus while reducing the feed coefficient.
Intestinal antioxidant enzyme activities (e.g., hydrogen peroxide and superoxide dismutase) increased significantly,
with a concurrent decrease in malondialdehyde content. No significant differences exist in intestinal bacterial composi-
tion at phylum level between the two groups, but at the genus level, treatment groups exhibited higher relative abun-
dance of beneficial bacteria, such as Solitrichaceae family, Pseudomonas genus, and Rhodobacter genus, which ensure
the intestinal health of A. fasciatus. Key differential metabolites included nucleotides and their derivatives, as well as
amino acids and their derivatives. Meanwhile, many fatty acid metabolites changed remarkably. The addition of C.
butyricum to feed can enhance fish growth and antioxidant capacity, and help fish cope with heat stress by boosting
purine metabolism and modulating gut microbiota.

Key words: Clostridium  butyricum; High-temperature stress; Antioxidant capacity; Multi-omics analysis;
Acrossocheilus fasciatus
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