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R (One-way ANOVA), Duncan’s ,
P<0.05
1.4 , QIIME Version v.1.9.0
1.4.1 : Alpha , Pythonv2.7
(Weight gain rate, WGR, %)=100x(W—W;)/ Lefse , LDA Score
W, (1) 3.0, P<0.05 Lefse
(Specific growth rate, SGR, %/d)=
100%(InW—In W)/, ) ’
(Feed efficiency, FE, %)=100x(W—W,)/ ’
FC, 3) ’
(Feeding rate, FR, %/d)=100x FC/[(W+ )
Wo)2)t, 4)
(Survival rate, SR, %)=100xN¢/N;,  (5) 21
, W(g) (Final body weight, 1 , , H
FBW), Wy(g) (Initial body FBW WGR SGR FE FR (P<0.05);
weight, IBW), t(d) , FC(g) H+Ast FBW WGR SGR FE
(Feed consumption) ( ), Nt FR H  (P<0.05),
N (P>0.05) H+Ast (P>0.05);
1.4.2 (ACP) SR (P>0.05)
(AKP) , 3(C3) M(IgM) F1 AFRAIRLEEMNEBER L) & B9 E KR
Tab.l1 Growth performance of juvenile American eels in
different treatment groups
H H+Ast4 H+Ast8
143 (H20,) IBW/(g/ ) 24.89+0.05 25.0130.17 24.9930.32 25.01+0.25
(NO) (ASA) FBW/(g/ ) 38.27+3.30° 35.3240.77° 38.78+1.31° 39.45:0.21°
(AHA) WGR/%  59.76+4.03" 43.70+£1.76" 55.20+4.44° 57.74+3 35"
R SGR/(%/d) 0.67+0.07°  0.52+0.02*  0.63+0.04°  0.65+0.01°
1.4.4 -80 °C FE/%  50.61£3.02° 40.30+£2.28" 49.16+1.93" 48.81+2.45"
, 0.86% FR/(%/d)  1.33£0.03° 1.22+0.02" 1.32+0.05" 1.31+0.04°
0.05 g ’ 725 uL4°C  SLX-Mlus SR/% 100 97.78+1.73 100 99.00+1.73
, 5 min, : * )
) . (P<0.05)
DNA Kit (Omega Bio-tek, Norcross, GA, U.S)
DNA ; 2.2
1% DNA, 2 ,H C3  IgM
[llumina H+Ast  (P<0.05); H+Ast8  IgM
Mi Seq 16S rDNA ) (P<0.05), H+Ast4
, QIIME (v1.8.0) (P>0.05) H AKP ACP
, OTU H+Ast  (P<0.05), H+Ast
, Silva Mothur (version (P>0.05)
1.31.2) Alpha 2.3
Shi  (2020) 3 s ,H H,0,
1.5 NO (P<0.05) H+Ast H,0,
NO H (P<0.05), H+Ast
+ (Mean+SD) H,0, NO (P>0.05)
, H ASA AHA

SPSS 25.0

B
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Tab.2 Biochemical parameters in serum of juvenile American eels in different treatment groups

H H+Ast4 H+Ast8
ACP/( /100 mL) 10.75£0.72° 7.98+1.25° 9.95+1.22° 10.39+1.31°
AKP/( /100 mL) 2.79+0.09° 1.860.13" 2.76£0.21° 2.75+0.27°
C3/(mg/L) 978.26+18.89" 495.93+27.28" 884.26+86.09" 1.003.93+89.14°
IgM/(g/L) 1 580.99+29.04° 1241.97+37.39* 1561.19+27.67° 1 653.27+36.40°

%3 TRBEEHETS S HGESEHEAT

Tab.3 The free radical level in the intestine of juvenile American eels in different treatment groups

H H+Ast4 H+Ast8
H,0,/(mmol/g prot) 5.38+0.53" 11.84+0.96" 5.11+1.18° 4.60+0.59°
NO/(umol/g prot) 0.17£0.02° 0.89+0.04° 0.18+0.03" 0.14+0.04°
ASA/(U/g prot) 486.16£9.51° 278.91+12.69* 468.22+1.52° 471.03+11.35°
AHA/(U/g prot) 176.59+11.08° 134.54+6.79° 171.16+13.33° 179.09+12.77°
(P<0.05) H+Ast ASA  AHA 2 ,
H (P<0.05), (P>0.05) (Firmicutes)
2.4 (Proteobacteria) (Fusobacteriota)
1 , , H H+Ast H H+Ast
Chaol observed species PD_ whole tree ; H+Ast
H
chao1 observed_species PD_whole_tree
600 400 40
” 300 30+
W 4001
gl 200 20t
s %
< 2007 ; 100 % 10
r i =
= -
0 1 1 1 1 0 1 | 1 | 1 | 1 |
XBA  HA  H+Astds8 H+Ast84E XYBBRE  HLE  H+Astds8 H+Ast84E XY8B4A  HiE  H+Ast44E H+Ast84a
1 Alpha

Fig.1 The alpha diversity indexes of intestinal bacteria of juvenile American eels in different groups
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Fig.2 Composition of the microflora in the intestine of juvenile American eels in different treatment groups at the phylum level
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3 , (Cetobacterium) (Rhodobacter)
(Bifidobacterium) (Bacteroides) (P<0.05); H+AstS8
(Collinsella) (P<0.05); H (Brevundimonas) (Exiguobacterium)
(Flavobacterium)  hgcl _clade Cohnella (Achromobacter)
(P<0.05); H+Ast4 (Stenotrophomonas) (P<0.05)
Collinselia . REA
_ Bacteroides m HE
Bifidobacterium
hgcl_clade 5 HrAstad
Flavobacterium I [ H+Ast84
Rhodobacter |
Cetobacterium
Stenotrophomonas ]
Achromobacter |
Cohnella ]
Exiguobacterium |
Brevundimonas | . ' ' |
0 1 2 3 4
LDA SCORE (Ig{&)
3 Lefse
Fig.3 The Lefse analysis of intestinal microflora of juvenile American eels in different treatment groups at the genus level
3 )
3.1
3.2
, H WGR SGR
FE ’ ACP AKP .
’ ( ,2020) C3
200~650 mg/kg IeM
( , 2019; , 2019; :
2021) H+Ast WGR SGR  FE ’
H -, ( ,2019; ,2023) JH
ACP AKP IgM C3 s
(Xic et al, ( , 2019; Zhai et al, 2020; , 2021)
2020) (Zhao et al, 2023) @%(Fang et al, 240 mg/kg 480 mg/kg
2021) (Channa argus) (Zhu et al, (Plotosus lineatus) (Liu et al, 2022)
2020) filfi (Takifugu obscurus) H+Ast ACP AKP IgM
(Cheng et al, 2018) R C3 H |, ,
10 mg/kg
( , 2023)
2~4 mg/kg ( , 2016) 100 mg/kg (Zhu et
100 mg/kg ( , 2021) fi g al, 2020) ,
(Rhodeus ocellatus) 150~200 mg/kg (Carassius auratus) 200~ 800 mg/kg
( , 2022) (Wu et al, 2021a)
, (Plectropomus leopardus) 100 g/kg

(Zhu et al, 2022)
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o)) ,

(Guerra et al, 2012)  (2)

T B PBMC ,
B s
(Nakanishi et al, 2015; Ashfaq
et al,2019)
33
(02) (H20,) (‘OH)
(NO) (Lietal, 2021; ,2022) NO H,0,
,'0O, -OH ASA AHA
, ASA ‘0,
, AHA -OH
( ,2019) ,
( ,2021) ,H
H,0, NO , ASA AHA
, 300 mg/kg
SOD CAT
( , 2019; Zhai et al, 2020; , 2021),
H+Ast H,0,
NO H , ASA AHA
H b b
100 mg/kg
( ,2021) (Procambarus
clarkii) 50 mg/kg
( , 2022) ,
2 (D)
(Naguib, 2000; Dose et al,
2016; ,2018) (2) Nrf2

PI3K/Akt i NQO! HO-1
GCLM  GCLC , ,
SOD CAT ,
(Li et al, 2013; ,2022)
3.4

Alpha
, Chaol ;
Observed_species ,
OTU ; PD_whole_tree ,
(Xu et al, 2019) s
, H Chaol
observed species PD_whole_tree ,

, 300~650 mg/kg

( , 2019;
observed_species
H )

,2021) H+Ast

Chaol PD_whole tree

>

, (Brachymystax lenok tsinlingensis)

(Ma et al, 2022), (Penaeus monodon)

(Wang et al, 2021)

(Chen et al, 2021)

(Shin et al, 2015;

(Da et al, 2016)
(Ni et al, 2014; Zhou et
al, 2018) )
(Larsen et al, 2014;
Elsheshtawy et al, 2021) ,
, (Reverter et al,
2017) , , H

300~650 mg/kg
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( ,2021) H , H+Ast , ,
s (Jeyachandran et al,
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( , 2021) ( , 2017) ,
, 4 8 mg/kg ,
4 mg/kg
, 0.025% 662 mg/kg ,
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, , 4 mg/kg
Cohnella ; ) )
: ; 8 mg/kg
hgcl clade ,
Cohnella
5 > R , 2018. 3
, [J]. , 37(3): 414-420.
(Lushchak et al, 2006; Hidalgo-Cantabrana et al, 2017; 2010.
Villasante et al, 2019; Lim et al, 2020; Elsheshtawy ez m 31(10): 47-51.
al,2021; Wu et al, 2021b) . , ., 2021
, 1. , 42(4): 48-52.
, , ., 2022, %
. i . ’ fty 1. , 45024):
(Steimle et al, 2019; Liu et al, 2020; , 2021; 52.56.
Kang et al, 2022; Wang et al, 2022; , 2022) , , 2021.
hgcl clade , 2[3)]22 - 42(9): 1-6.
fiti (Takifugu obscurus) ( ,2021) T D1, "y
) 22, , , 2019. [J1.
H (4): 56-61.
3 lad s s ,2023.
gcl clade > [71. , 46(3): 52-55.
> , 2021.
[D]. 2 5-7.
5 , R , 2020.
’ 1
H+Ast ,33(3): 7-12.
Cohnella , , , 2017.
(7. , 32(5): 509-513.
’ , , , 2021. y
s [J1. , 47(16):
166-172.
5 s s ,2021.
[]. , 42(16): 51-57.
, , 2022.

> s s

] ,

43(8): 98-101.
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, 34(11): 1262-1268.
, , , 2021. fif
[1. , 45(2): 209-220.
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[D]. : : 14-15.
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EFFECTS OF ASTAXANTHIN ON GROWTH PERFORMANCE, SERUM
BIOCHEMISTRY, INTESTINAL FREE RADICAL LEVEL AND INTESTINAL FLORA OF
JUVENILE AMERICAN EEL (ANGUILLA ROSTRATA) UNDER DIETARY HISTAMINE
STRESS

GUO Yi-Tong, JIANG Xing-Long, LIN Mao, ZHAI Shao-Wei

(Engineering Research Center of the Modern Technology for Eel Industry of Ministry of Education, Fisheries College of Jimei University,
Xiamen 361021, China)

Abstract Oxidative stress is one of the major ways in which dietary histamine stress could cause detrimental effects on
fish. It is important to study the alleviation effects of dietary astaxanthin with strong antioxidant capacity on the dietary
histamine stress in juvenile American eels (Anguilla rostrata). Four hundred trial fish in initial body weight of (25.01+£0.17)
g/fish were randomly divided into four treatment groups. They were the control group fed a basal diet, the H group fed a
diet with a high level of histamine (662 mg/kg), the H Ast4 group fed the high histamine diet with 4 mg/kg astaxanthin,
and the H+Ast8 group fed the high histamine diet with 8 mg/kg astaxanthin. Compared with the control group, the growth
performance and non-specific immunity in the serum of juvenile 4. rostrata in the H group were significantly decreased
(P<0.05), the levels of intestinal free radicals in the H group were significantly increased (P<0.05), and the relative
abundances of potentially pathogenic bacteria were increased. The growth performance and non-specific immunity in the
serum of juvenile 4. rostrata in the H Ast groups were significantly higher than those in the H group (P<0.05), and the
levels of intestinal free radicals were significantly lower than those in the H group (£<0.05), no significant difference in
the aforesaid parameters was found between H'Ast groups and the control group (P>0.05). The relative abundances of the
potential probiotics in the H Ast groups were higher than those in the H group and control group. In conclusion, the
addition of 4 mg/kg astaxanthin could alleviate the growth retardation of juvenile A. rostrata induced by dietary histamine
stress, improve serum non-specific immunity, reduce the level of intestinal free radicals, and regulate intestinal microflora
beneficially. Dietary 8 mg/kg astaxanthin might not exert further improvement in all parameters of juvenile 4. rostrata in
the present trial. These results provide certain references for astaxanthin alleviating dietary histamine stress and promote its
application in the feed for A. rostrata.

Key words astaxanthin; histamine; growth performance; serum biochemistry; free radical level; intestinal

flora; Anguilla rostrata



