IKF= 243, 2024, 48(4): 049622

;J(jé‘%jﬁ T

JOURNAL OF FISHERIES OF CHINA ‘

Science Press

@

DOI: 10.11964/jfc.20231214291

H-finlie 2% MR s BrE 1 HAR XS SR SR A 4K 1 REFN
B 2 R AN 51 T S2 0

AL KEW, ERW, H O, FEW,
MW, wmEH, EEXT

(1. ARG K 22 AR dr Bl 2 2B, TR # % 453007;
2. EE I K 2K = B, W # 2 453007)

BE: YT RRFHEBA R AN A AR T IS A KSR @Ry P m, ki
A% EW A (L4 OF0) ik 2t B AR GE N FO) # v oo, BAK TR & &
(0.4%. 0.8% #1 1.2%, Jii &4 %) 8y 4 5 8 4 7 fim A OFO 4145 4 o (4 5|16 & T0.4. TO.8
FT12), WA E N (8.74+0.01) g y & AT H M 10 A KA L%, £REx, §
FO #4148 tt,, OFO Iy A KKE. HEX, FEHKEX A REHEEFRK. LXFrH
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WEoE R W, A AL IR B4R B e B B AE
(Oreochromis niloticus) 12 Ji J5 , FEALHPTE L
KA, W E R 25 R S8 R, TR I RAE
SURIE R AR, KWk, A0%EFREE
FR) B S 0 50 A 2 ik i T3t 48P T s o 1 6 R 1Y
AFIFE M

RARTR (2-F HE CEGAIR) S AT P IR
R B — i LA 1 2 LR AP i AR 2 1 2 A
R, o B IE Y 30%~50%", KF=FRIEBIE
F8 i 1 R iR 8] 1 AU v A B R X UK AR Bl 22 Tl
AR RE R M, B R R g (Monopterus
albus) FBE (Cyprinus carpio) B4 HERESY, 3%
HH T 5 (Clarias gariepinus) B9 3T & AL Fl 42 22 e
S0 RSN EE (Oncorhynchus mykiss) B2 2 15
PEATRE M, BEAL, AR B X 2 M R A
BRI EN . RSB R a4
Bl 192 T LA 4 vy B i O BATREE 19 2R MRS, T 4
T PR T 2R AT S Al i Al X i 2 1 A 0 L R
T TR)AE A FH 09 B TR 52 0, P S #0025 g TR A 1Y
TIREN . AR A i R 75 £ 25 gy 3 i 5y i 1) #F
FABRAEFE AR, ATt — P05 AU LLE
WEL 5, WAERTERE . PriaferEng . TH1LRE
J1. B HLUEE LS E Y H B A B, K5
A B R NS SEL A I J5 ek 4 M e A A K RE AN
B R RS2 oAb, AT 9 IR B A A T R
XTSI G E B T AN A, It —
AT G BRRN f 2E B AR T S it T B

1 MESTHE

1.1 LR

DL Ry R B TR o R R TR
INZE R AR IR HIAE 5 Al R NGk, ARG
FHIE & fmie A 2 R T A RAR, Ak
3 B IE H Ml £ . 2% Long ™ 3R 09 Oy
P A A A . FER X BR AR s 3% 1IE
g, LAY 4 AUERDRE R 43 s A5 i A Ak fa i R
0%. 0.4%. 0.8% Fl 1.2% 4-HifR . % 1 JBmEMAK
M RBHEC T o BRI R IS, 3 60 B, SR
BRI I B S0RA, HK 1.5 mm RiAR
kL, T H AR G PR AFE 20 °C vKFE .

1.2 TZHEBRHEMRE

FAT R A8 A Rk I e S 146 S 36 FH BT
TE TR % A Ml 1 AD R £ 3% 1) WA P R AT 3R AH
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S IEECRHT, PrA SCge o HH R SRR (T
T O A B B DAk 2 JE DL R . 3
225 BHITAIAE Ny (8.74£0.01) g, K/NE— . 1K#%
A mEE, FEPL N S AR, 3t 15
(2.0 mx2.0 mx1.5 m), LKA BE 3 E
52 BERFRTERY 3%~5% 43 3 KA (BEK 7. 30,
11: 30 F117: 30), AR %48 5256 A {4 21 X 4% i
TR, RELk 10 A, FREEIAR], KRR
TN (9.0+1.1) mg/L, /KA 26~28 °C. pH H
74402, WAHFRERVKE/NT 0.1 mg/L. AT &
/NTF 0.2 mg/Lo ARSI AR AT AT pg I 15 K 2 Bl 4 5
Y518 B % By 2 B 4% AL (HNSD—2024BS—0108),
SRTsuN L e YN WRE 31 SN STNEa) TR N <3 (P L
B, IR B g UV K= sh L e PR B &
il R T BE AT

TR LI LE R AR 24 h )5, RIS (MS-
222, 0.02%) FREFSZE 10, 0 SRR A T2 56 106
BORARE, JEREPLIN &I 3 B iRk,
SR G I o3 B SE AR I A AE O g 4 A )
7 (29 1 em) B2 T 4% Z R B, X
EHLIL AT BB IR LR 9 4505
i, FEVK L) e i o B A A I, Sz RD
A TG JCRE 1.5 mL 208 b, A e
7, A7 T80 °C F T 5L I 98k %E & PCR 4347
F LI BENLEE IR 3 B, FJCT S T A
TEVK BB E AR A ZY, FENOBUE N,
RAIHEA L5 mL LW &L EERFT-80°C, H
KA R BE 16S rRNA MY o
1.3 SH&EmaH&E

il 25 S AR Z AT, 4% Long M Hiib 1)
D5 4 Akt . K 400 g 1E Al A 500
mL FEprH, HlAS SRS, 7E 55 °C fHiRKB
Fegenpidt: 5 d. A B )E, b Eg
i 244 [ 2 FRUE (GB/T 5009.37—2003) X 1.1 1
i EAESA TR, O iR R A R S Y R
e 30, Hr et g i o S fE (HOh (2.51£0.11)
meq Oykg, 4 A A AT (175.39+3.83)
meq O,/kg,

1.4 fAREMK SRR

FRAE Mi S50 il 1 7 ik R K 4y . R
. AR DT RO 23 #E A7 R . #E—50 °C F ¥
(ip S N CIE Y (SN SN DB el s O R 1 D = | N AN
A%k (GB/T6432 —2018), &[G B (SX-360,
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®1 KWERBES REFEK

Tab. 1 Experimental group feed formula and nutritional composition %
e e 240 AP PR R R A R R VA K S
Moy normal fish oil group taurine addition levels in oxidized fish oil diets
ingredients FO OFO T0.4 T0.8 T1.2

ik fish meal 20.00 20.00 20.00 20.00 20.00
HEFFAT  cottonseed meal 10.00 10.00 10.00 10.00 10.00
GHl  soybean meal 14.00 14.00 14.00 14.00 14.00
SR rapeseed meal 18.00 18.00 18.00 18.00 18.00
/N wheat meal 20.00 20.00 20.00 20.00 20.00
Bristtayh  fresh fish oil 3.00 0.00 0.00 0.00 0.00
Akt oxidized fish oil 0.00 3.00 3.00 3.00 3.00
R — 545 Ca(H,PO,), 2.50 2.50 2.50 2.50 2.50
Yt KR AW vitamins mix” 0.07 0.07 0.07 0.07 0.07
TR AY)  minerals mix” 0.10 0.10 0.10 0.10 0.10
R lysine 0.50 0.50 0.50 0.50 0.50
WERET4ER  microcrystalline cellulose 11.83 11.83 11.43 11.03 10.63
ISR taurine 0.00 0.00 0.40 0.80 1.20
it total 100.00 100.00 100.00 100.00 100.00
EFYIBR proximate composition

HEFA  crude protein 38.89 38.57 38.42 38.72 38.10
HEIG  crude lipid 8.50 8.65 8.94 8.88 8.74
HK4>  crude ash 9.30 9.32 9.13 9.29 9.16
/K4>  moisture 8.57 8.86 8.93 8.64 8.97

e DET 4R RTURK P& A W EEE 1 980 mg, R5ILREIRE660 me, A FMI30 000 mg, FZEHR 9 000 mg, BiflkZ 1800 mg, 1%#H 2 880
mg, L-PUIAIMLER 20 000 mg, MEASZE 18 000 mg, %l 20 mg, ™R3 000 mg, EH)FE60 mg, JHER42 000 mg, D-ZFF518 000 mg, WAL
24 000 mg. 2)&T 5 ¥ WRE P& 8520 000 mg, %32 000 mg, %540 000 mg, #7112 000 mg, 800 mg, fifi 400 mg.

Notes: 1) Each kilogram of vitamin premix contains retinol 1 980 mg, cholecalciferol 660 mg, tocopherol 30,000 mg, menadione 9,000 mg, thiamine
1,800 mg, riboflavin 2,880 mg, L-ascorbic acid 20,000 mg, pyridoxine 18,000 mg, cobalamin 20 mg, folate acid 3 000 mg, biotin 60 mg, niacin 42 000
mg, D-calcium pantothenate 18 000 mg, inositol 24 000 mg. 2) Each kilogram of mineral premix contain 20,000 mg of iron, 32,000 mg of zinc, 40,000
mg of manganese, 12,000 mg of copper, 800 mg of iodine, and 400 mg of selenium.

OPSIS, Fi Hi) 1 550 °C Ty #f b 48 58 ¥ (GB/T
212—2008) il & fap ek ot A 1 L ML 7 AR R
I

1.5 AEKMEEEXERNITE

iz B8R B 2O A KA REAR SR R i A T3
R (WGR, %)= (W~W)/Wy<100%
A% (GR, %)= N/Nyx100%
FiE R K F (SGR, %/d)=(InW~InW,)/tx100%
TRICR (FE, %)= (W~W)/Fx100%
HEHH6E (CF, g/em®)= W,/L*x100
K, wy B w, Sl ORI R AR IR (g),
Ny Fl N, 53 AR R A s S 56 £0 FN AR 52 50 £ 2 4K
t RFFESEAI (d), FoARRE R (g), L K (em),

1.6 B HELEE N E

i T8 40 ) SR E (total protein, TP, %5
A045-4-2), [ B (trypsin, %5 A080-2-1),

R E K7 2: 2 E /) sponsored by China Society of Fisheries

JE R A (amylase, AMS, %25 C016-1-1) F1Jig [
M (lipase, LPS, 75 C016-1-1) 34115 ] 5 52 2 i
A TREOF ST T (AR50, 4 R I A i 1 15
FEAG

1.7 BREHELRRSH ST

AT W B i 1 4US , H PBS MR
Uk 3, FARTRIVREE Y OB OB b K, H
THIORE WA T IR S e R S
T YA ML (ZEISS, 1) K £ b 4121
YO ZE U 5 pm ¥R 5, IR ARKE P2 gL (a4
M&E EFEFE, o) #fT e, RAMALER
4% (Carl Zeiss Micro GmbH, 4 &) X} Y] A #E47
S FIHAIE, H ZEN 2 lite /00 & i 28 B
Wi 2% & 9 FE FILZ BB

1.8 SERTUCHE = PCR (qRT-PCR)

FE & B B RNA ] trizol 3% 7 (TaKaRa, H 7A%)
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UG, 43 4 6% B i (Nano Drop 2 000C)
1 1% Byt JIR AT JC HhL K R ) RINAL 14 ¥ 88 R o 2
{i#i | PrimeScript™ RT Reagent &7 & (TaKaRa, H
A% 2B Jk P 2H DNA Jf Je % 5% . H] LightCycler
480 {X #% (Roche, Hi 1) M % 7 A5 5 A ) mRNA
Rk, MAKRZ K 5 uL 2xChamQ Universal

Fz2 EBROkE

SYBR gqPCR Master Mix (i ME#E, o), 0.3 uL
IE S 0.3 pL a1 514, 0.1 pL cDNA £ AR
M43 L WK, P IEFEFH: 95°C T 3 min,
95°C T~ 30s, T 401K, LL 18S rRNA (18S) 1k
KNS, BARSIYFEINEE 2 Fis .

= PCR 5|¥1F%1

Tab.2 The primers of qRT-PCR

FER 28 FEFI(5" -3") B KR/ °C HL R 1 BRI bp B[R i
genes sequence (5'-3") annealing temperature gene fragment size accession no.
sod F: GTCCGCACTTCAACCCTCAT 60.32 169 XM _019111527.2
R: ATGGTCCTCCCAATGACCGA 60.62

cat F: TTCCTGTGGGACGCCTTGT 61.45 170 XM _042715094.1
R: TCCGAGCCGATGCCTATGT 60.83

apx F: AACCAGTTCGGACATCA 52.55 204 MZ562974.1
R: ATCACCCATCAAGGACA 51.68

gar F: TGGCTGGTATCCTTTCC 52.65 213 XM 042770144.1
R: TGTCGTCAGGGTCTTTT 52.47

keapl F: CAGTGGGCGAGAAGTGT 56.36 112 JX470752.1
R: TTTGATGGCTCCAGGTT 52.76

nrf2 F: ACGACAAATGCCGAAGT 54.21 115 MW838201.1
R: CTGCCTCATCTAGTGGAAA 53.81

18S F: GAGACTCCGGCTTGCTAAAT 57.68 107 XR_006156358.1
R: CAGACCTGTTATTGCTCCATCT 57.85

1.9 FZIEFEEE 16S rRNA NF

X B ] i 3 N A WIRE AR HEAT 16S rRNA P
FEorar, i AR IR AR A BB B A FR
PSEIAT . B R A TR O S, 4% index
F1 Barcode i 17 3C FE FIAE AR 43, IF £ & bar-
code J¥41l, it QIIME2 dada2 4 i R it 17 )7
5] OTU R 2, K H QIME2 [ classify-sklearn 5
TR BT (https://github.com/QIIME2/q2-
feature-classifier), f#i F QIIME2 (2019.4) %k, Xt
KAV 19 OUT 2 48 i 47 i - b B, 0 By 1w ¥
alpha Z F£ ¥ (Chaol index. Observed species.
Shannon index Al Simpson index). #3514 F 53>
REERMISE R, Gt A REARTE T TR FE K
FH A S . B 8 R 15 Al pheatmap #X{F
0, HAEFEHEATT 15 1925 5 W )R HIAVEYFP 2 R
A,

110 HFEHH

FH SPSS 23.0 % {4 (IBM, 3% &) X 52 35 5 4
PEAT PRSI REA ¢ K2 5043 M7 (students' #-test), 253 H
SEH{EEAR DR (meantSE) &7~ . F GraphPad 6.02
¥ 4F (GraphPad Software Inc., E[E) #HfTEIE R,
OFO #1 5 FO H iyl 37 J7 2% ¢ K g 4 R H B 5 <>

https://www.china-fishery.cn

8, T0.4, TO.8 Fl T1.2 415 OFO 4 i) h 7 )5
Z R RIS kR . BEEAKEE R
P<0.05, FH«mi & #Rom . W E KRN
P<0.01, Fers ai s H£mx .,

2 4

20 Hige

HHEEF FO 41, OFO 4/ FBW, WGR, SGR
F FE ¥ W 2 B& X (P<0.05). Xf [k OFO 41, T0.4
ZHA TO.8 1P [ iRFE bRy 15 2 & (P<0.05),
T1.2 2119 FE 1 FBW L . 3% - 7+ (P<0.05), #41
ZIa]1#% SGR HI CF WA % 22 5 (P>0.05) (3% 3).

22 JEMNEXEFERIAKTE

At IR G L I 0.8% 4 B T 5
FimmEHL D gpx 1 gr mRNA KKK (P<
0.05), T IHEIE Fhv it S04k X e PR 4 1A 2% B 7
HIEwamAraL, SeamiE T T gr mRNA
{32 ik (P<0.05). 5% Mk b 4L L, % 3 Fi
AN TA) e B Y 2 B R 4 10 % 18 gr mRNA 1 3R3A
(P<0.05), #SALERAL A, T0.4 4L HFBEAE sod Fl gpx
mRNA FhK R, BE 5 T OF0 41 (P<0.05).
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R3 BEWARMEEE KR

Tab.3 Growth performance of C. carpio in all experimental groups

Bt 4L A fr PR A R VR /K

}[ﬁ H normal fish oil group taurine addition levels in oxidized fish oil diets

tems FO OFO T0.4 T0.8 T1.2
YIlEAE/E 1BW 8.75+0.03 8.72+0.05 8.78+0.03 8.71£0.01 8.77+0.02
KRR E/g FBW 91.35+1.92 84.44+0.55" 88.91+0.85" 87.59+0.33" 87.28+0.85"
1EiE%/% SGR 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00
W% WGR 944.36+24.51 868.19+1.46" 913.28+12.14" 905.59+5.16" 895.69+11.55
KR /(d/%) SGR 3.35+0.03 3.24+0.01° 3.31+0.02* 3.30£0.01* 3.28+0.02
TR/ % FE 79.82+1.88 73.17+0.49" 77.44+0.64" 76.22+0.33" 75.86+0.84"
HES#E /(g/em®)  CF 2.68+0.05 2.52+0.02 2.85+0.20 2.81+0.19 2.53+0.03

il b IR ROFOUL 5 FOUL 2 18 1B 35 2 5 (P<0.05) 5% 5. 35 22 57 (P<0.01), “#”Fl“## 5 ALK T0.4. TO.85KT1.241 50FO4 2 [ H

535 75 7 (P<0.05) Bl 2 3 25 5:(P<0.01), R,

Notes: “*” and “**” represent significant differences (P<0.05) or extremely significant differences (P<0.01) between OFO group and FO group,
respectively. “#” and “##” represent significant (P<0.05) or extremely significant differences (P<0.01) between T0.4, T0.8 or T1.2 groups and OFO

group, respectively; the same below.

25 = FO = OFO = T0.4 = T0.8 == T1.2

2.0
1.5
1.0
0.5

0

i)

AHX R
relative expression

sod cat  gpx gr nrf2  keapl
HE[R A R
gene name
(a)
g 30 = FO = OFO = T0.4 = T0.8 == T1.2
I 2 2.5
& & 2.0
Ky L5
T e L0
Z2Z 0.5
T) 0 A A
= sod cat  gpx gr nrf2  keapl
e IR
gene name
(b)

1 BLARMEERIE (a) FIFFRAE b) IAEK
HEXEREREE
Fig. 1 Relative expression levels of antioxidant-related
genes in the intestinal (a) and hepatopancreas (b) of

C. carpio in every group

FAN, FFEE keapl mRNA ik /K78 T0.8 41 Al
T1.2 41 B F KT HAE OFO 4 iy kK (P<
0.05) (& 1),

2.3 FAEIHEEIEME

OFO 21 v (¥ i I il 11 V& A9 163 05 2 43 1 fmb 35
(P<0.05) FIHl B2 (P<0.01) KT FO 4, #ilA% L
FIRBRAR T HT R T L RE J) . AH LT OFO 41,
JiEs Js T 9% T E AR 0 A B R S BB W R (P<
0.01), JHEE IS PEAE T0.8 48R & /K, I
e .2 75 T OFO 41 (P<0.01) (% 4).

24 MEHLARS

TaRE A I SR F IR T B 4L 2L A 1Y
SEAEME, #M TR AR R T % A SR TL i o A 412
SER IR (B, M HF FO 41, OFO & %R
T s Em . 5% E UL R
(P<0.05), [z, #FEAWERRIG F bR R,
o, W 1.2% AR T I 2 5 0 AR R s R A
Fi B (P<0.05), TN 0.8% - AR ml 2 1 b g
WUZEBE (P<0.05) (4 5).

R4 BLWARATERGEHLEREN

Tab. 4 Intestinal digestive enzyme activities of C. carpio in every group

3 IEH il 4L AL IR DRL AR TR MK T/ %
TH normal fish oil group taurine addition levels in oxidized fish oil diets
ttems FO OFO T0.4 T0.8 T1.2
G i §/(U/mg prot)  lipase 11.50+0.40 10.24+0.43" 12.66+0.52% 12.19+0.42* 12.84+0.68"
YERIEE/(U/mg prot)  amylase 14.35+0.68 10.55+0.60™ 13.81£1.52 12.00+1.20 11.43+1.90
JiR 2 FIf/(10° U/mg prot)  trypsin 48.02+11.21 52.96+10.03 52.60+8.43 100.10+7.78™ 65.37+7.78
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EhR &SRR BALE LR E
1~5 73 483 FO. OFO. T0.4. TO.8 1 T1.2 #H; A 1 B 4 B E LT & AL 5 .

Plate Midgut tissue morphological structure of C. carpio in every group

1-5 respectively represent FO, OFO, T0.4, T0.8 and T1.2 groups; A and B represent intestinal villus height and muscular thickness, respectively.

2.5 MAEER

FO. OFO. T0.4. T0.8 fl T1.2 41 OTU %( H
Sk 8 647, 6285, 5668, 7995, 65474, H:
A OTU S H Jy 314 4>, & HAUA R OTU
BOH 229k 8333, 5971, 5354, 7681 Fil 6 233
A (B 2)0 40 B 5 T 84 T8 1 BF o-22 FEVE TR SR
B, OFO 4l Observed species $5 2 11 Simpson 5
BB AL T FO 4H (P<0.05), Shannon 85k i %
X T FO 4 (P<0.01). #H L T OFO#4, Shan-
non F5 44 7E T0.8 2H ik 44 = (P<0.05), Chaol #
HTE TO.8 411 T1.2 4134 b 48 5 (P<0.05). #h3E
b i R J5 Observed species #8 (¥ & T OFO 41
(P>0.05) (& 3).

BT 1) B 3 S TR T TR 1 R R R
1] (Firmicutes) . ZZJE B[] (Proteobacteria) . {4k

1] (Actinobacteria) FI4UFTF I ] (Bacteroidetes) 2
B (Bl 4-a), SIEH @M, Ak fimd)ERE
F T (M 60.98% T [ %] 20.18%). ML HE T (M
11.06% FFEE] 5.56%) . BUAFETT (10.00% T %3]
4.10%) 1Y AR X F B W AR, AR IE R TT (A
8.58% LTI 57.13%) BUAHXTFE B# FTh. 1EE
KL, K MEIE (Aeromonas) Fl 3 1R T J&
(Lactobacillus) - e 1) )& (] 4-b).

Ry T k20 A [ Ak B2 (8] 1) ) A 4l 2
St GiE R FEEEHEAET 15 092 S50 E I HIE T A
XF AR (K 5). 4R R, OFO A RFFH
J& (Fusobacterium). S HME)E . HRHE (Clostri-
dium) . 3 KFFE & (Mycobacterium), BT &
(Acinetobacter). *{AFFH & (Bacillu) W FIXT = B
LLFO 4, MFLIREE . R EE (4llobacu-

x5 EXWARAEBAESE. REMIEEE

Tab.5  Intestinal villus height, intestinal villus width and muscle thickness of C. carpio in all experimental groups pm
IEH i S L b B R o 2 B ER VR N KT/ %
TiH normal fish oil group taurine addition levels in oxidized fish oil diets
it
rems FO T0.4 T0.8 T1.2

REREZ  villus height
KETEE  villus width
AUZJEE  muscular thickness

1264.93+23.93
269.73+20.81
195.63+3.41

1094.33+51.28"
202.35+11.06"
134.76+13.61°

1143.11+£71.00 1193.78+86.87 1281.89+39.84"

252.44+25.74 254.39+19.20 278.50+5.71"

170.62439.71 210.08+16.27° 142.71+13.28
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Fig. 3 Alpha-diversity of intestinal microbiota in C. carpio
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Taurine alleviated the negative effects of lipid oxidation diet on
growth performance and intestinal health of
Yellow River carp (Cyprinus carpio)

LIUDan', MiIJali>, WANGJunli', YAN Xiao’, QIN Chaobin?,
YANG Liping >, XU Xinxin®  NIE Guoxing **
(1. College of Life Sciences, Henan Normal University, Xinxiang 453007, China;
2. College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: Lipid oxidation is prevalent in fish feed, which reduces the nutritional value of fish feed and damages
the health of aquatic animals. Taurine has been extensively studied as a feed additive to promote fish growth and
antioxidant capacity, but its effects on intestinal health need further research. To investigate the effects of taurine
on the growth performance and intestinal health of the Yellow River carp (Cyprinus carpio) fed with a lipid-oxid-
ized diet, a total of 225 C. carpio with similar weight at about 8.74 g were randomly divided into five groups: FO,
OFO, T0.4, T0.8, and T1.2, respectively. A 10-week feeding trial was performed. The results showed that taurine
supplementation alleviated the growth inhibition caused by the OFO diet on C. carpio, mainly by improving final
body weight (FBW), weight gain rate (WGR), specific growth rate (SGR), and feed efficiency (FE). The oxidized
lipid diet inhibited n7f2 mRNA expression in the hepatopancreas and intestine and promoted the mRNA levels of
keapl in the intestine. Appropriate taurine addition can inhibit the decrease of nrf2 mRNA levels and increase of
keapl mRNA levels induced by the OFO diet. Taurine also increased mRNA levels of antioxidation-related genes
(gr, gpx and sod). For example, supplementation of 0.8 g/kg taurine significantly increased intestinal gr, gpx, and
sod expression levels. In addition, taurine mitigated the decreased intestinal digestive enzyme activity (lipase,
amylase, and trypsin), villus height, villus width, and muscular thickness of the oxidized lipid diet. Moreover, taur-
ine restored the decreased alpha-diversity index (Chaol, observed species, Shannon, and Simpson index) of intest-
inal flora induced by the oxidized lipid diet. Furthermore, supplementation of 0.8% taurine reversed intestinal flora
disturbance caused by the oxidized lipid diet, mainly by reducing the abundance of pathogenic bacteria
(Aeromonasd and Acinetobacter, etc.) and increasing the abundance of beneficial bacteria (Lactobacillus, Cetobac-
terium, and Prevotella, etc.). In conclusion, taurine mitigated the negative effects of lipid oxidized diet on the
growth performance and intestinal health of C. carpio, and the recommended supplemental level of taurine in the
oxidized lipid diet was 0.4%—0.8%. This study lays a theoretical foundation for further exploring the biological
function of taurine in fish intestines.
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