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WE: YHRDHER T EEE K. AMEIEFRFEAEN T W, ZRERAY
ek E Y K 755 g E 8 450 B, BEAL A 5 4, B xtBR 4 (control 4). & ¥ 4 (HG
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(MDA) 4 &7 &, LAt A8 (CAT). # & 14 5 k.8 (SOD) 7& % fn K & b 4 (T-
AOC) Bk, MALXV BB T REX W AT T S EEARIE T A BEEFILA F a2
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DR R EAR T . e g P R Bk B B (AKP). BR 14 8% B B (ACP). A B
(LZM) &M fr g & & (Alb) & & 7 4h, Do o LUK & H & 0842 0 3 6k o BRI Ao i 3
nf-xb. -1 F0 tnf-o B mRNA 8 Riko #FR KW, DB T &M & 8RR R At
R A RIERAG, F Rt Em s A K, WRARANGE I ERE L. FERTARER,
TR PRV A E N 0.5%.
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PUAALRE I AL 22 . PO IR ANBE TR T i A1
fig

O, X AR MR A AT 2 A S AR R
ALA KM,

YOl (Hippophae rhamnoides) VF R — 25 £ [
AR 2 ok, REWA AT v R
FE AR, 7 VD o A T AR 8 HE R 99% LA
BV Wb EAE AR, 4ER . Bl AL
TR 2 B TR A5 22 PO N AR £ 19 D) B 3 2 i 43 A
BRWG, BAMBEEN R REmeS HMME, =
Ao s, FiRiE, WHEAA
b, B . brk . WhaResE . BRRMAIESSE £
Fhhfet™, W aRM, RREUD BRI REfe 3 i/
FUBLULZR A (C2C12 i) NP A AL BT 1, Wb
N (MDA) #9774, 2 HyO, 755 10 40 i 4
e A, VR B e DL S92 g B A
WAEIR Z AT Hh g4 S, U0 Dorhoi 46" FAF5Y
KB, VPRRTTH m A Y A EAAE  AE YRe, iF
M SRR e J1 . HEH Vb e i 24 m R
BAFR /N B (Mus musculus) 1§81 50520 9 (7 7 05

TIRE, AEk /N SR MR G R Sk D AR M e A
HET B /N 1 B S e PERE

KT A R Z L& & sh A/ oA
WEFEXT %, 1K shih b se e . Wik, A4Sk
5630 Ao 7 i WE AR B A [ KPR b s, 4R
FEHR BT A | PR AL RE T AR R S 1k S g
ASEEL, LA SOY ke s v v M 2 ] A 7
KB ASFUTEME O v oRs £ B 0T 5 45 Ak P Y
JO7FH B A BEA S SR ARL 22 A0

1 MRS A

1.1 ARENSERS

PLAR A KRR AR BB E A, il
FENGWTIER, /Ny R E K Ty B R AR 5 Fh
SRR AR . e o FR A AR TE R
N 27%, EFEAL R T RIR B R 43%,
TE BB R P IR 0.1% . 0.3% 1 0.5% Yk (04
LA MAEY R PR 7))o ELAARRHEC 5 an e 1

®1 IREANESMERERKS

Tab.1 Formulation and proximate composition of the experimental diets

17 groups

Ho/%

ingredients control HG G-LSP G-MSP G-HSP
£t fish meal 30 30 30 30 30
FTKEFHR  com gluten meal 21 21 21 21 21
NFEHE wheat flour 12 12 12 12 12
TKUEH  corn starch 15 31 31 31 31
i fish oil 2 2 2 2 2
R 4% Ca(H,POy), 15 1.5 1.5 1.5 1.5
YL RR AW vitamin premix” 0.08 0.08 0.08 0.08 0.08
TR A mineral premix” 0.11 0.11 0.11 0.11 0.11
SALNESE  choline chloride 0.2 0.2 0.2 0.2 0.2
RFILETYEZEM  carboxy methyl cellulose 1 1 1 1 1
R EAT4EZ  cellulose microcrystalline 17.11 1.11 1.01 0.81 0.61
VLAY sea buckthorn powder 0 0 0.1 0.3 0.5
EIEWF/%  proximate composition
TH5 dry matter 90.8 90.6 90.8 90.7 90.7
MEA  crude protein 38.9 39.1 39.4 39.1 39.0
FNEWT  crude lipid 6.4 6.3 6.8 6.8 6.4
K4 ash 7.3 7.3 7.3 7.4 7.4

W D) T YA E TR R AT 4E4 2 A 2 000 000~6 000 000 TU,  4EAE 2D 1 000 000~2 000 000 TU, 4E4EZEE 9 000~30 000 mg, 44 KK,
2700~9 000 mg, #E‘E#B, 550~1 800 mg, 4L #B, 860~2 880 mg, #EAEFB, 5 500~18 000 mg, 44 B, 10~20 mg, HHEENZ10 000~42 000
mg, ME900~3 000 mg, 2455 500~18 000 mg, ‘E#)F20~60 mg, 4i/EZKC 6 000~20 000 mg, JJLFE7 200~24 000 mg. 2) FT Foh ™ ) i
BEH 54 Cu 3 000~12 000 mg, Fe 5 000~20 000 mg, Zn 8 000~32 000 mg, Mn 10 000~40 000 mg, 1200~800 mg, Se 100~400 mg.

Notes: 1) per kilogram of vitamin premix contains VA2 000 000-6 000 000 IU, VD5 1 000 000-2 000 000 IU, VE 9 000-30 000 mg, VK5 2 700-9 000
mg, VB, 550-1 800 mg, VB, 860-2 880 mg, VB¢ 5 500-18 000 mg, VB, 10-20 mg, nicotinamide 10 000-42 000 mg, folic acid 900-3 000 mg, calcium
pantothenate 5 500-18 000 mg, biotin 20-60 mg, VC 6 000-20 000 mg, inositol 7 200-24 000 mg. 2) per kilogram of mineral premix contain Cu 3 000-12 000
mg, Fe 5 000-20 000 mg, Zn 8 000-32 000 mg, Mn 10 000-40 000 mg, I 200-800 mg, Se 100-400 mg.
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Fis o A R REHLES BIr A faDRHECRE R R IR, 3 40
H i R, R 2 2R 21 19 05 AR OB IR 21
SRIG IMA B FUKIRSY, M ARLE AR 1.5 mm
FIRURCIRTERL . RRE TR, T =20 °C VKA R AT
#H

12 SHREBLEHERRE

S0 F AT RS A BT £ T IS HEK P SR A B AL
TR FR A FE M AT 57 . B E ) 7.55 g 1Y
T 450 &, FEHLAECE] 15 AR 2.0 m x
2.0mx 1.5 m FRFEMFET, BAMAH 30 Bk,
GRS ASARERYL, HAACERA 3 AEE, SR
W AERITIA 2 B, Al P IR R 35 2 8. T
J&AI 10 JE R FRAE S, fEREH 8. 30, 12: 30
Fr16: 30 MM, LIAREE R 3% b [ i #iE 2,
B AN 2B 0 HEAT — PR, AR AR R 1k
Bl . FEFRPA LI N, fRAIE 24 h R4,
KA A S B =55 mg/L, KiR 26 °C~28 °C,
pH {H 7.3~7.8, JGMEEMFR H ARG IR . ARBES
FRAG T I0] i IS R 2 S 5 By ) 4 B RN AR P
254 M (HNSD-2023-BS-0926), 52 %6 5o 7% v 452
FEN A% T SF S0 Sh AR BRI, 4 T
USRS D1 2 i 1R T T B BRAT o

TR S EE R, SCE L 24 h JREURE . 42
THEAS AL A S50 0 R T . R b PR Bl BL
I8 B, S REIKIN, B0 )5 4 s g
FEA, =80 °C fRAFLAEAT BTG M3 BT o FE VK L ff
) TR A IR . A . A IE RIS,
PAFF 1.5 mL GRS EP &, W EE %),
F—80 °C 547 LAHEAT RNA BRI IEPE 347 o [
i, AL FERENLEEL 8 FEfh, HUTF AT 4140
AL 4% 225 A 2 [ W EP A5 P HF
HLILEF T
1.3 EKMEEEXERNITE

AR REA AR PRI TR A K

B H AR (WGR, Yo)=(Z A A H —4) 1 1A 2 )/
LRKTE x 100%

AE# BE (CF, glem’ )=&K R E /ALK x 100

FE 4 K% (SGR, %/d)=[(In ZX K& —In ¥)
YRR EL)/SE 0 K HL ] > 100%

TR (FE,  Yo)=(4 AR B~ 4 14 50 )/ 5%
E x 100%

JUE A4 F % (VS %)=P JIE 1] i /2 R AR <

R E K722 4 /8 sponsored by China Society of Fisheries

100%
JF A48 B0 (HSI, %)= JB F & /& R & & x
100%

14 HMENERMREIRRANE

0355 R A 4 b IR (GSH) . 3 AR A
(H,0,) Fl MDA & &, AN 2 (GPT). 5L
AW (GOT). A bW B ki (SOD). it A ik
2l (CAT). A MEH kit ALY (GSH-Px) 11
PEFN S BLEALFE T (T-AOC) Z: M B 5t s A= T
RO FE IR G e 5 A7 o

Mm% . MEREFRAIE h A& (Alb) & &, %
W i (LZM). Bl 1 9% R B (AKP) Fl 2 P 85 IR il
(ACP) I3 1 R FH B o 2 1 2B ) TR AF 5 T 1) 3k
F & AT AE
1.5 SRR E = PCR(QRT-PCR)

i F§ RNAiso Plus(TaKaRa, K i%) #& U B
IE . WU . DGR R RS 38 P RNAL T $2 B
RNA ffi H TaKaRa PrimeScript RT
Kit(TaKaRa, Ki%) il &# 175 5%, UL cDNA
AR . 18S rRNA HEI RN Z: . DEE & PCR X
N AR Z . 5 pl SYBR” Premix Ex TagTM(TaKaRa,
Ki#), 0.3 pL IEM 514 (10 pmol/L), 0.3 pL JZ [
51#) (10 pmol/L), 1 pL cDNA ik, 3.4 L T
Ko PR 95°C30s, 95°C5s; 60°C20s,
I 40 NMEIR . FOLE R PCREIWHA T AY T
(Rl ) IRITAERA R G, 19Fs k2,
FER AR ek R A 2702 ik bt

1.6 (AARSFESH

W5 I T I 2 20 HE 4% 22 38 PR 20 20 [ 5 T
[ 24 h 5, HIZRIBK R 2L, SR )5 F
Y LVRE S TE 5y B LTV OR — R 2R K .
FHEHL, BEAE A R ERAE A . (P A AL
AHEATYI R (6 pm), FFASYI £ 40 °C M1 J5 H
IIAKE AL (HLE) AT e e, Hla Ul 7 A6k
2 BT T T M S
1.7 BES RS

S6 B0 48 F SPSS 26.0 B4 kAT BN R
22387 Al Duncan K £ B LK, L1 P<0.05
R 2 [R) 22 53 3 . S A 1 R - 25 (e
FREIRAE TR

reagent
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K fi, %
*2 ZREEE PCREIYMFT
Tab.2 The primers of qRT-PCR
HEDR 44 AR JFH(5" -3 B K o
genes sequence (5'-3") accession no.

nrf2 F:ACGACAAATGCCGAAGT JX462955.1
R:CTGCCTCATCTAGTGGAAA

keapl F:CAGTGGGCGAGAAGTGT JX470752.1
R:TTTGATGGCTCCAGGTT

cat F:TTCCTGTGGGACGCCTTGT JF411604.1
R:TCCGAGCCGATGCCTATGT

sod F:CGCACTTCAACCCTCAT XM_019111527.2
R:CATTGCCTCCTTTACCC

gr F:TGGCTGGTATCCTTTCC XM_042770144.1
R:TGTCGTCAGGGTCTTTT

gapx F:AACCAGTTCGGACATCA GQ376155.1

R:ATCACCCATCAAGGACA
nf-xb F:AATGTGGTGCGTCTGTGCTT XM_019094112.1
R:TGTTGTCATAGATGGGGTTGGA
il-18 F:GAATGACAGCCTCCTCTTCTTC XM_019080073.1
R:CCACCTTCTCCCAATCATCAA
tnf-a F:CAGAAACCCTGGACTGGAAA  XM_019088899.1
R:CCTGGCTGTAGACGAAGTAAAT
il-10 F:CGCCAGCATAAAGAACTCGT XM_042766262.1
R:TGCCAAATACTGCTCGATGT
tgf-p F:GCTACCTGGAATCACGCTTTA  XM_019072371.1
R:CTTGCTCTGCCTCACTTCTC
lyz F:GTGTCTGATGTGGCTGTGCT XM_019104788.1
R:TTCCCCAGGTATCCCATGAT
zo-1 F:AGGAAGTTCTCCCTCGTACTC  KY290394
R:CCTCTGTTGTGGTTGAGTGTAG
occludin  F:ATGTTGTCCTTCCCGTGATAAG KF975606
R:TCCGTAAGAACCTCCGTAAGA
18S rRNA F:GAGACTCCGGCTTGCTAAAT FJ710826.1

R:CAGACCTGTTATTGCTCCATCT

2 HiR

2.1 PR XS S PR A RMA R T E R AR A 4K R
oA

o B L BT A R AR R A K
REX AL T % 2257 (P>0.05, £ 3). W&
Tk b R VA A R G0, TR ) SR AR
Bt R E A KRR N, G-HSP 21 B ] fil
MIAAREE | 1 ORI A 3R i v X IR
UL SR DR AR I VD s e 2 ik ST R A

https://www.china-fishery.cn

22 OEBRMN S PEERER T RIS E e
A

A3 HT BT AR Th BT R AR R I, SRR
AR HE, v b 2 R A IV GPT RS T
GSH-Px. SOD Fl T-AOC fif I P F% it (P>0.05),
MDA & & B35 THE (P<0.05), 168w Biia kL B8
S ECE A E AR . SR BEALA L, G-
MSP 2 fil G-HSP 4 & ] i fiL 75 GPT i 14 FEAIC,
MDA & 8 /b (P<0.05), G-HSP 41 % J] # [fi 3§
GSH-Px. CAT. SOD #l T-AOC Jif i 1 i 35 #2 &5
(P<0.05)(3 4).

3 b B Tl T I b b e R R B, X
WAL, AL IF IR H,0, il MDA 5 234 Jin
(P<0.05), GOT M I P 7+ = (P<0.05), SOD #il T-
AOC [l i P B AR (P>0.05), S EMidiaLIt, G-
MSP 21 i 5 Ik oF GOT 1 1 & 3% PR A%, H,0, I
MDA i F /b (P<0.05), G-HSP 2H % ] i fiT
JEEME T CAT. SOD HI T-AOC Hi P i & T 5 (P<
0.05)(F 1)

2.3 DB S PR R AR R T W 2 E L AE
KERFEHF M

3 BT T S B B SR A DG S R ek
KB, SXFRRAIA L, R A T a2
Hl sod mRNA ) 35 (P<0.05), 5 & W2 40 1L,
0.5% V0 Ji K5 5. 2 AR keap]l mRNA 1Y 235 K,
0.3% Y0 IR .3 THET nrf2 mRNA 1 ik K (P<
0.05), 5 E AL, G-HSP 4 cat. sod Fl gpx
mRNA [/ & 15 & B & 0 (P<0.05). 45 41H] gr
mRNA [ 357K 200 i 35 2 57 (P>0.05)(& 2).

Sy M e R T R AR G IE R A B &
B, SXTHRAME, S keapl mRNA )ik
KT, nrf2. cat. gpx Fl gr mRNA [ 3k 7K
- [EAR (P>0.05), M EL T XT BB, b4 sod
mRNA [ 35 it i 3 PR R (P<0.05). 5 = bE414H
b, 0.3% F1 0.5% U0 A 23 B AR keapl mRNA )
ik, ¥EE nrf2. cat Ml sod mRNA A (P<
0.05). 0.3% V0 #} $2 7 gpx Al gr mRNA fi) % 1k
F B (P<0.05)(& 3).

2.4 SDRRMG XS = HE TR LR AR T SRR 82 AT AR A S
e Al A

AT Ao AP S ] T e 4 SO A A B
Xk ML AR A A, T3 RO S, I 2 TG T A 5
e W A R TR A s Ak, A A B RS
TEMUKF- DRSNS, AP 2 AR B
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R3 BEWARMEEE KR

Tab.3 The growth performance of C. carpio haematopterus in each group

A5 groups
Fabr  index
control HG G-LSP G-MSP G-HSP
YtkE/g 1BW 7.57+0.02 7.56+0.02 7.56+0.02 7.55+0.02 7.54+0.02
KikdF/g FBW 91.15+1.52° 96.86+3.10" 94.44+3.05® 96.25+0.99® 99.45+2.65
W #/% WGR 1104.03£19.02° 1182.19+42.50® 1149.20+39.63® 1174.45+11.89® 1219.68+37.69"
e KR/ (%/d) SGR 3.55+0.02° 3.64+0.05" 3.60+0.04™ 3.64+0.01™ 3.68+0.04°
B3 /(g/em’)  CF 2.53+0.10 2.59+0.07 2.50+0.06 2.61+0.07 2.47+0.04
RR /% FE 89.67+1.62° 95.8143.33® 93.2143.26™ 95.16+1.05® 98.614+2.86°
¥R %U% HSI 3.96+0.16 4.41£0.26 3.98+0.25 4.56+0.24 4.52+0.12
MEARTEEU%  VSI 11.79+0.79 12.79+0.76 11.71+0.85 13.38+0.56 12.35+0.29
e RF/NEFRERIR AT A 83 22 7(P<0.05); R 1.
Notes: Different lowercases refer to the significant difference in the same line (P < 0.05); the same below.
F4 BEXWATAEMBREILIER
Tab.4 Antioxidant indicators of serum in C. carpio haematopterus in each group
ki 215 groups
index control HG G-LSP G-MSP G-HSP
A ¥ /(nmol/mL) MDA 10.29+1.32° 13.72+0.37° 10.86+0.85% 9.98+1.28" 9.98:0.83"
S/ (mmollL)  H,0, 73.6243.13 78.815.03 68.4143.62 70.54+4.30 75.9342.73
B WA M/(U/L) GPT 2.03+0.62" 3.3240.32° 2.43+0.43" 1.80+0.33° 1.300.42°
B HEEM/(UL)  GOT 15.86+3.49 18.16+1.90 13.31+0.68 16.02+1.84 14.68+2.13
BHEHIk/(mg/L) GSH 9.36+0.57" 7.85+0.30° 9.70+0.85° 10.27+0.38° 8.88+0.47%
B H L S I/(U/mL) - GSH-Px 197.23+16.40™ 162.04+24.66" 206.84+22.45" 248.89+9.26" 232.38+12.18"
LA /(U/mL)  CAT 63.15+4.15" 55.17+10.21° 74.56+5.12" 63.75+6.34" 119.93+12.77°
BB ALE/(U/mL)  SOD 363.90+15.61" 329.34+12.75 368.06+15.20" 402.94+14.54° 397.47+3.40°
RPUEALEES/(UmL)  T-AOC 5.67+0.49" 4.43+0.18" 4.96+0.76" 5.18+0.78" 7.32+0.74°

W E R, (BB VRO BRI A3, F
AR YIS, AIAE R BIIE ALK (BRR).

2.5 OB SRR RRR T R R IR R

FEIMLIE H, 4525040 ACP Al LZM 7% 1 0 8
FEF (P>0.05), SXTRAML, B4 AKP I
PERFAL (P>0.05), S b4k, G-HSP 41 AKP
TG PR Alb & 2 .3 & (P<0.05)(3K 5). TEJAE
T, EBELL LZM WS PO IR 2 RIS (P<0.05).
5 W4 A L, G-LSP 4 il G-HSP 41 AKP FiI
ACP i PETH 55, G-HSP 4 LZM i P:Fl Alb & &
FHiEr (P<0.05)(Kl 4), EfpiE T, &84 AKP i
PETC I 3 25 57 (P>0.05), SXTHRAIAHLL, SpEd
LZM i P i 2 & I (P<0.05). ¥R vb B # )5
ACP G M7 5, H G-HSP4H ACP iR EE T
FIEAL (P<0.05), S EiE4IAH L, G-HSP4] LZM

[ K P2 2% 25 32 Jp sponsored by China Society of Fisheries

TEHEAT Alb & i1t FH i (P<0.05)(1 5).

2.6 OERMX S TEERAR TR REHER
EERIEHIFN

B T] AT v B R DG BE IR SRR B ] 6
N, SXTRRAAE, WM ERERRS, nfxb Fl-
18 mRNA R IK K- T8, il-10 Fl lyz mRNA 1Y
FIRKOF AL (P>0.05), SEBEAAALL, VDR
T T nfxb. tnf-o F il-18 mRNA [ 33k K F,
H Y BORy 3 h 5% B, nfkb. tnfa R il-18
mRNA [ %35 KT i K (P<0.05). 5 miflidl
AL, G-LSP A4 5% 5% A il-10 1 tgf-f mRNA
fIZER I, G-HSP 419 & % s A F lyz mRNA
IR I (P<0.05)

BT 0 fi 3 v e A DG SR R SRR i ] 7 B
N, SXTERAAHLL, EHEL nfoxb F inf-a mRNA
f) 228K THE, il-10 F1 [yz mRNA 1 2235 7K S
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(@) W&, (b) W5 ME, (o) BNHER, () BERHAM, () BAMHIK, O BMHIKE ALY, (o) WA, (h) BB,

(i) S Re

; 1LY, 2.HG, 3.G-LSP, 4.G-MSP, 5.G-HSP; K. Kl 4. 5.

Fig. 1 Effects of sea buckthorn powder on hepatopancreas tissue antioxidant indicators of

C. carpio haematopterus fed with high-carbohydrate diet

(a) malondialdehyde, (b) hydrogen peroxide, (c) glutamic-pyruvic transaminase, (d) glutamic-oxaloacetic transaminase, (¢) glutathione, (f) glutathione

peroxidase, (g) catalase, (h) superoxide dismutase, (i) total antioxidant activity; 1. control, 2. HG, 3. G-LSP, 4. G-MSP, 5. G-HSP; the same as the plate,

fig. 4 and fig. 5.

F&AK (P>0.05), occludin mRNA [ 2% 35 7K S [ A%
(P<0.05). SEptAHEL, BEEDHR SRR,
nf-xb I tnf-a mRNA 135K BT, I H 735
1£ G-MSP 4 Ml G-HSP 4 & 7~ H e A % 1k 7K F
(P<0.05). 4 V0 MRy B WS 0 KSR 0.5% B, il-10
bz mRNA 1Y 3% 18 8 5 500 4140 L 2 2 3
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Fig.2 The relative expression levels of antioxidant-related genes in the hepatopancreas of
C. carpio haematopterus in each group

1. keapl, 2. nrf2, 3. cat, 4. sod, 5. gps, 6. gr; the same below.
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Fig.3 The relative expression levels of antioxidant related genes in the muscle of
C. carpio haematopterus in each group
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Tab.5 Immune indicators of serum in C. carpio haematopterus in each group
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Fig. 4 Effects of sea buckthorn powder on spleen immune indicators of C. carpio haematopterus
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Fig. 6 The relative expression levels of immune-related genes in the spleen of

C. carpio haematopterus in each group

1. nf-xb, 2. tif-a, 3. il-1p, 4. il-10, 5. 1gf-B, 6. lys; the same below.
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Fig. 7 The relative expression levels of immune-related genes in the intestinal tract of

C. carpio haematopterus in each group
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Effects of high-carbohydrate diet supplemented with sea buckthorn powder on
the growth, antioxidant ability and non-specific immunity of
Yellow River carp (Cyprinus carpio haematopterus)

ZHANG Hang', YAN Xiao', YANG Liping', QIN Chaobin',
PANG Peng’, YANG Bowen', NIE Guoxing "

(1. College of Fisheries, Henan Normal University, Xinxiang 453007, China;
2. College of Life Sciences, Henan Normal University, Xinxiang 453007, China)

Abstract: In order to explore the effects of sea buckthorn (Hippophae rhamnoides) powder on growth, antioxidant
ability and non-specific immunity of Yellow River carp (Cyprinus carpio haematopterus), a total of 450 C. carpio
haematopterus with similar body weight about 7.55 g were randomly divided into five groups: control, HG, G-
LSP, G-MSP, G-HSP, respectively. A 10-week feeding trial was performed. The results indicated that the weight
gain rate of C. carpio haematopterus in G-HSP group was significantly higher than that in HG group. Compared
with the control group, the content of malondialdehyde (MDA) in serum and hepatopancreas increased, but the
activity of (CAT), superoxide dismutase (SOD) and total antioxidant activity (T-AOC) in serum and hepatopan-
creas decreased. These negative effects could be relieved with sea buckthorn powder supplementation. The high-
carbohydrate diet inhibited nrf2 mRNA levels of hepatopancreas and muscle, while the mRNA levels of keapl
were promoted. Sea buckthorn powder significantly inhibited the decrease of nrf2 mRNA levels and increase of
keapl mRNA levels induced by the HG diet. And the antioxidant-related genes (gr, cat, gpx and sod) mRNA
levels were also promoted by sea buckthorn powder. Moreover, fish fed the diet containing 0.5% sea buckthorn
powder had higher activity of alkaline phosphatase (AKP), acid phosphatase (ACP), lysozyme (LZM) and the con-
tent of albumin (Alb) in serum, spleen and intestine. In addition, sea buckthorn powder can restore the abnormal
mRNA expression of nf-xb, il-1f and tnf-a in spleen and intestine caused by high-carbohydrate diet. In conclusion,
sea buckthorn powder can alleviate oxidative stress and inflammation injury caused by high-carbohydrate diet, and
improve the growth performance, and enhance antioxidant ability and non-specific immunity of C. carpio haemat-
opterus. The recommended dosage of sea buckthorn powder in diet is 0.5%.

Key words: Yellow River carp (Cyprinus carpio haematopterus); sea buckthorn powder; high-carbohydrate diet;

antioxidant ability; non-specific immunity
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