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FHE: X0 B ERF 9T s LB RS R RN SR T R rh S I S R B B f A IS AR AR bR DR S e
JIsEm o 50k U 2 50 gl FL 480/, BENL /3 N34, HANEE, A EE40E. 700 x|
A eI R R AN SR AL . L AR R RN SR 24500 me/kg T TR FR4H, 43 7ic NCON. S1AISQ2.
FEAW AN 56d. 45 R EoR: (1) 5CONA ML, SIAISQ24H B [y K Y B (FBW). 1 B F(WGR)FI K & 4 K &
(SGR)¥J & BEAK(P<0.05), S14H 3 1 (I BE R % (FCR) & 2 T &1(P<0.05). 5 S1ZHAH L, SQ24H % 1 (I FBW .
WGRASGR 2 T+ 51 (P<0.05), M FCRZ 2 FEK(P<0.05). (2)5CONZLA L, S1ATISQRLH B a1 ) M IE 45 H %
Z M (GOT). MHHF(TBA)~ et JIH[EH BE(T-CHO)AN Ik A — B (MDA)/K - 35 &t 2 15 (P<0.05) . 1717 L3 FR P4
R RE(ACP). P ERE AIMIgM) 718 i b B A0 T I A AL LB (CAT) B AL B AL (SOD). & J5 A
25 Bt H IR (GSH) 1 7K ~F 34 {2 35 B& R (P<0.05); S14H 5 £ 1y I i 16 2 B2 i 2 1 IE [ B2 (LDL-C) I & & B 3% A&
(P<0.05), 1M MiEC3~ R s s i A0 AT BIE S BT AL RE J1(T-AOC) I & 2 2 3 PR (P<0.05). S5S14AHLE, SQ2
HE M P IMIEGOT. T-CHOMAFHEMDA 7K ~F- 32 I 3 B AR (P<0.05), T MiEACP. IgM. Ji& e Hile. ek
fig FIFFAEICAT. SOD. T-AOCH) /K45 5. 3 T+ 1 (P<0.05). (3)-5 CONZLA Lt S14H F1SQ24H % £ it ik
gpxl. caty tgf-BIMNil-15[)F %KV 5% T (P<0.05); ST 5 48 BT I o Mnsod Ml nrf21) 26 15 K V- 5. 2
(P<0.05), Tikeapl . tnf-a~ nf-xbFil-12BHIFRIB/KIF-RE FR(P<0.05). S5S1Z4LAHEL, SQ24LH i JH It 1 Mnsod
gpxl. caty nrf2 tgf-BIRNL-151FIEKF L2 EiAP<0.05), Mkeapl . tnf-a. nf-xbFil-12B11FRIEKF B2
T (P<0.05). ZE LRI, R H IR SER IR 3 AR T B A AR KR R, BUAL AR SRS ), RS R A
JFF A ZE 2R A PR 4T o 55 K SR B P o vy A At e e A (1) SR A2 4% R A e I, 2 e e AR K T
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SR AR ) B 0 KR B A R A0 A A 2 i K
TRPEHIE T B F R, AT R I K B
F D e v A s O, A T R 1 A I A
AT E MBS EAS —, DHREVEAS IR 46 F o 2 —
SE (AL, Wt 55 22 8R4 FH Dh e R 0770wl BAYsk2 i
e B R A R R SRR A L 5 /S 1R K Bh A KA
i AR AL RN 2 B Dy s 2 i e

5H AT ae S N AAH b, o B 25 U BT
HEWER /A B SRS A L, SRk
K P AR e T Y S BRI
(Oleanolic acid)J& fL 3 = a5 Kb &), FE 21T
T s E SRR IF B BOR R
RN G BA RS E . FRARIIAR . $25
AR Sl AR

B e IR E FRE AN Em i KRR, B
ERBIZFE" . SR, SRR R K= 7R 5E
W N R /D o AR 2H i BAAE 35 BE (Monopterus
albus)~ " %% (Pelodiscus sinensis)F1 7, [K J5 25 iR
(Procambarus clarkii)""H % L, FEL o 55 BUR R 1
HROE A8 I 500 mg/kg. PRI, A S8 3@ i 7
EE 18] FRY R AR AN SR e b s IS5 S8R IR, SRR B XS
B AR DU RE I AR R S (R o
TR BRAE /K FR 58 H ) S 2 i BER B Al

1 MR5ERE

1.1 SEIHR

S SR R H W R R A O BR A F BT R
Bt FRE B RS FRARAE R ETRDRL, DL S 32 B
SR A, S BRI SER N E AV, B
9 MR R, TR AR, S50 L ) 340 45 U5
AR 1), 735 NCON (At H R 4L). S1 (Fitk
BIRIRFARISER FARZL) . SQ2 (FES1ZHHRINIS00 mg/
kg5 BURIR) .S58 B A v ek JFUR K 18 5k 60 H
Ji, ¥ S TREE R 7E TR A A AT, RN — 52 EL g
(1) 523 AN Z8 TR K TE VLB FE AL 78 0 TR 5T, B e
F AL LB K ) ELA% 2.0 mm A 1) o
1.2 FAFER

0 5 B R 6 7 S A G I S 56 b 11 DX A
(2.0 mx2.0 mx1.6 m) HEAT, 1R E 76 I B2 AR
Yo RIS E eI #2208 R AT IEGRL . iE
B RS B 55 . M. I EE 50 o/ A4 10 Fifa, St
4802 . I3, FANHAN N L5 A
A HHIEFERL37(08:00.  12:004117:00), HARHE K
AR B L 4% BB A B 1) 3%—S5% AT I 4T . FR5H
WISHE . FREHIAIAIF- /K I N (31.2044.65)C A
/N TF0.05 mg/L. WAHER L& & /N10.01 mg/L.

pHA48.2+0.2.
1.3 HmXRE

TEFRHA S R G, B 24h, LB A
AR EIEPREE, H TSR R RS
WE R, ERAEE RS B R A T & R
B 5, A8 2 mLyF: S a8 34T R df kCR ML, 1R fE4°C
VKA R B, 724 °C B0 ML B0 10min (3500
r/min), B 35, B T-80°C RAEAF I . BEHLE
6 58 T i TR A AN i 2R, o3 R R A
(1) JHF I 2 2348 FH 22 5 WA s 3k A T o1 DR AT, 53 4b
3B H A TR A 2R T 1.5 mL Gl 5 0
BT -80°CRA7FFI . F Bl AL H 3R 50 IR A7 1
20°CUKFaH, Ao ol . FERENLE 4 E
0 R A A PR P A RO R R
A, H TSR BE R b A RE 3 B .
1.4 EFRNER A

TR E IR AR 43 A R 3 I E Ko KT
#E3%(GB 5009.3-2016)05€ ; #H &5 B H 8L K8 &%

R 1 AREARMEFKE(THREM, %)
Tab. 1 Composition and nutritional level of diets (DM basis, %)

J5UEHngredient CON éﬂ%USCiroup SQ2

£f1#) Fish meal 2.00 0 0
ZHISoybean meal 27.00 0 0

HE#f Cottonseed meal 1200  28.00  28.00
S HRapeseed meal 1200  27.00  27.00
T4 Wheat flour 20.00  20.00  20.00
KHERice bran 10.00 1000  10.00
7%k Wheat bran 3.76 1.36 1.31
&l Soybean oil 2.50 2.90 2.90
TR & T YIDDGS 8.00 8.00 8.00
JH## Choline 0.20 0.20 0.20
BEIR — A 55 Ca(H,POy), 1.50 1.50 1.50
TR £ Premix” 1.00 1.00 1.00
7 %% 77 Antimold 0.03 0.03 0.03
P& AL Antioxidants 0.01 0.01 0.01
5518 R # Oleanolic acid 0 0 0.05
&1t Total 100.00  100.00  100.00
# 7% 1% 4 Nutrient levels’

2 (4 Crude protein 3122 3112 31.14
HLAE I Crude lipid 6.78 6.64 6.81
F1 7K 4> Crude ash 7.20 7.28 727

U7 B A Free gossypol (mg/kg) 99.81 23352  231.17
T TURELRIE T 5 BN A AR R A A, B2
5 ARALRT IR "E R AL IE
Note: ‘Premixes are obtained from Qingdao Mast Bio-tech-
nology Co., Ltd. and the ingredients are referred to the previous

. 19] b . oy
research of this group[ . *Proximate composition are measured
values
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(GB 5009.5-2016)I 5 ; #H 5 197 F < 1k 2 QAR Uk
(GB 5009.6-2016) 7 ; ¥4 7 F 5 3547(GB 5009.4-
2016) 5 o i 25 A I 7 & FH 2R [ 2:(GB 13086-91)
W 5E -

R MRENE
FEbx:

1735 2R (SR, %)=100x (i 56 25 oK £ )2 /iR 56 A
s R E;

14 F R (WGR, %)=100x[(K 13 T (g)—-¥] ¥ &
(HIHIHE(2)];

Tkl ZE(FCR)=1% & (g)/[ £ L E () e
(@1

F5 58 4 K (SGR, %/d)=100x[(InK ¥J E —In¥]
B E)FRERE;

JIE 3% B (CF, g/em’)=100x% K f1 & (g)/4k &
(em)’;

AR EE(VST)=100x A JIE 2 52 (g)/ 24 K £ (g);

JHAA L (HST)=100x JH It H 2 (g)/ 4 R fLHE (g) -

BEAEREERERANE  EE

AR PR G2 B i R A PR [E B (LDL-C) e %5 8 i
F1JHE BE(HDL-C). A HHZBH(GOT). BN
lilf (GPT). & VL B2 s (ACP). HV B2 (TBA). %
ZHE(GLU). 21 [ B (T-CHO) A H i =5 (TG) )
SR FH A S A ) R AR T BT ) R R X 6 W 5
MAMA3 (C3). *MA4 (C4). HIEERE AM(IgM)F
FHWTL AR B R AAT BR 2 5] IAH RAR S E

PAEEWEENE i A-80°C HIUKAR
ECHE, R B B3 2R HEAT 213 ), O s e i i
(Lipase)« V€ ¥ ¥ (Amylase) M figi &5 [ B (Trypsin) ¥
TG T 35 5K FH e R AR AR A BR A R AL A AH
R G AT A

BT AEZE R SRV 2R % 5% P R I
IR AEH AR BT . Wik, B, g, et
B A JE AR A TSR] v, R A CaseViewer 2.2
BAF AR K L8 R, R A e i B T AR,
K Sk AR IR, S B AN R4 2 [ 22 5

RFEEInSELIErsaME IR ZUFT-80C
UK, FEIE AT AR ERRE . fRI AL SV B B R
IKIATEIH, FEAE4C I ES AL 5.0 10min (2500 1/
min), B BRI 2 2 E S (TP) AL P a i Re
(T-AOC). HEMNYEALEF(SOD). A (MDA).
W JFE AL Bt K (GSH) A S 4k AU B (CAT). LAk
BT GR350 B e R AR T AR T BT

LR R EEPCR (QRT-PCRDHT K/
JE RNAZE B R & (o M % 2R W BHE I A BR A
) ) PR B 8 F S RNA . % B A% A A

BRI AR R AR ERE

XTRNAK BE AT & 1E AT R I, RNAREA 1 A0/ 250
EHPE1.8—2.1. (FHZEHNAEMEEARA 7 AHGRK
77 & B RNA 3 5% [ cDNA . F| Fi Primer Premier
5.0 34T 51 vt SIM R AR 2, 51
e A A A R A 7 & R, BT sl Y3 15 2%
FA£0.95—1.10. ff H 2% & & & PCRIX (LightCy-
cler 4811, Bio-Rad, NUA)M SYBR Premix Ex Tagq Il
BT E o LAEL A B-actindk ARy A 2 25k
B, i E=2 " 5
1.5 HESZITS59Hh

AHIEFE I IR IR B 22 0 Excel 20194 3 f5, i
HR (version 4.0.3)8, 347 #ds i vt 70 #r . 7E EIAN
F, R Fmicrochat®@ AT G iH 225041, X5 EIE
A BE, 3E1T Shapiro-Wilk IF 214656 A1 Bartlett
J7 22 55 A 56, FE 2K FH Student’s #6236 31T 5 #7 o
FESE R, P<0.053% 7 HiA 4L 5 CONAL 2 8] 47 1E
EEF. AN, P<0.05FKRS14H 5SQ24H 2 (A7 1E
WEMZER . X T ARG ISR J7 2 55 P %L
5, K H Wilcoxon Bk MR B0 BT 704 o e 48 10504
B IA T EAbR #E % (meantSE) .

2 £R

2.1 FEHREMTIER|SELFIMMBMRAITIRENE
B KRNI
FH% 3R, SCONZLAM B, STAISQ24H Hi A [
#®2 HeREWREEEXEESY

Tab. 2 Primers for antioxidant and immune-related genes in grass
carp

2% =1
I 514 RS
. ,ar Accession
Gene Primer sequence (5'—3")
number

keapla GAGCTGATCAGTCAGGACAGTC KF811013
GGACTGCAATTGCCTTTGGAG

nrf2  CCGTTTACCGTGGACATGATC
CACGATGTTCTCCAACTTCCG

mnsod ATATCAAGAGGCACTGGCCAAG GU218534
GAGCCAAAGTCACGCTTAATGG

gpxl  TGAAAGAGAAGCTGCCTCAACC JX854447
GACGATGGTGAGGAACCTTCTG

KX243419

gsto  CAACGGACAAGATTGGTGCTC  KT757314
TCTGAGGGTAGACCTCATCCAG
cat ACGGATCGCACACTTTCAAAC  MG821473

GTAGAAGGTCCAGGATGGGAAG
nf-kb  AAAAGCAAGCCAATCACAGG

CCGTTTCCTCCTTGAGTTTATC
tgf-f1 CCGCATAAAGGTCCTACAAAAC XMO051874932

ATGACCCTCACATTCCTACTGC

XM051880333.1

mf-a. ATGATGGAGCATGCCAGTCAG  HQ696609
CTTGTTGAGCGTGAAGCAGAC
il-8 ATGAGTCTTAGAGGTCTGGGT  JN663841

ACAGTGAGGGCTAGGAGGG
il-128 ACAAAGATGAAAAACTGGAGGC KF944668.1
GTGTGTGGTTTAGGTAGGAGCC

il-15 CCTTCCAACAATCTCGCTTC KT445872
AACACATCTTCCAGTTCTCCTT
p-actin GGCTGTGCTGTCCCTGTA M25013

GGGCATAACCCTCGTAGAT
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FBW. WGRAHMISGR {23 [£1%(P<0.05); 11 S141 % 1
f{JFCRIE 2 T /1 (P<0.05). S5 SIZHAH L, SQ24H &
A IFBW. WGRHISGR . % FF & (P<0.05), 1Ml FCR
2 BRI (P<0.05); HAh 250k B 3% % R (P>0.05).
#AbFH R FL A IBM. SR, CF. HSIMIVSLE %
Z5(P>0.05).
22 STERIRERTIBRSL AR STRRE R E
B IR BRI

HH 4nT 50, S b BRI B fa 7K o MR E
FEL g 10 FORE 2K 9 350 30 3 72 53 (P>0.05)
23 FFEREMN B RS AR STHRIERNE
& MES e FRaY S0

HHZ% ST A1, 5 CONZAH L, S1AISQ24H %o fh i)
MiEGOT. TBAFIT-CHOM/KF & Tt 51(P<0.05);
S1£H ¥ # 1f) I 3% LDL-C ) & £ & 3 Ft 155 (P<0.05).
L STZHAH b, SQ24H 5  (1) Ififf GOTFIT-CHOHJ 7K
1 i 3 B IR (P<0.05), T HAth 2 0k 2 3 2 = (P>
0.05). FALFRIAEAMEGLU. GPT. TGAIHDL-C
#3 YRR ARSI S a £ KA
FOEAL)
Tab. 3  Effects of dietary oleanolic acid on the growth perfor-
mance of grass carp fed high cottonseed and rapeseed meal diet

n
A ltem CON Zﬂﬁ'JSClrroup sQ2
YIHIFEIBM (g) 50.03+0.09 49.92+0.05 50.11+0.14
KIJEFBW (g) 198.0743.34 180.32+1.67 188.94:1.69"
15 EFWGR (%) 302.23+1.28 259.3+£5.30° 277.04+2.57
KA K HSGR (%/d) 2454003 2.29:0.02°  2.37+0.01"
TR RFFCR 1.2120.02 1.38+0.05° 1.28+0.01"
TEIEZSR (%) 99.17+0.83 100.00+0.00 100.00+0.00
AL ECF (g/om’) 196£0.02  1.90:0.01  1.87+0.02
JHF & LEHST 2.4240.05 2.43+£0.11  2.44+0.07
WA L VST 16.33+0.41 16.33£0.28  15.34+0.58

e *P<0.05, BN HRHA S MALKA B ENEER,
"P<0.05, TSI 5SQU LB BB M2 R I

Note: *P<0.05, indicates a significant difference between the
remaining groups and the control group, P<0.05, indicates a
significant difference between the S1 group and SQ2 group; the
same applies below

F 4 FHRHIEE S ORI S & R 5
220 (%)
Tab. 4 Effects of dietary oleanolic acid on nutrient composition
of grass carp fed high cottonseed and rapeseed meal diet (%)
#H 53l Group
CON S1 SQ2
73.85+0.19  73.71+£0.23  74.04+0.98

T H Item

7K 43 Moisture

K HCrude protein -~ 14.78+0.43  14.14+0.31  14.80+0.50
HL g 5 Crude lipid 8.94+0.03  8.89+0.05  8.97+0.06
F K 43 Crude ash 2.94+0.11  3.28+0.06  3.20+0.25

(7K 35106 S 2 72 7:(P>0.05) o
24 SHERERITIRR S F ARSI R R &
& B8 H L ER AU 20

H% 67 A, 5CONZAH L, S1AISQ24H %ifh 1)
J¥7 T € 53 T 1 Y 2 PR AIR(P<0.05); STAH HL A1) Ji
T Mg 7 B 0 M 3 PR K (P<0.05). 5 S14LAH L,
SQ22H ¥ £ 11 Jlgy 36 ViE o 1 R IR D7 Il 9 1 i 355 3 vy
(P<0.05), 7 HAG Wi B vS ME 5 CON %A 35 7= 57+
(P>0.05). 542 5] 55 A8 f) fizp i JiR a1 i v 1 G
& Z R (P>0.05),
2.5 SRR R R S B A0 HR R RN STRA TR R
R fa fT B LH R AR R0

FH P 1], dd o R g A IR 2H 2T A S5
RI, CONZH B JIF 4l f iz Ar T O B, TEAS
B BRI BT S1ZH B £ JH 440 e s v Ak, T4 A A% B
FE AL ; TE 1R LU A PR AR R0 SR T ) Hh s i 55 S8R R
I, SQ24LFE fa 41 it i 2= VAL R WL HE 2R A o
2.6 SHEHRERIIRR S FAMEFEMITRRER &
& [ 7E e R e FRA R0

HH% 77 A, 5 CONZLAH L, S1AISQ24H %ifh 1)
I3 ACPAIIgMIP) 7K ¥ i 3 P& {IK (P<0.05); S14H %

x5 FHRBRMERSLAMNBHSMANEANEEK
Eitan: Al

Tab. 5 Effects of dietary oleanolic acid on serum biochemical
index of grass carp fed high cottonseed and rapeseed meal diet

i H Item Al Group
CON S1 SQ2
% PEGLU (mmol/L) 3.3240.28 4.13+0.26  3.80+0.03
JIHY+EETBA (umol/L) 2.8840.27 4.33+0.06 3.59+0.05 "
REEEFGOT (UL)  17.04+0.96 19.23+0.22" 18.08+0.21"
BN ARGPT (U/L) 49.29+0.30 50.94+0.17 50.26+0.51

MHFERET-CHO (mmol/L)  7.03£0.28 7.63£0.06" 6.010.20"
H M =HETG (mmol/L) 4.69+0.06 4.67+0.15 4.61%0.11
% 5 1 2 1 I ] e 10.25+0.08 11.53+0.14" 11.06+0.58
LDL-C (mmol/L)

o 2 5 I B DL
HDL-C (mmol/L)

11.29+0.28 11.06+0.10 11.07+0.22

®6 FHRBIFERSLHNBEFMIRANESFERL
[F: A

Tab. 6 Effect of oleanolic acid on intestinal digestive enzymes of
grass carp fed high cottonseed and rapeseed meal diet

. 2H 7 Grou
T H Ttem P
CON St SQ2
[ (%10 291+0.10 244026  2.68+0.03
Trypain (U/mg prot)
Jig i 1.76£0.11  1.4240.03°  1.73+0.02°
Lipase (U/g prot)
TERE 0.65+0.02  0.48+0.01"  0.56+0.03"

Amylase (U/mg prot)
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Bl Efa FEH RO (HE Yefh)
Fig. 1 Microscopic observation of grass carp liver tissue (HE staining)
V. AR HC. IR, S. fSE; N. 253

V. central vein; HC. hepatocyte; S. blood sinusoid; N. vacuole

7 FHRBEMBAESLARHISRENEaNERE
Eictpa: A

Tab. 7 Effects of dietary oleanolic acid on serum immunity of
grass carp fed high cottonseed and rapeseed meal diet

2H 3 Group

i H It

A FTem CON s1 sQ2
MPERERRAGACP 21524031  15.49£041°  20.05£0.55"
(4= IR H#.f7 /g prot) . )
G IR E M 2.58+0.19  1.05+0.03 1.69+0.05 "
IgM (g/L)
ME4 C4 (/L) 0.13:0.02  0.13:0.01  0.14+0.01
AMA3 C3 (g/L) 0.34£0.01  0.24+0.00°  0.34+0.01

11 L35 C3MR 7K - 5 35 PR (P<0.05). 5 S1414H
b, SQ24H % 4 [ 1L 7 ACP A IgMK) K “F 8 3 T
(P<0.05), T C37K - TG B 3 2 7 (P>0.05). % 4b
T ) 5 AR 1) LTS CARY 7K 2 35 22 57 (P>0.05).
27 FEHRERITIER S AINBIAFSRERE
&R SRR I

HHZ% 8] A, 5CONZHAHLL, S1AISQ24H %o fr 1)
JHIECAT. SOD. GSHF /K1 & % F£ 1K (P<0.05),
MDA 5 8 5 2 T 51 (P<0.05); S1ZH 5 1) IR
T-AOCHI/K & B K(P<0.05). S5S1ZHALL, SQ2
H B A [ CAT. SODAIT-AOCHI /K F i 3%
T 51 (P<0.05), MDA )£ 2 & 3 PR (P<0.05), L
GSH /K- TG 2. % % 7:(P>0.05) .
2.8 FHRERIIZERSLAINBIAFSFRERE
&Rl S X E R RIAR SN

HH P 20] A1, 5 CONZAHEL, ST FISQ24H
JH R H gpx IR cat () 2258 7K~ 2 25 1 1 (P<0.05); S1
0t JE AT Mnsod R nrf2(1) R 18 K P 2 3 A
(P<0.05), Mikeap 1 1FRIEKF 03 L i(P<0.05). 5
SIZHLAH HL, SQ24H & fh JiF I o Mnsod . gpxI. cat.
nrf2IRIE K82 I (P<0.05), T keap 1 3R 1A
KPR 3 TR I (P<0.05). % Ah 3 8] 5 JE A gsto
[ ZRIK KT 2 3 22 7 (P>0.05)

29 FHRERXIERSLLAIBIAFSRERNE
£ BT A e R HE R B E FRIE R RN

HH P 3010, 5 CONZLAHLL, STZHAISQ24 #ifh
JHJIE A eg - BIANEL- 150 23K 7K1 2 25 T i (P<0.05);
S A T T infeos nf-abFil-12B10 232 7K
# LA P<0.05). 5SIALMLL, SQ24H & £ fF ik
mf-ov nf-kbHil-12BH 3215 K-V 2.3 T I(P<0.05),
Mitgf~-BIANI-15HIFRIEKFB3E FIH(P<0.05). #4b
P ] A U -SRI /K0 R 3 22 7 (P>0.05)
3 g
3.1 FEREBTBERSLLAINBAFIRERNE
£ A M B AN AR RR 43 O 521

T 1 R P AIE 3 5% E van LU AT P i R R SRR 1)
B GWFFR T, TRRL by A In A R A
SEH S B B UK B A Kt et RSk
S5 RN, KT B R TR R 2 AR A 0 AR
Kt R, I HAR ik 2R 30, (H 6 B R A7 3R
HRERW . %4558 55 (Clenopharyngodon ide-
lia)'™. B AEf(Oreochromis niloticus)” " FILL4H(Pa-
grus major) " HIF 7545 SR BL, I T B8 5 MR A AISE

8 FHRBIBFERSLHNMEMEANESFENE
(td: A

Tab. 8 Effects of dietary oleanolic acid on Antioxidant index of
hepatic of grass carp fed high cottonseed and rapeseed meal diet

ZH 5
i H Item 2H 53| Group
CON S1 SQ2
HENE R 8.83£0.08  6.62+0.14  7.16+0.05"
CAT (U/mg prot)
R AL B 167.58+0.25 149.96£0.60° 163.32+0.61"
SOD (U/mg prot)
SRR B H ik 195.43+1.13 163.59+2.68  170.67+3.06
GSH (U/mg prot)
BprELbRE 63.06£0.81 52.98+1.22" 64.00+1.86
T-AOC (U/g prot)
Hm 3.3040.16  4.53+0.02°  3.79+0.06
MDA (nmol/mg prot)
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Fig. 2 Effects of Oleanolic acid to high cottonseed and rapeseed
meal diet on liver antioxidant-related gene expression of grass carp
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Fig. 3 Effect of oleanolic acid addition to high cotton rapeseed
meal feed on the expression of immunity-related genes in the liver
of grass carp
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DIETARY OLEANOLIC ACID ON THE GROWTH PERFORMANCE, SERUM
BIOCHEMICAL, ANTIOXIDANT CAPACITY, AND IMMUNITY OF GRASS
CARP FED HIGH COTTONSEED AND RAPESEED MEAL DIETS

WANG Shao', HU Yi', CAI Ming-Lang', DAI Ji-Hong', XU Shu-De', HU Hai-Bo’ and FU Gui-Hong'

(1. Fisheries College, Hunan Agricultural University, Changsha 410128, China; 2. Hunan Shineway
Agriculture Co., Changsha, 410116 China)

Abstract: The aim of this experiment was to investigate the effects of oleanolic acid supplementation in high cotton
rapeseed meal feed on the growth, serum biochemistry, antioxidant, and immunity of grass carp (Ctenopharyngodon
idella). Four hundred and eighty grass carp weighing about 50 g were selected and randomly divided into three groups
with four replicates of 40 fish each. These groups included the control group, the high cotton rapeseed meal group, and
the high cotton rapeseed meal group supplemented with 500 mg/kg oleanolic acid, which were labeled as CON, S1, and
SQ2, respectively, with a culture period of 56d. The results showed that: (1) Grass carp in the S1 and SQ2 groups exhi-
bited significantly lower FBW, WGR, and SGR compared with the CON group (P<0.05), with the S1 group showing
significantly higher FCR (P<0.05). (2) FBW, WGR, and SGR were significantly higher (P<0.05), and FCR was signifi-
cantly lower (P<0.05) in grass carp in the SQ2 group compared to the S1 group. Additionally, compared to the CON
group, serum GOT, TBA, T-CHO, and hepatic MDA levels were significantly higher (P<0.05) in the S1 and SQ2
groups. Conversely, levels of serum ACP, IgM, and hepatic CAT, SOD, and GSH were significantly decreased
(P<0.05). Furthermore, serum LDL-C levels were significantly higher (P<0.05) in the S1 group, whereas serum
complement C3 and liver T-AOC levels were significantly lower (P<0.05). Compared to the S1 group, the SQ2 group
exhibited significantly lower levels of serum GOT, T-CHO, and hepatic MDA (P<0.05), and significantly higher levels
of serum ACP, IgM, and hepatic CAT, SOD, and T-AOC (P<0.05). (3) Compared to the CON group, hepatic expres-
sion levels of gpx1, cat, tgf-f1, and il-15 were significantly down-regulated (P<0.05). Moreover, in the livers of grass
carp in S1 group, expression levels of Mnsod and nrf2 were significantly down-regulated (P<0.05), whereas the expres-
sion levels of keap 1, tnf-a, nrf-kb. and il-12f were significantly up-regulated (P<0.05). Conversely, expression levels of
Mnsod, gpxl, cat, nrf2, tgf-p1, and il-15 were significantly up-regulated (P<0.05), while the expression levels of keap !,
tnf-o,, nf-kb, and il-12f were significantly down-regulated (P<0.05) in the livers of the grass carp in the SQ2 group
compared to the S1 group. In conclusion, the high percentage of cotton rapeseed meal in the feed significantly reduced
the growth performance, antioxidant capacity, and immunity of grass carp, and induced damage to the liver tissue struc-
ture. However, supplementation with oleanolic acid alleviated oxidative damage and inflammatory responses in the
liver of grass carp, while improving growth performance, antioxidant capacity, and immunity.

Key words: Oleanolic acid; Antioxidant indexes; Immunity; Ctenopharyngodon idella
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