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1 #RFTTE

Sl p ol
Bei 7 AR KFE43518 8% (EE8). 10%

1.1

*x1
Tab. 1

(EE10). 12% (EE12). 14% (EE14). 16% (EE16).
18% (EE18)F1 20% (EE20), H17& [1k 48%M) %A
TRk, GRS DL 1o AP BEORE R B I 4 BRI
FREE, BHY KIRAI(S-14S BUR AL, WiiliEZ
HL B0 AT BRAA R, U s B /K 2T kIR &
(B50 BUBEFEHL, | ARIEECE SLACA FRA R, ¥
BHR A5G 2 AL HL(TSE6SS), il AUz Ak e} (15
WALE K 3 mm), BFEN 25 CKA 48 h, fifff
FE-20 CrKAE 285 H .

LI HARBIE 7 FLE LR 23 (F &)

Formulation and proximate composition of the test diets (dry weight)

%

JEB ingredient

2151 diet group

EE8 EE10 EE12 EE14 EE16 EE18 EE20
21 ff1 4} brown fish meal 44 44 44 44 44 44 44
A # chicken meal 3 3 3 3 3 3 3
1fiL 3% # 9 ¥} plasma protein powder 10 10 10 10 10 10 10
INFZ 2 Ay wheat gluten powder 8 8 8 8 8 8 8
¥ flour 16 16 16 16 16 16 16
K IH#ENE soybean lecithin 1.5 1.5 1.5 1.5 1.5 1.5 1.5
il fish oil 1 2 3 4 5 6 7
Tl soybean oil 1 2 3 4 5 6 7
Z4E 2" vitamin and mineral premix 1 1 1 1 1 1 1
JH choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5
R — &4 CaH,(PO,), 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Fl SR betaine 0.1 0.1 0.1 0.1 0.1 0.1 0.1
LA FEMEMR ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05 0.05
TR EF4EZE microcrystalline cellulose 12 10 8 6 4 2 0
DL-FHZ 2 DL-Met 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Mt total 100 100 100 100 100 100 100

I LAL 43 proximate composition
K4} moisture 12.43 12.64 12.41 11.12 11.75 10.09 10.20
HLIE i ether extract 8.07 9.45 12.81 14.15 16.77 18.07 20.65
K1 19 crude protein 48.76 47.80 48.24 48.36 48.83 49.48 47.93
JR4Y ash 11.75 11.67 11.67 11.11 11.00 10.93 11.15

1.2 FHEXHKERE (300 L B I B94H ) o 25 A E], 43 I 7E 8:00 F1 17:00

SR S U TE W VLI T R R e AT .
(MiE ), YD G 7E = K E(S mx4 mx
2m)EFE 1A, FRe it Pk s iy, RR T
B IR EE(13.70+0.01) g AU ER e JH A B £2 Fif
ML R 7 4, B 3 A~EE, BPNEEEE 30 B

50 S ) R B SRR, KR 26 C, FhEE
28.5~30, %A >6 mg/L, FAHEWIN 4 JH
1.3 HmEE

T ARG, BHRRRIRA R EE (24 h,
TG FRE, IR A EE ()1 ik
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o, BAMREALIEER 3 B, FRikE, Bk,
FIE IR . JERE . B R AR 105 34 AR . i
JE A BRER K VE VG B TR, ST A
HZRAE, BUREZE IR 2 )5 GRS 2280 CUKFE - 17 -

S A B RRREALIEER 3 Bk e A B A
FENLE T-20 CHAAE, HIT I & HLFR 53 o B
BHEUEN A SE IS ARDREE f, MRS 4 CORA7 I 4R
BLH LRI M B R

BAMBEALIEER 6 Bfh, FH—PETCE TS
PEEF KB, BT 1.5 mL B.O0% T, 4 CHE
12hJ5,4 °C, 3500 r/min &.0> 10 min, B EiEE T
—80 CLRAF
1.4 HALH

KA MLER L MR R 235 5 A
%% AOAC ", BEAE T 105 CHIHLAH
(GZX-9146MBE T4, bi)yrhHZERE, 1157
(I A e Q<3 7 N U R Y 5 W T S = W 7S
(PrimacsSN-100 At £y e AAX, far 22 )i e #HL2K H
ity PR TR 0 e M s 7 & &5 Sk
(SX2-4-10N g, FifF) 550 CHypE 2 E F
FRMLK Sy o TR & 5k ] GB/T 15399-2018
SN (P9 R A 0 B A Ry A7 BRA 7D ) o

M3 H M =EE(TG) . A IHFE EE(T-CHO) | %
JERE®E I (HDL-C). X% E & F1(LDL-C), A5
5 2 W (AST) FIAT TN 5% 2 B (ALT)TE %k, JHBEA% bk
H K E AL B (GSH-PX) 76 . Al (MDA) &
AR BUR AL T (T-AOC) f FH 77 & 0 22 (R e 2t
B A T AREE 58 B A BRZA 7)o

JF W35 P 48 (ROS) R Elisa 25 &5 (b Vi
106 AE e AR A PR =D E o

JIg AR AH G 3 PRAH X ik 0 SR H
Trizol (bt 434 AW E AR A FRA Rk 4
IBUA7 B 12 T JE 0 RNA, Prime Script™RT 53 % 5
F £ 3K715 cDNA, SYBR® Green Master Mix X} H#%
LN PEA 7LD B PCR (LightCyclerd80),
ML 95 CARYEAIR 30 s, 40 S R, 95 C
P 5 s, 60 ‘CiR K 30 s, SRJ5HEATIE Al £ 7 #r,
WAIZE 4 °C, LA p-actin HNSHEH, HIHERH R
mRNA AN R A AR 275, 5
WP I L 2,

x2 ERBSIWFTI

Tab.2 Gene primer sequences

FH gene 519 /751 (5'-3") primer sequence (5'-3")

Rg W5 BRI fas F: GGCGGCATTGTAGGCATTA
R: CAATCAAAGTGTAGCCTCGGTAG

ki F: TGCTCGCCTCCAGTATGAA
appara R: GTCCAGCTCCAGCGTGTTA
A Tk G P 4 S it - F: TGCTCCACGGAAAGTGCTAC
Lept-1 R: GCAGTGACCCTCCTCAGTGTAT
Kk - wsm i sy F: GCTTCACATCCTTGTATCTGCTC
g6pd R: GCGTTCCTTTCATTCTCCG
6T A B A  F: AGGCTGCATCATCCGAAGTGT
6gpd R: CAGCATACCGTGTCTGTAACCA
[ 3 2 - F: TGGAGTTTGGAGGACTGTTTG
1 srebp-1 R: AAGATGAGGGTGGAGTTGGA
R EE FI B Ipl F: CCACCTGTTCATCGACTCCC

R: TCGGACGGACCTTGTTGAT

F: GAAGTTGTTCTACCGCTTGCTG
R: AGAGTCCTCGTGGTCTCCTGA

F: ACCACATCCTCATTCCCTTCT

R: CATCTTTATCCTGGACAACACTCT
F: GGCTACTCCTTCACCACCACA

R: TCTGGGCAACGGAACCTCT

SRR S me

BIREH-
100 apob-100

f-actin

A ER IS Y IR = L i A = R/ W (T

4 F % (weight gain rate, WGR, %)=100x(K
Y E ) ¥ ) ) 34

728 42 K K (specific growth rate, SGR, %d)=
100x(In AR HE—~In 973 5 )/1R 57 KEL,

M 80K (protein efficiency ratio, PER, %)=
100 (L& A AR H — ) 4 44 1)/ () RH 5 B B > B 11 BT
),

& iR (lipid efficiency ratio, LER, %)=100x
(R E W IR AR /(R & < AR 17 & &);

B UTELR (lipid deposition rates, LDR, %)=

CR Y8 <2 fa ] 17— 150 51 <) 46 6 Bg 10 )/~ 21 B
J2 A S B a5 s

1Ak} 2 %l (feed conversion ratio, FCR)=$5% £ 1]
B /(AR E W) G A ),

%K (feed intake, FI, %d)=100x i fmEHE A
/(WG fO AR F A+ ZOR MR R )2 <575 KK s

JTE K (survival rate, SR, %)=100x3L55 2%
£ FE A/ S5 95 T b 1) £ R A



55 9 3] AR S

TR 90 v A L RO B2 B R Ay BRE R 4 A P RE

JHF U A S A 438 35 BT 1 52 i 1083

FFA L (hepatosomatic index, HSI, %)=100xJif
JU A

IE{A Lt (viscerosomatic index, VSI, %)=100x
PRI U 1T /AR o

JIE 3% J& (condition factor, CF, g/cm’)=100xA
/K

7 i Et (mesenteric fat index, MFI, %)=100x}}#%
F AR D7 /A

J1& WAL AE 5 7 1= (abdominal muscle ether extract
content, AMEEC, %)=100x /LA A5 5 &% w /WL K
g
1.5 #ESIT

S 95 KR Y LAV (B 45 o 1R (X£SE) R OR,
JH SPSS 26.0 43 # 3K A #E 47 B &R O 22 43 i
(one-way ANOVA, LSD), A7 R #FH 25, N
KM Turkey 2 #E1T 2 W LL#2, P<0.05 IR 2 5
W,

2 HRE5SH

21 BHREBAWMEERKEETH

MR 3 AL, BEAE RDEERLAG 7 /K- 1 2 i
=, 44LiE A WGR il SR JC i & 7484k (P>0.05).
5 EES~EE12 41 4H X, EE16~EE20 41 FI .35 %k (P<
0.05), FCR 1 EE14~EE20 41 1. 35 1 [ (P<0.05)
22 BLREBARRGRESZETH

i3 4 AJ 1, HSI. AMEEC FfifalRFHLIE 7 i
T 2RI m B, 5 EE12 AMIT,
EE10. EE14~EE20 41 AMEEC .2 T} %5 (P<0.05),
EES 4 JC i} & P 22 5 (P>0.05); EE16~EE20 4 HSI
% THiE (P<0.05), 5 H A4 Tt W # M= &
(P>0.05). VSI F1 MFI FifiZ5 falBHEL A 5 7K STt
MK, 5 EES~EE12 414 I, EE14~EE20 4 VSI
B R (P<0.05), EE16~EE20 41 MFI i &4k
(P<0.05). 4541 CF Jo i #4257 (P>0.05),

x3 BPHREBEARSEERKEREW

Tab.3 Changes in growth performance and fish morphology of Epinephelus fuscoguttatus @ xEpinephelus lanceolatus &

n=3; x£SE
205 group Ki/g FBW B4R /% WGR FEW#/% SR B F(%/d) FI Tkl Z %L FCR
EES 51.14+1.88 272.92+13.76 98.89+1.11 1.12£0.03* 0.98+0.02°
EE10 50.21+0.83 266.02+6.09 97.78+2.22 1.03+0.01% 0.92+0.02%
EEI2 50.00+1.81 264.75+13.32 100.000.00 1.03£0.03" 0.91+0.01°
EE14 50.40+1.21 267.56+8.95 100.00+£0.00 0.98+0.01% 0.86+0.00*
EE16 47.00+1.86 242.84+13.49 97.78=1.11 0.91+0.02° 0.85+0.02"
EE18 51.53+0.49 275.92+3.59 98.89+1.11 0.93+0.01° 0.81+0.01¢
EE20 49.31+0.60 259.70+4.40 100.00+0.00 0.90+0.02¢ 0.80:£0.01¢
e RIFVEE AR R 378 41 E A7 4 835 22 5+(P<0.05).
Note: Values in each column with different superscripts are significantly different (P<0.05).
x4 BDHEEEAHEEEFETL
Tab. 4 Variation in growth performance of Epinephelus fuscoguttatus ¢ x Epinepheluslanceolatus &
n=3; x£SE
415 group S E/%HST JEAA E/% VST JEWBE CF J i /% MFI T UKL 17 /% AMEEC

EES 3.03+0.12% 9.81+0.23° 3.14+0.08 0.77+0.06° 8.35+0.18%

EEI10 3.07+0.32% 9.31+0.34° 3.14+0.08 0.77+0.06° 9.53+0.21¢

EE12 2.84+0.22¢ 9.80+0.26° 3.27+0.13 1.0240.06° 7.20£0.09°

EE14 3.50+0.23%° 11.61+0.28° 3.22+0.17 1.43+0.07° 11.42+0.26°

EE16 3.93+0.23% 11.66+0.32° 3.20+0.13 1.7240.04" 11.14+0.27%

EE18 4.04+0.18% 12.44+0.40° 2.94+0.08 1.86+0.15° 13.38+0.25°

EE20 4.28+0.34° 13.64+0.47° 2.80+0.13 1.94+0.10° 14.71£0.47*

e BB bR AS TR 2 4H TR A7 AE B 3 2% 5 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).



1084 Hh [ K R A

%30 &

23 BHILBAREEFRYRMEMRARETH
2 5 ", 441 LDR JCib &R P>
0.05). 5 EE8~EE12 #Z{fH I, LER 7E EE16~EE20

x5 BPHREEAREERVENEMAREEN
Tab. 5 Variation in nutrient efficiency and sedimentation
rates in Epinephelus fuscoguttatus ¢ x Epinephelus

lanceolatus &
n=3; x£SE

205 BRI/ %  IRNIRCR/% BEATROR/%
group LDR LER PER

EE8 64.91+1.86 12.61+0.26* 2.09+0.04¢
EE10 71.66+2.97 11.47+0.26° 2.2740.05¢
EEI2 59.13+0.44 8.59+0.10° 2.28+0.03¢
EE14 72.47+4.76 8.25+0.03¢ 2.41+0.01%
EE16 64.43+3.59 6.98+0.13¢ 2.40+0.04%
EE18 69.05+3.21 6.81+0.06% 2.49+0.02%
EE20 66.08+2.04 6.09+0.11° 2.62+0.05°

W [RGB b bR AS TR 3 2H TR A7 4E B 3 2% 55 (P<0.05).
Note: Values in each column with different superscripts are
significantly different (P<0.05).

2H @ 3 5 %(P<0.05); EE18 . EE20 41 PER & # T}
7 (P<0.05)
2.4 IR KIBA B i A TR A4 L IE 4R

% 6 nlH, BEEWEDHLIR I P2, 2541
) TG. ALT #1 HDL-C JC I & M2 %(P>0.05),
BRI E Y, 5 EE12 4141k, EES.
EE10. EEI8 #1 EE20 4 f4 T-CHO &% T} &
(P<0.05)., EEI12 #if#%) LDL-C Z3E{XT EE18 41
(P<0.05), 5HAh e o & P2 7 (P>0.05), EE20
Yy AST I 275 T HAh 45 4H(P<0.05),
2.5 BLREBAEFRERSLEE

& 7 vlAL, BEE EDRLIR I P2, 254
T-AOC #1 ROS JC it 1 2% 5 (P>0.05), 5 EEI12
ZHAH L, EE16-EE20 411 GSH-PX il P g 35 1
B A% (P<0.05), HoAth 41 JC & 3 7 22 5 (P>0.05) .
EE12 4 MDA % & i %I T EE20 41(P<0.05), 5
HAth 2l G 35 1 22 5#(P>0.05)

*6 BREEAMEMNFEEENERETL
Tab. 6 Serum physiological and biochemical index changes in
Epinephelus fuscoguttatus @ x Epinephelus lanceolatus &

n=3; x£SE
Ao Hh = EE SR R R IR E B AR AR R R R RITARR AL AR AL R i/
group (mmol/L) TG (mmol/L) T-CHO (mmol/L) HDL-C (mmol/L) LDL-C (U/L) AST (U/L) ALT
EES 0.99+0.03 7.52+0.39° 3.08+0.30 6.15+0.48™ 13.75+1.59° 153.77+3.28
EE10  0.97+0.05 5.76+0.56" 3.53+0.28 4.14+0.30° 14.29+1.91° 169.23+11.21
EEI12  1.09+0.04 3.67+0.23¢ 2.59+0.19 4.63+0.47° 14.71+0.98° 152.25+1.53
EE14  1.14+0.08 3.64+0.20¢ 2.7140.17 5.41£0.58% 9.45+0.63" 158.08+5.68
EEI6  0.84+0.05 4.04+0.19% 2.96+0.22 6.03+0.90% 12.99+0.67° 142.87+6.57
EEI8  0.89+0.09 5.69+0.83% 3.60+0.40 8.04+1.23° 14.51+0.73° 149.84+13.02
EE20  0.81x0.16 11.26+0.32° 3.760.26 3.90£0.70° 24.91+4.20° 142.50+2.02
e FGVEAE AR AN R 3 20 (B A7 7 b 35 25 5 (P<0.05).
Note: Values in each column with different superscripts are significantly different (P<0.05).
R7T BLREBAWMGMERELEE
Tab. 7 Liver antioxidant capacity of Epinephelus fuscoguttatus ¢ x Epinephelus lanceolatus &
n=3; X+SE

205 group EBTASLAE I /(mmol/gprot) T-AOC A H I E b H#/(U/mg) GSH-PX N —[#/(nmol/mgprot) MDA  {ifi:4/(1U/mL) ROS

EES8 0.21+0.01 57.48+1.85° 7.45+0.24% 1023.19+55.69
EE10 0.22+0.00 50.99+8.29% 7.47+0.34% 1027.71+33.56
EE12 0.23+0.00 53.60+3.03° 6.71+0.27° 974.58+41.43
EE14 0.23+0.00 50.36+7.88% 7.15+0.54° 1017.29+40.82
EE16 0.21+0.01 24.61+5.29% 8.48+0.54% 1158.26+67.65
EE18 0.22+0.00 20.82+1.54° 7.30+0.17% 1025.97+31.65
EE20 0.22+0.00 26.02+2.90" 9.38+0.57" 1134.31+77.53

e B bR AS TR 3 41 TR A7 AE B 3 2% 5 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).
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2.6 ELREBANEFHEALRSE

Bl 12 FE H&E B )] Bl (1a) sk ] image
Pro plus 6.0 X} H&E Y317 sk gi it 51 5 1)
HIEE (1b), NEFRILIE L, 5 EE12 4L,
EES. EE10. EE14~EE20 41 1a) kI8 2 2k i i0
A BE A P JF I 200 R e A, 40 A ) 40 i 25 4% B,

[ 5 50N 0 40 o et v /b, HOGRZ AN 2, 40
ML B 2 2 WAk, Bl 1a AT, BE12 ZHAY %S
Ak AL KT EE8. EE16~EE20 41(P<0.05),
5 EE10 #il EE14 470 1 % 1 25 5% (P>0.05). KM
image Pro plus 6.0 XJJH£L O Yt d) it 47 &5
TR 2)53 2R, B P AR 7 9 T s, JHEE

e

—
D 0 O
S O© O

o

bH&EARNT 2 AL A%
H&E relative vacuoles areas
SRS
=T -]

B 1 GaDROLIG 05 %0 22 BR e B A B £ T FE T 25 1 52 0
a. JIF/E H&E e U) F; b, ATIE H&E Be (o iy 23 i AL i A
N: gifd; Vo wiafh. AR AR AN IR R 4 ) A7 A 1 3 22 55 (P<0.05).
Fig. 1 Influence of dietary crude fat on liver morphology of Epinephelus fuscoguttatus @ * Epinephelus lanceolatus &

a. Liver H&E stained section; b. Area of vacuolisation in liver H&E staining.
N: nuclei; V: vacuolisation. Values in each column with different superscripts are significantly different (P<0.05).

—
S

THEL OB ARXT TR/ %
oil red O lipid droplet
relative area %

o
&

2 GEDRDHLAR 07 %o 22 2k e RE A7 SR £ T A T 3R BR A
a. MMLL O Pl A b, LT O Yo rh B G T AH X T FR.
HORAG £ 200, Ld: JETH. AL BB B AR 7 3 7R 4 [ AE7E W 35 25 53 (P<0.05).
Fig. 2 Effect of dietary crude fat on accumulation of lipid droplets in the liver of
Epinephelus fuscoguttatus @ * Epinephelus lanceolatus &
a. Oil red O stained section; b. Relative area of lipid droplets in oil red O staining.
Magnification 200x%, Ld: lipid droplets. Values in each column with different superscripts are significantly different (P<0.05).
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BT = 2SS TS E TS, BE12 41 E 4 i
JI& T B 35K T EE8 . EE16~EE20 4H(P<0.05), 5
EE10 #l EE14 41 Jc i &M 2 % (P>0.05),

27 BHREBAMGHEERHERREZEN
=

i & 3 AN, BEE TRDEDRLAR 7 0 T, gopd

6gpd . me. cpt-1 Fl ppara FixtF ik LT F#
#, EE18 il EE20 411 me Al cpt-1 AN} Fih & i
Z i T HA 4 (P<0.05); EE20 214 g6pd (1A%
AR5 T EES~EEL6 41(P<0.05), 5 EE18 41
TG i #E1E 2 T (P>0.05); EE20 2H 1Y 6gpd HIFH R

BB FEST EE8 Ml EEL0 4(P<0.05), 5
EE12~EE18 #1722 % (P>0.05); EE20 ZH11
ppara WIMIXTREE W FH ST EES~EE14 4
(P<0.05), 5 EE16 Ml EE18 HIL B EMEZER
(P>0.05). EES #1 EE12 ZH1Y fas AHX ik &
B T HABZH (P<0.05), srebp-1 FI apob-100 fIFEXT
ek i B A RRLAR B 00 s 2 BT O Ak A
EES8 40 srebp-1 MIXf £k B2 & T EEI8 Al
EE20 4H(P<0.05), 5 EE10~EE16 40 JC i F 1k % H
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Fig. 3 Expression of liver-associated lipid metabolism genes
Values with different superscripts are significantly different (P<0.05).
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Effects of short-term high-fat stress on growth performance, liver
health, and lipid metabolism genes in Epinephelus fuscoguttatus @ x E.
lanceolatus &

LIAO Chunyan' 2, GAO Wenhao" % LI Jiahui"?, CHI Shuyan"*

1. School of Aquatic Sciences, Guangdong Ocean University, Zhanjiang 524088, China;
2. Laboratory of Aquatic Animal Nutrition and Feed, Guangdong Ocean University, Zhanjiang 524088, China

Abstract: The aim of this experiment was to investigate the effects of high-fat diets on the short-term growth
performance and antioxidant capacity of pearl grouper to help formulators and farmers anticipate the possible
negative effects of high-fat diets on grouper growth and take effective measures in the formulation and feeding
schedule of high-fat diets. Seven groups of isonitrogenous diets with fat levels of 8% (EES8), 10% (EE10), 12%
(EE12), 14% (EE14), 16% (EE16), 18% (EE18), and 20% (EE20) were fed to pearl grouper (initial mean weight:
13.70+0.01g) for 4 weeks with a crude protein level of 48%. The experimental results showed no significant
change in weight gain rate (WGR) and survival rate (SR) as the level of dietary ether extract increased (P>0.05),
while the feed intake was significantly lower in the EE14-EE20 group (P<0.05); further, the viscerosomatic index
(VSI) and protein efficiency ratio (PER) increased significantly (P<0.05) after the dietary ether extract exceeded
16%. The EE14-EE20 group had a significantly higher abdominal muscle ether extract (AMEEC) (P<0.05), and
the EE16-EE20 group had a significantly greater hepatosomatic index (HSI) (P<0.05). Compared to the EE12
group, total cholesterol (T-CHO) was significantly higher in the EE8, EE10, EE18, and EE20 groups (P<0.05);
glutathione peroxidase (GSH-PX) activity was significantly lower in the EEI16-EE20 group (P<0.05);
malondialdehyde (MDA) content was significantly higher in the EE20 group (P<0.05); and vacuolated area and
hepatocytes in the EE8 and EE16-EE20 groups’ lipid droplet amount were significantly increased (P<0.05). The
relative expression of the lipid synthesis genes gbpd, 6gpd, and me was significantly increased in the EE20 group
(P<0.05), and the lipolytic genes cpt-1 and ppara were significantly increased in the EE16-EE20 group (P<0.05).
The results have shown that dietary ether extract above 16.77% causes fatty deposits in the liver of pearl
amberjack, reducing the liver’s antioxidant capacity and impairing liver health.

Key words: Epinephelus fuscoguttatus @ * E. lanceolatus J; high-fat diet; growth performance; antioxidant
capacity; Lipid metabolism
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