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BE: RFEA RV RE IR S KX FLE € X R (Litopenaeus vannamei)"E AR YERERIRZNE, LUK (A B & &
h 37%, FEFARRE oA 20.23 mg/kI M AADEME X BRALIRURH(C), FEILEERE T 43 50 38 o 3 o i Rk oK b & BRI
R R AR K, HIAVERRHE AR LAY B 19.51 me/k) (hERKAL G W4, MC). 18.85 mg/k] (kK bL&4)
2, HC). 19.45 mg/kJ ("F g4, MLYFN 18.54 mg/kJ (FifRITAH, HL)AY 4 50504l kl, AEIRKSRAE A T 4R IRV 1R
EE #7(0.6£0.02) g MY FLANEESTERAIAT 56 d., S5 REH, S5XFREAIAEL, 38T RIS I 7KK Rt (2 35 3 1 FLAMIE X i
F A K BE AR (1 BT AR R (P<0.05), HL ZH FLAAIEXT MRS i e e A K R R R A LA R, B e Lok 1k &
WK 3ek PLA e S R i A A M R R B A R OB SR 0 i 2 52 I (P>0.05) . 5% BRALAH HE, ML 41, MC 41 . HC 4 X} UF
WL R (1 i B & 5215 (P<0.05), HL ZXHIFALMH R A & B0 A A rit m, (HER AR E(P>0.05), XFURAL
P2k JIB I 2 D) it 5 A e R ek K P R i 1 B I 5 (P>0.05), ML 4. HL 40 . MC 4. HC 41 %F SR FT 3 i 25 11 1
I 05 i 175 ek A XoF 1R 2 447 B 5 1A T (P<0.05) . MIC 2H 5 HC 20 X6 MR T i MR 3 oy 06 2k 3 28 v T o B 4HL(P>0.05), ML 41
55 HL 4 %] W JFF 8 B 5 0 il 056 P A R 2 T W vk 25 5 (P>0.05) . SR FRAAAR L, 72 R — B8 117K 7 T 48 5 R Ag 17 7k
-2 S O I L5 25 TR R (GP T B H il = 6 (TG) & i B 3 T (P<0.05), [RIHE HL 4060 il 75 45 5 1 2
(GOT)fi M3 % HE A 18 35 3 155 (P<0.05), 42 i i ki K Ak & W0 K [ BE S 3R T X RIS GPT 6PES TG & &
(P<0.05), {AX M GOT §ifPEJC B &M Wi (P>0.05). HFEEFKFE T, ML 45 HL 244 HF i 7 B2 g B o9 — &
(MDA) 2 1 35 5 X IR 41 (P<0.05), MC 415 HC X HF L35 K AT IR MDA 5 500 IR 41 5 3 1 %5 (P<0.05), HC
H5 HL 41X L 75 B B R I (AKP) T M 35 5 T % IR 4 (P<0.05); SX FRALAR LL, $5 w0 4Dkl i 17 7K 1 B o 5 2
T X B 0375 S e AR ) B R RE 1 (T-AOC), TR & RUEHMBOK L& B K42 T, XTER g T-AOC 142147, A
IR T-AOC S ILSETHE FE#a 3 (P<0.05), T8 /L S BE(CAT) R BLAGIHE G THI# 3 (P<0.05), 45RFMH, AW &
PETRERIE I &N 9.59%, EARER LN 18.54 mg/k] 2H FLAN B AT MR FE 0 S A A K Mg, M LR K AL &4, N
I B 33 TR g L v ot 0 P e e B ) I

KR JLNEXAF; J&WT; BOKALEY), EHARER L, A KYERE: & AR
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%30 &

PE S T 2 i A ) A BEE (R AS B i U0 e
B BT B, A4S AR A T g,
WL IER ALK, RSP ARERY
He AR Hak o5t K RS e,

A 3N BB 7 5 ik K A6 G P AT AR v e ) 2
PR R R, 30 2 GRDRL R 1 RR LYY ek
WA RHUA R R H RO . e RV T &
AR )RR 1 BRI XY 52 FH BRI & s refe it
2 Eh B (28~30)FEFH 2514 T FLANIE X R (Litopenaeus
vannamei) £ . Ruvalcaba-Marquez 25 1 5
AR E PR A KL 4 AR ARG/
1 BKE AR E K o SR 5 LRI X AR, R B
BRI G Y & 4L UL AR T & ik = 4l
JLEATEXT U R B0 fe AR AR KM RE, MR &= R
B LN XTI AR AR R iR R T . DA TR
F BT 7K 7 FRE W7 7K P 19 ) L ) IR (Cyprinus
carpio), MFEEREAFKET, ik E | mk
1 o0 B DR A D7 KT 16 0 2 e, R
Z BB ARG 5 K B TF B R SRR
T ko as ok A6 G B, ATl B R DR Y 6
(Lateolabrax japonicus) =+ 14 BE 3¢ B H o )5 K&
a0 X B RSRE, $E ER  dE E
[T fig K BE A A AR S DR R B A R S
HAeR AR | g fa KT M IR S YA B V1A G

FLAREEXT R = R R AR A PFIRR 2
—, BAERIIR RTE S, 2021 455K
FEIIAE IR OK FRFE Y PLAN TSI i Bk 1977 k',
IR Xk v 2 1 B R AR A, R E AR
AR AR R T R kR E R R B
LG Pt iRl v 28 5 R RE ) o 1 3 T
YT 2R B 154 SR AAS | R R R
A AT R ke LA B S AR SR A A LUBR G
oK AL A PP mEH (e, R B A MHLE R
It LU PR R TR A2 o IR K I 8 A5 AT LGN T Xt
IRA K . B E BRI SRR, DU R Y R TR K
Fr B FLAN I X U (R A o 5 R AL A R I B

1 MREFE

1.1 AR H &
FR i FLAN XS IR B8 FR e K, B A& &

37%, REMiEr il 6.6%, M IAREE R 20.2 mg/kT [
X IR, e LSl L 2Bl LR I K AL A
PR E A RE R, BRI R AR R B A
19.5 mg/kJ F1 18.5 mg/kJ (1) 4 4RI AR 1),
X BRZH(C). R4 (ML), m A 41(HL) . ik
TKAL A P (MC) LA B e ik KA 10 4 (HC) ] B
() FRE R HL 4 3o 20.23 mg/kT . 19.45 mg/k] |
18.54 mg/kJ, 19.51 mg/kJ F1 18.85 mg/kJ,

B JER A B i I 3 80 H G I, Sy o D
HH FRAEDEHEC 7 B LU AR E IR B GUR B 395, Jam
ANHIE B RIR G5, BHEEKIREYS)EH
LRALHIRL, fRDRHRDRLSE S A LA 90 C
J& B 30 min FF B 0E KA BT o B TRDRHIE
A TR G T 20 CUKFAPRAE -
12 FEEE

MR F 1 370 3% PSR, Tk et hir 3
40 d, FFFEMHIEREREE Ny 5, am it e Wik 20%55
FIH KRB R B EALT 0.5, B —
HHBEW 6K, FELm/bE— MR 4K, W
HW 5. g ln, PRt Pk ER 0.6 g £
A ABEE ELTG J1 4 B4R 1000 R REYL SR T 24
T [A]— 25 /KPR (10 mx5 mx1.5 m)HT A4 20 >
(1 mx1 mx1.2 m)H, &MFE 50 BIF, 251
s Ak, B E 4 AT, BFHS T
7:00, 12:00, 17:00, 22:00 &M 4 &, H#HEWER
R B B 17 0 4% il 78 BR AR E 1Y 5%~8%, FF T4
WHME 2 h JFWUEE B & LARE, TR0 A 5
RS, FRELIRLE 56 d, RIS
B, AR ER KR 4 >6 mg/L, KIR(30+2) C, &
WK, RIEK & A <0.2 mg/L, pH7.8~8.5,
13 HmRE

FEIH SR ZE AT X R 24 h, £ IR XTI
i b5 PR E I A, TR R Y R R 1
R A5 WA R4 B 12 XTI H G B RS A8 TR
SFBUMMKEAET 2 mL 208, MmikE e
4 CF £ 6000 r/min .0 20 min, H 3 TF-80 C
HRAE, R s A A bR o 45 A o
B 6 JBUFRFEBUILA L TR & T 10 mL 5.0
B, T80 CHYRAE, 43 F T L PR 20 B
Ko T T O A i M b AR A O M . BT A BRURE
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Tab.1 Compositionsand nutritional contents of the experimental diets
%
ZH51 treatment group
51 ingredient L) g7 4 gk ik
4 (ML) HAHL)  EWAHAMC) LA WAMEC)
REEMIE protein mixture® 58 58 58 58 58
a-JEM o-starch 3 3 3 7 11.9
i flour 20.8 20.4 20.7 21.3 20.9
48K cellulose 9 7.4 5.1 4.5 0
EATNE oil mixture® 1.9 3.9 5.9 1.9 1.9
Wi —E45 Ca(H,PO,), 2 2 2 2 2
YFZH" mineral mixture® 1.5 1.5 1.5 1.5 1.5
WFZ 4 vitamin mixture® 1 1 1 1 1
SALABFE choline chloride 0.3 0.3 0.3 0.3 0.3
40 squid paste 2 2 2 2 2
A5 Y05 0.5 0.5 0.5 0.5 0.5
Mt total 100 100 100 100 100
H IR (T 5 %) nutritional composition (dry matter %)
JK43 moisture 6.98 7.40 7.32 7.11 7.22
HMIFEH crude protein 37.56 37.29 36.96 37.56 37.03
BT crude lipid 6.56 8.21 9.59 6.15 6.13
JE4Y ash 9.03 9.18 9.38 9.02 9.09
M BE(kJ/g) total energy 18.56 19.16 19.94 19.25 19.64
75 H B [t (mg/kJ) protein energy ratio 20.23 19.45 18.54 19.51 18.85

W oa IREEATEH AR (32.8%), KHI(6.6%), THI(32.8%), EAEKI(13.1%), FKE 1K (6.6%), MK (4.9%), MR EE(3.2%)4 L.
b. IRAMAE Ak S KRR IR IR A T A, o IR 207 A 4Eit ARG A ), B9 3h BUR R kg 'h 8 Ca (CaCly) 10.5 g, K (KCI)
90 g, Mg (MgS04-H,0) 12 g, Fe (FeSO4) 1.0 g, Cu (CuSOy4) 3.0 g, Zn (ZnSO,4) 10 g, Mn (MnSO,) 3.8 g, Co (CoCl,) 0.8 g, Se (Na,SeO3)
20 mg. d UF 24k A 4ETE ARG R, 4E2E ZBURRHE T 709 & VA 8000000 TU, VD 2000000 TU, VE 50 g, VK 10 g, VB, 5 g, VB,
158, VB8 g, VB, 0.02 g, MELRE 40 g, D-IZ 245 25 ¢, MR 2.5g, EWFE 0.08 g, L 100 g.

Note: a. The protein mixture is consisted of fish meal (32.8%), meat meal (6.6%), soybean meal (32.8%), peanut meal (13.1%), corn protein
meal (6.6%), blood meal (4.9%), and brewer’s yeast (3.2%). b. The oil mixture contains fish oil, soybean oil, and soy lecithin oil. c. Mineral
premix purchased from Weinuo Public Raising Co., LTD, contained the following mineral premix per kg: Ca(CaCl2) 10.5 g, K (KCl) 90 g,
Mg (MgS04-H20) 12 g, Fe (FeSO4) 1.0 g, Cu (CuSO4) 3.0 g, Zn (ZnSO4) 10 g, Mn (MnS0O4) 3.8 g, Co (CoCI2) 0.8 g, Se (Na2Se0O3) 20 mg.
d. Vitamin premix purchased from Wino Public Nutrition Co., LTD, contained the following per kg of vitamin premix: VA 8000000 IU, VD
2 000000 IU, VE 50 g, VK 10 g, VB, 5 g, VB, 15 g, VB4 8 g, VB, 0.02 g, nicotinamide 40 g, calcium pantothenate 25 g, folic acid 2.5 g,
D-Biotin 0.08 g, inositol 100 g.

Y BRI R SE S W AG B A 2 B 2
FE I SN AT S B R
1.4 HSR&N5 5

ARFE IR AT

AL K SR=100xN,/Ny;

4 HF: WGR=100x (W~ W)/ Wy;

FPE A KR SGR=100x(InW,—InWy)/t;

Tkt R FCR=4% £ 1Rl -4 Jot o i /(&
RE - IR E);

AR PER=100x(4 K M # -] 4 M

T )/CE B < e R R T D)

IR PR=100x {4 5 /4 1 3 2/ 7%
SR
X, N (B N (F8)73 3l Ay 52 56 R 391 A0 4] S A
AIFETR G W, () Wo (2)73 ) R S B A A 4 14
SERIR TR ; ¢ (d) g SEE

Uk SN NSRS W s T 3 N AR R7
I )Rk B LA oL 2R 11 7% 52 (GB/T  6432-20138);
K AT — B 0 LA vh S8 D5 % & (GB/T
6433-2006); TR RS 7 5ok R g ik
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W5 (GB/T 6433-2006); K432k H 5 3 b 1y e vk
W 5E (GB/T 6438-2007); 7K 73R FH L~ H 2k U
5E (GB/T 6435-2014),

M7 BB AL A bR : i A HER /K
72 1:9 (W: VAP, IPRSIRIE T 12000 r/min,
4 CTFE.L 10 min, B EWERATIE ., B
M A 2% Cupp-Enyard" 105, AR
BTG . TEREE . T-AOC, MDA, CAT % B it
ARG G UL B E . i T-AOC. MDA,
AKP., GPT. GOT. TG ¥ {8 5 5t a8 ui i 75 & i B
B E
1.5 HFEAES5IT

S 5 SR H SR BT H Kb v R (X £SE)
AFER, FEPE#F SPSS 23.0 A3rHraR A4 i) p
K& 7 2247 M1 (one-way ANOVA)FI Duncan [KZ£
IR kAT 25 5 W oE YA, P<0.05 WISh 2257
WE,

2 HREHH

21 AREARGEEFERELKETNHEIRE
KHEBERIR M

TEXT BEARRE LA 43500 LA 5 s K4k & 9
TR &, X FLANIE X MR SR A A7 TG H 0 B
SR (P>0.05) (3 2), SXTIEZH C MHEL, LIIBWE N
e RS THA RHRE M A9 ML 5 HL 40 )L i i

B R R A KR i E R TH(P<0.05), HL 413
U B R E R R R ROR, LUKt
AE B R THARIBE(E A MC 5 HC 41 L4 X} iR
A KPR S 6 IR AL AH TG B 3 AR 1B(P>0.05) . ML
5 HL X IRAL C Tkl R 50U E FEAIR(P<0.05),
1M MC 5 HC Ak R BSR4 C TR
ZE 5 (P>0.05) Bl RURHAR M K P8 T, FLANiE
X MR A pD R 2 T TR e AR 1 B TR R R
(P<0.05), LA HL 24 1 Buscs Mok A Ui i
o BT IK AL G KT, XTI DR
JE %5 B BT BB A IR e R
(P>0.05), A5 ERM, FEAMUEEE A RERE LT,
ML 415 MC 4. HL 414 HC AR =1
AR MR I A R TTBUR(P<0.05),
22 AREARAEETREREKEX N HET AT
R AR H L B R RO R

Xt RAAE L, DU Dtk K46 &Y b e i
VR A TR RE A, X HR T AR vh AR S R
I PR B 2 42 TH(P<0.05); LABK K AL ) 4 BE 12 5
PETHARLBE(E, 34 Al 2 2 B T 6T AR I R R U ) it
T (P<0.05); ML 2H X 0F 22 30 M o s I R 2 P
il M, L 6] R T J Py it % 4 e i (3% 3)
EFPUARE A fE R LT, ML 4% MC 4. HL
i HC 413 HA 0w i8R S 06 e T 1
SR ) JE A9 il 5 1 (P<0.05)

&2 AREAREER R HE KT XN 408X R 4 K EE R 2

Tab.2 Effectsof dietary energy sources and levels on growth performance of Litopenaeus vannamei

n=4; x +SE
AR parameter %] treatment group
C ML HL MC HC

L5 % /% SR 98.50+1.91 98.50+1.91 98.00+2.83 96.00+3.65 94.50+5.00
KRIEFTE/g FBW 11.28+0.54° 12.24+0.42° 13.84+0.06" 11.10+0.41° 11.35+0.24°

1 H /% WGR 1779.38+89.98° 1 939.23+70.67" 2206.17+11.35* 1 750.80+67.80° 1 792.68+40.65°
FEE K %/% SGR 5.33+0.09° 5.48+0.06 5.71£0.01° 5.30+0.06° 5.35+0.04°

Tkl 240 FCR 1.51+0.08* 1.3940.05° 1.2240.01° 1.54+0.06 1.50+0.05°

B HDIRE/% PR 29.79+0.80° 33.41+0.65° 37.41+0.11° 30.44+0.71° 31.19+0.41°

HH BAUR/% PER 1.76£0.03° 1.93+0.03° 2.18+0.03* 1.74£0.03° 1.79+0.03¢

W F—A7 A F/NG FhEFR IR 22 5 3 (P<0.05). C: XFHEL; ML: HigWi4H; HL: mAgHi4; MC: shikib-& ¥4, HC: mikKIiLE

Y.

Note: Different lowercase letters in the same line mean significant differences (P<0.05). SR: survival rate; FBW: final body weight; WGR:
weight gain rate; SGR: specific growth rate; FCR: feed conversion ratio; PDR: protein deposition rate; PER: protein efficiency ratio; C:
control group; ML: medium lipid group; HL: high lipid group; MC: medium carbohydrate group; HC: high carbohydrate group.
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Tab.3 Effectsof dietary energy sourcesand levels on digestive enzyme activities in hepatopancreas of Litopenaeus vannamei

n=4; x £SE
I K45HF parameter 15| treatment group
C ML HL MC HC
#E M §/(U/mg prot) protease 2.34+0.05°¢ 3.50+0.08" 3.38+0.09° 2.62+0.10° 3.28+0.04°
JEHYE/(U/mg prot) amylase 5.57+0.16" 5.63+0.17° 5.61£0.16° 6.70+0.17* 6.87+0.19*
JIg 5§/ (U/g prot) lipase 0.78+0.09° 1.95+0.15° 2.18+0.17° 1.42+0.14° 1.36+0.09"

e [l — AT AN F/ING FREFR R 25 57 W3 (P<0.05), C: X #41; ML:

Y.

R4 HL: SARI4L, MC: ok a4, HC: miskK b

Note: Different lowercase letters in the same line mean significant differences (P<0.05). C: control group; ML: medium lipid group; HL: high
lipid group; MC: medium carbohydrate group; HC: high carbohydrate group.

23 AEfAR g EiE K& HKE N HIEXTERAL
AENE AR BN

X RRAUAH L, LURS 5 ok B 1 VR B2 TR A g
(B T 38 35 4R T PL A o R L PR REL B 1 A R IR
H(P<0.05); LAk KAk A9 ok 6 it U5 42 TH 1A B e
(B ] 8 25 4R TF LA e 3o iR LY RE 17 OML 2
JE 5 (P<0.05)(K 4). EAHRUAARLE FHRER LT,
ML 4% MC 4, HL 415 HC IR AL AL 2
B E M2 F(P>0.05), ML 4% MC 44 %}iIF
WLIALEUR I 5 5 AR (P<0.05) 0

24 KRR R gE 2R K H oK 3¢ N 40E X 4 1
B IR FRRI 2

x4, LU DUk K46 &Y b e
JRIRTHADRLBE(E, XTURILYE T GPT 1§ & TG &
P ERTE(P<0.05)(FF 5). FERRM T IndlH,
HL 41175 GOT if M 3 i T % IR 4H (P<0.05);
TERRKAL S BIINgE R, MC 415 HC 4% GOT
TP 55 0] HRZH TG Wik 35 22 5% (P>0.05) o TEAH UL ] L 2
FAER R, ML 0% MC 4H, HL 0% HC 26 %} iF
MEH TG 7 &8 5 5 /(P<0.05).

x4 FREERBERFRREKEXFLAEERILAE TR S0 (TFIR)

Tab.4 Effectsof dietary energy sourcesand levels on muscular composition of Litopenaeus vannamei (dry matter)

n=4; x £SE
LA & 35 54y 243 treatment group
parameters C ML HL MC HC
7K4¥ moisture 77.39+0.41 77.68+0.14 75.84+1.03 77.68+0.95 77.770.08
ML F crude protein 84.65+0.45" 87.02+0.51° 85.92+0.23% 87.62+0.68° 87.50+0.31°
BRI total lipid 3.58+0.08° 4.43+0.06° 5.51+0.18" 5.66+0.03" 5.70+0.13°
K4 ash 6.14+0.09 6.31+0.06 6.21+0.10 6.36+0.02 6.33+0.13

W —ATARRE/NG FRERR 22 5 1 3 (P<0.05). C: X fE4l; ML:

Y.

TEIE; HL: miNigH; MC: iRKILEWH; HC: mkiLs

Note: Different lowercase letters in the same line mean significant differences (P<0.05). C: control group; ML: medium lipid group; HL: high
lipid group; MC: medium carbohydrate group; HC: high carbohydrate group.

R5 AEEAREEERREEKEX N HEXTER M £ 4 IEFRE 0

Tab.5 Effectsof dietary energy sourcesand levels on serum biochemical parameters of Litopenaeus vannamei

n=4; X =SE
L3 A AL B 25 treatment group
serum parameters C ML HL MC HC
AN A MI(U/L) GPT 80.07+1.00° 86.98+0.97* 84.98+0.93* 86.49+1.77° 86.16+2.11°
A WG i (U/L) GOT 40.56+0.99" 42.71+0.92° 46.50+0.81* 41.81+0.89° 42.20+0.99°
H 7l =& (mmol/L) TG 0.30+0.01° 0.60+0.02° 0.89+0.01* 0.55+0.01¢ 0.70+0.02°

=47 AN /NG FREFR R 22 57 W3 (P<0.05). C: X R4l; ML:

Yyl

TIRIIAL; HL: SR, MC: PR a4l HC: Rk b a

Note: Different lowercase letters in the same line mean significant differences (P<0.05). C: control group; ML: medium lipid group; HL: high
lipid group; MC: medium carbohydrate group; HC: high carbohydrate group.
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25 A[EfEAR g EE & HAKEXS N 40E X3 4R i
B R ATER AR L AL BE ST RN
EXTRRAUAR L, DURS I sl ik K AL & 9 ok fig
JEAR TR BB, XFUFIMyE T AY T-AOC 7K &
MDA &84 i TH(P<0.05), H.FEE kel
T Z W K (£ 6). AKP 1% PELE HL 415 HC
2l B S R (P<0.05) . AR FRER LT,
FH AR B AR T, X IR 5 Ak K Ak & W i il 3
T-AOC 7KV B 5 (P<0.05); 5 HC 410k, HL 41%}
R IfIL 3 P MDA 54 & AKP 3% 1 57 75 (P<0.05) .

Xt R LG, LLRS 7 A AE R 4R T R g
{8, FLANTESTERIT IR T-AOC /K-, CAT 7 K
MDA & 5 34 B ) R} B 05 25 £ 0 3G 3 4R
(P<0.05); DUf/K Ak G 9 fie it VR £ -1 Rk i
FUANTESTIF AR T-AOC /K-S BLSCTH R R A8
11(P<0.05), CAT %P BCRE 5 TH AR (P<0.05),
MDA 5 2 WU B G5 R ik KAk A 0 5 o 0 38 T e 2
HEN(P<0.05). FEAHMRIAEALE FIRE S LR, AH Hoik
IKACE W, VARG 5 A fE 8 PR A X R AT g Al HL AT o
1 T-AOC /K . MDA &= DL J CAT §i (R 6).

*6 ARARGEERERREKENALMESIFLERFREEREL. FHRERBIERHZNE
Tab.6 Effectsof dietary energy sourcesand levels on serum, hepatopancreatic antioxidant and
non-specificimmune parameter s of Litopenaeus vannamei

n=4; X +SE
K FEFR parameter FLB reatment group
C ML HL MC HC
M. serum
Bt E AL g /1/(umol/mL) T-AOC 0.61+0.03¢ 1.05+0.09° 1.84+0.05" 2.06+0.03" 2.13+0.25°
N —[#/(mmol/mL) MDA 3.52+0.09° 4.35+0.09¢ 6.94+0.16" 4.91£0.09° 5.65+0.09"
Tl P Wi R E/(U/AL) AKP 15.50+0.37¢ 16.12+0.26 22.58+1.06 15.10+0.47¢ 17.54+0.24°

JIF IR hepatopancreas

B ALEE J1/(umol/g prot) T-AOC 302.34+1.37°

N - /(nmol/mg prot) MDA 2.58+0.06°
i1 & kL S/ (U/mg prot) CAT 2.34+0.06°

332.0242.24°
3.47+0.10°
3.45+0.08°

257.35+2.13¢
3.2440.12°
2.44+0.08°

324.37+2.57°
2.89+0.03¢
2.06+0.05¢

382.19+10.25°
3.89+0.08"
5.16+0.08"

e W=7 AN FRER R 2257 3 (P<0.05). C: XFHRL; ML: "hASH4L; HL: &SRNG4, MC: PRSI, HC: @Siokib s

Yyl

Note: Different lowercase letters in the same line mean significant differences (P<0.05). C: control group; ML: medium lipid group; HL: high
lipid group; MC: medium carbohydrate group; HC: high carbohydrate group.

3 itig
3.1 AEE#RE TR R E KA EIERE K
P RE B R0

WEFE R, DB FRE & 2 & S i R 2R
A Ko HIERHE F UK 35%0, 18/ Mk
AeE T2 & % IR IR (Macrobrachium rosenbergii)
A KRR, Hamidoghli 25O HA S 78 fal kLR 1
FAKFARFE G A0 T, 38 24 4 Dkt RE & 7K P /]
PR LR IR R AR KRR . TEARDESE D,
i 3o B o AR D KPR R I RE R L, W
R T LGN R B A K P RE DL SO DR R
8 ) FH A3 (P<0.05), T 38 3 32 & ik K Ak & 4 K

S REARARDRE R R LR, RS 5 AR W Es
AU AR KO o 3R I ML I X R 7 A7 24H
HREWT . kKA EY) EAAE R 2 5 . A aRIK
G, TEERE D7 B A A SR FLAA T X AR A AL fig
Yy, Jf5 v X R HE B BT R R,
PRAFEAF AR KRR . SERIRAE H A K™ 3h ¥
e ARE . EMEEEKET, HARL
(Macrobrachium nipponense) £+ 1 BEFE 1R KL g B
K B AR R T R R AR A K S T
P Tt 50 [Q R B MR (Procambarus clarkii) )4 & A1
SIS e S S I R 1%~3% H B £
(Ctenopharyngodon idella)i{ﬁ‘@ﬁﬁﬁ@]ﬁ%%%[19]o
4%, 8%. 12%. 16%. 18% 5 MK V-5
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T EHE M ARS8, 16% )8 7 4 A2 52 83 R KM RE B
ET ARG K F 1P, s nl WL, LA R
e R RR (R AE — e B B XA S AR AE K
YRR, BSR4 e 5 1) feid B 7 9 in 2 I AN A
], 7EAREREETS, XHRTGZIHAEE 2R T B
B IR LGE R RER PR . Zhu PRSI, 24K
PRERE D 30 1, [FA—HREABUKFET 60 g/ke
N5 K20 PLEN RS IR AR AL T 80 g/kg . 100 g/kg
BEWIACEAL, SR IAERE D 2 B, 75 38% ., 41%/
R TR T 80 g/kg R K - 4L oF A K AR
T 60 g/kg. 100 g/kg IaMiK P-4 5HALE SR
JE K ST FRFE LGN I X AR A AR E AR 1, A B
ST FLENE B BT DR G 7 K- B o 2% AR
TRk b g 7 5 a2 R 2R A K3 A
5", Zhang 5P R BN, AR RIS I KOF
10%~12% s PLAA I8 %) 05 A < e B BE T 0 R 32
FIA RN o AWEFE B RIS 7 A 9 5
UGB ERARAS T B8 I AR KPR RE DL R B m iy R
F BT, X R BT 5T FIr i i i) de R IR i
JEAF A PLAAEE X IR X e Ak i i i 75 2K

WAL S WIVE R —Fh AR O BE W 5T, DR
Hh 3 S 0 TR AR RE A B 29 R R T L (R k)
YA K BIERT . B 17% . 21%F1 25% 3 Mik/K Ak
G WKV 10 55 A A5 B TR 5E PR B (A canthopagrus
schlegelii) i, fafAR A K PEREF I H Bl AR K
AR - 356 o T S i e P R 3420 AR B K
L EYIKTE R 20%., 27%., 34%. 41%. 48% (%
MEEKTR 48%. 41%. 34%. 27%. 20%) 5
A4l 45 IR 1A R AR MR B e & AR fa (Oreochromis
niloticus Q@ xOreochromis aureus), R K4 FE
1E 41%5K b S AH h R AE, H A KRR
TRIRHRR K 1B P K S 38 w8 i 3 5 B Y 5 g i
AL, WK AL & W TR BB B 3] Ry K 7 3 ) ik fig
VLB & R AE R . SR MAHS T8, HFE
X iR AL A PR R 1 T B4 MK . Rosas 451
BRI GBI B Y& BA R 21%00, FEE
XTHUR(Litopenaeus stylirostris) o Y€ B T 15 210
A, HAA S HRSEH] DR K Ak P 3R B G RE
FfE 1 PR o 28 FLARIE Xt A7 2R P02,

AHIFELL o FE B IR MR, ML IR A
S A TRDURIF AR BG5S B0 A 2L AR R A RCR .
3.2 [E) 4R #BE IR K H K T ot &R B RE AR I 1L B
&5 E R R

JHF 1 fi o B AR 5 SR Y B R B AR, T
T R T P O 1 RE 8 4 B R 8 IR W B AL
WA R RETT o FEABTZE R, FLAN TR IR I i H
Pt % P 32 2 ARk 1 RE R F R, HAS RHE
FEAUE DIFA G o PLANTEEXT I ) JFF D i s o i
P Bl GRDRE I 107 7K T e 25 4R R (P<0.05), X5
Hamidoghli 25UV BIF5E 45 SR ARARL, Ao iR 3 1 32 T
I8 107 B 6 v, LA e X B 7 B0 7 AL fig
1o [RIRE, faPR P S Bk AL & YK, WRER
X B T A3 T I 4 (P<0.055), {ELJiE 493 il 7
MC H1 HC 4[] JC . 3 22 7 (P>0.05), FHIXTHFr]
3 3k i i U A O M A E R K Ak A W R
ERpe 3 S e oKL & P It A REE— 2D 4
o TE A B M, 3K W] RS O AR TE A B M E 226
AN A S, SRR R R B KR TE, AR
R /KA 1 7K F-Hi v ) AR A 75 X AR FE e i s 117
it 15 PE 5 25 = (P<0.05) . X A g & i TUREHE &
B KA S RS, R 2R KA S )
EE L 9 a0 7 NS
BB i 7 B KB o TESh I IR N 2R i
BT LIRR D7 20AE F LR T B3, S5 {2 (i o AR AL
P e S AR T . R R R 0 B
(Epinephelus coioides) Bt 1 i K AL & ) & i
AE 0% S5 i EL o v 9 2R P T R 4R v i
BHIR IV K F- 0] 175 5 H A VE AR e R 2 1 s 1
EREC KRR LAR B AL S P DR IR L
AT AR AR AORL R 1 i R R R
TRDEHIR 7 7K SF- A 2 25 12 i H ASTR R B L L
SEPH ERRGE 5 AT 5T LA T X I LA AL
A SO IR R A T M AR AR, X eT
RE 2 H T 7 i REARDRL BT, AILABOH f it i
— R A N, s fEDRHER B BT T A,
e i B 2 8 1 B HLIA TR AR, TR U 0 B
(Scylla paramamosain)??, #fi" V%5 K A= gy v
AL HGE .
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3.3 A[EA# TR B H K T XF N 44 3R X &R 1 i
4. mMEARIESRERBRIERAFIT

GPT J GOT J& fiL ¢ i i 246 g g, HLAE 1M
YR 1 B T RO I R B Y, 5
[CJREE AR (Procambarus clarkii)IfiliE GPT. GOT ik
PSRRI & i LT R B R
W3, IRK A BEfa (Cichlasoma managuense)
I+ GPT. GOT i&HE ¥R I EFHHLEY, |-
AR IE SAWTTELE RAR, 33X 3 B S e gt rp AR
HEREEY e —EFEE b BEE n ALah i)
RTINS 148, TG S fig BT A B2, A
Hoekah BA PG 3 R 48, Bib IR
PN ()1 22785 370 T3 i 240 7 Lk 2L o A 71,
BRI TG & & SHLAIE I A R BV, Xu
A CTVR BR BE R RLI  KOF- TR, LA X R 4 py
Ji 17 & B 5 ML TG & B s o AR TR R B, 4
FHERL 2R 1 RE I BT K T S8 RE S xR A
NEWI AR R 5 1MLVE TG & & .

MDA N fi5 B A7, Je AN A= A BTtk
PR . VRN PR R G BA LR R
it A YIRE ), 45 SOD. CAT “FHi%afk
it o CAT HA K HyO0 AL I 7K, DT BEL T2
H RSO, 40 52 Ho0, FEVERIAE DS
T-AOC URAMIR G AILRE S, A YR
it 1% 14 55 /NG SR, RE A8 T) 42 B AR ) 1k
THER A M AERIBE o ANEFE T, B TR RE R K
B TE, PLANEE XS BRI G S BR h MDA %
3 T (P<0.05) o 3% AT BE S T PLAR X B 4
AERRT . moKALE WS, B AR DR
FHm, FE— 2T U N IR U A ALK B
B, AE 2% )2 W (Hemibagrus wychioides)®* 5 % 4
(Mylopharyngodon piceus)* fI#F5¢ Hh A7 A LR
oo K W vE an 38 N L 8 & (Salvelinus
fontinalis)*" | ¥ it (Nibea coibor)* . FLA
TR ARG BEsE 1 42 5 11 & SOD., CAT. GPx
SEPUSA LB TG R, LANS i Rk o R KT 1
s R AR B Ak . AR, LRI 4 &
TREHRE RIS, X 8 DR R LA K it 7 Bt S AL RE 15
et m, RUERE T KV TH e 23 S LR
P A B PUEAEE S, LA XA R S R kK

SR 3G o T AR K A A 4 TR B AL, X
ERIFIEAR T-AOC BETRRH K kA 9 K V- T 26
U ST R G . RPN R N A BT AL R S
CAT., SOD., GPx ZZ MY, BIR ma K
LA YA BEAR CAT WG PETH R, (H T-AOC B4
AR (P<0.05), X Al GBS i TRk oK ik &
Y1 7K 2ot v T O R g iR rp R e B SR AL i ST
AL R T REAR T s A, PR, — 2 R A R
IKAE A YK TR BB R = PLAN I X o 1 2 K
Ao AKP 1B /KA Az 9y 1) — T o 2R 15 45 il
4 28 2 240 [0 32 B 45 405 Bt EL 4 R I A It 9 P,
FEABIZED, mREALARNNTE AKP ¥R i
(P<0.05), B 24k b Ak 2R 1 R B 9 T e
Xof R JHF i AR 2 s i — o T, (A AL 2 b Y
AKP [a] X #1109 P R

b B X IR A BT SR A 2 it 3 AR AT AR R RE £
TN — R R FE— a2 R VU LY, BT X AR
(Penaeus monodon) ) AEFEFPE G BEFR AR K BT A ik
EPRBETR K AR B T w1, 53R 6 K
PR SRFE A FLANEE XTI AR e, ER B 18 KM rp 335
(9 FLAN T R S JR A P Y PO\ CAT 3R 33K 7KF,
MAMF PO, SOD 3Pk K F-1 w52y
BT ER B AT DA HOAS Y B R O A PR R 4
W42 F AT AR RE 1T A B A
9%, 12%HF, 3 Fh B KM b 35 5 1) FLARTE 6T AR I i
GOT. GPT G4 25 £h B /KR 258 1 FLAN 52
SHEFRRAR D AHF 98 R HIROK IRFE, 51K I35
FEE, ASBIESE ML v o 0 A 56 B 48 Ak 2 1l v A=
PRFE b 14025 DR 6 B R AT T A R A1

4 i

R W7 8Tk 7K AR A5 W T3 T4 A PLGA I X6 W i)
B REIRYI T, ©E 5w T LR IF my A4 K &
BEEVOR, 18 Y = AR YRR B KT, nT kg
Txss 0 JUL PR AR 1SRN B I K SF-, 4R R IR
R R KT I B v 206 LN TR X I 3 B —
S AR HH I B P9 R Bt A K T
WSS N RRAR DT & i 9.59%, B AR
Foh 18.54 mg/k] 2l LA XT IR R B e fEAE K
PERE
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Effects of dietary energy sources and levels on growth, antioxidant
capacity and protein utilization of Litopenaeus vannamei
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Abstract: Proteins, lipids, and carbohydrates are essential nutrients and main energy sources for the growth and
development of organisms. When dietary protein is excessive, it is metabolized as energy, which not only
increases the organism’s metabolic burden, affecting normal growth, but also causes water pollution through the
discharge of waste products such as ammonia nitrogen. Reasonable use of lipids and carbohydrates can improve
the utilization of dietary protein, save breeding costs, and promote the growth of aquatic animals. To explore the
effects of different energy sources and dictary levels on the growth performance of Litopenaeus vannamei, we
prepared a control diet (C) with 37% protein content and a protein-energy ratio of 20.23 mg/kJ. Four experimental
diets were formulated to investigate the effects of different energy sources and levels on L. vannamei growth.
These diets had protein-energy ratios of 19.51 mg/kJ (medium carbohydrate group, MC), 18.85 mg/kJ (high
carbohydrate group, HC), 19.45 mg/kJ (medium lipid group, ML), and 18.54 mg/kJ (high lipid group, HL). These
ratios were prepared by increasing the dietary energy content through carbohydrates or lipids. Juvenile shrimps,
initially weighing (0.6£0.02) g, were fed these diets for 56 days under freshwater conditions. Before the end of the
experiment, the shrimps underwent a 24-hours fast, followed by weighing and counting after removal from the net
cage to calculate the survival rate, weight gain rate, specific growth rate, feed coefficient, protein efficiency ratio,
and protein deposition rate. The muscle and hepatopancreas were collected from six shrimps in each cage to assess
muscle composition, digestive enzymes (protease, lipase, and amylase), and antioxidant enzyme activities (T-AOC,
MDA, and CAT). Serum samples were collected from 12 shrimps from each cage to determine serum biochemical
indexes (GOT, GPT, and TG), serum antioxidants, and non-specific immune indexes (T-AOC, MDA, and AKP).
The results evidenced that, compared with the control group, increasing dietary lipid levels significantly increased
the growth performance and protein deposition rate of shrimp (P<0.05). The HL group exhibited the highest
specific growth rate and protein deposition rate. Conversely, increasing dietary carbohydrate levels did not
significantly affect shrimp growth and protein deposition rate (P>0.05). These results indicate that L. vannamei
has a strong ability to utilize dietary lipids, and increasing dietary lipid levels can significantly improve both
growth performance and the utilization of dietary protein in L. vannamei. Conversely, increasing dietary
carbohydrate levels has limited effects on the growth and dietary protein utilization of L. vannamei. In terms of
muscle composition, compared with the control group, the ML, MC, and HC groups evidenced significant
increases in crude protein content (P<0.05), while the HL group displayed a slight increase in crude protein
content compared with the control group, although this difference was not significant (P>0.05). The total lipid
content in shrimp muscle increased significantly with the rise in dietary energy levels in all groups (P>0.05). The
ML, HL, MC, and HC groups all demonstrated significantly higher protease and lipase activities in the
hepatopancreas compared with the control group (P<0.05). The hepatopancreas amylase activity of shrimp in MC
and HC groups was significantly higher than that in the control group (P>0.05), but no significant difference was
observed in the activities of amylase in the hepatopancreas of ML and HL groups compared with the control group
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(P>0.05). Increasing dietary lipid levels led to a significant rise in the activity of serum GPT and TG contents
(P<0.05). In addition, HL group demonstrated significantly higher serum GOT activity than the control group
(P<0.05). Increasing dietary carbohydrate levels also significantly increased serum GPT and TG (P<0.05), but had
no significant effect on serum GOT (P>0.05). At the same protein level, ML and HL groups exhibited significantly
higher serum and hepatopancreatic MDA levels than the control group (P<0.05), while MC and HC groups also
had significantly higher serum and hepatopancreatic MDA levels than the control group (P<0.05). In HC and HL
groups, AKP activity was significantly higher than that in the control group (£<0.05). Compared with the control
group, increasing dietary lipid levels significantly increased the serum and hepatopancreatic T-AOC in shrimp.
Increasing dietary carbohydrate levels also elevated the T-AOC in the serum but evidenced a trend of initially
increasing and then decreasing in the hepatopancreas (P<0.05). CAT activity exhibited a trend of initially
decreasing followed by an increase compared with the control group (P<0.05). These results suggest that shrimp
fed a diet with a lipid content of 9.59% and a protein-energy ratio of 18.54 mg/kJ exhibited the best growth
performance under the experimental conditions. Lipids, as a dietary energy source, are more suitable for L.
vannamei than carbohydrates.
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