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idella)[ll]\ ﬁfg‘éﬁ@(Pelteobagrusfulvidraco)m]ﬂzl]fL
ZE R AR K, BRI, B B B AR I i
FH AT B 36 B 722 0 DR A e R 25 i R ) 4
22BN H SR M AR A3 B A R 2 )
BRI, AR RN A R R R R
W —FE AR S B FCR M, Wk R
A& G et KS3E 81 4)) #.(Scophthalmus maxi-
mus L)', #(Siniperca chuatsi)” Fl Lahize i Et
A KA

B SEBAE — M ARAE T A AE
YIrh R IR RR, W DL R s /K AR Sh ) tR R &
DT BRI, AR R 0 ST
JLIERTER(0.5%) " . 2 RIFUF (Macrobrachium
rosenbergii, 0.5%)[2]]% E[ Z 1 4/ 4 (Labeo rohita;
0.25%) " 11 A= A 35 A R B, A8 L b 35t T
(1.0%) 3575 Fre (KU PR R FH 2R L9 kB 7k
Ry 1Y R lh ST =8 | | WY S 5201
W, AP R R 0 SR DA 5 R P T e,
(Rt K P SRR AR 9 BRI AR, I h
P it MR, T k8 K = Sh P B o

JUGRTEE A B 2t 57 5% 5 B A v PR TR, L
AAEKE R BB S 5 A 22 BN (H A SR
PO R e RO £ ) SRR A R
7 5 S FL2H A R FH 80O 6 LR 0 R (1) A K A g
JRRE B 2 G A WLARGE o AN SEIG B AR TR A
G175 17 5 B SO0 LA R ER AR K RE L fRDR
P R A A G2 25 R 50

1 #R5ERZE

1.1 SCEAREC S

W AR IR AL LR b 0 R vRDRL(P) A BH
X R, R 2B ARP R 5 B AE N B XS BR(N),
43 S B St BRI 9 e st HEL ) ik o 3 s i
KHE(PBAINB) . 0 A0 BREC | k) . B2, i
Bk A 2O RE ALK BE (SF-320, 75 Al 25 WL A PR
AFE, FET SR G @80 H iR . Huk, FRELE R
FR AL, ARG I AT K 75 2B B 20 R ML
(M-256, B T K%, HE PR RE. &
Ja, A8 F AT B W L(F-26, Mg FE Tk 2%, i E )
PN)KG TR AP S E AR N 1.0H11.5 mm Pk, IF
76 B 3B X T4 48 T 65 °C T 30min 32 1M KT,
i T & T—20°CIRAF. TR 7 K8 37 By 2 b
W% 1.
1.2 SCIGHERFNAIFR

JUARIEEXT HF 2R A AR AE AR S A R A

A (Fp ) Fol vy SR R SR A, P v A R 1R
DLIGE B SR 56 26 F . Ik FH480 B AR AR . 51 1M]
UE R (0.70£0.00) gXf i, BENL 7 44, BEHANH
2 (300 LI 4 H), BAMEEI0RM. FR
7:00. 12:00. 17:00f121:008ME4 7%, FHEl & A%t
IR E 1) 5%—10%, HEMRFETE . fERT48, R E
Z 1.0 mmP ARl 7R E3HE, MR EA N5 mm
Rl fESEIRfE s, M3—4RH ZE MR
I (I K 3BT N 60% (17K, PAERF K5 . BRI
K IANER B, FRE B 40 31 2 24—28°C F126%0—
29%o.

® 1 ZWIRRE S R REA)
Tab. 1 Formulation of supplement experimental diets (Y%oWet
basis)

. 2H 5 Group
F 1
AEJ7 Formula P N PB NB
4%} Fish meal 21,53 21,53 21.53 21.53
HSIAES Chicken by-product o5 450 400 4,00
meal
A Peanut meal 6.00 600 6.00 6.00
fHEF) Fish by-product meal 7.00 7.00 7.00 7.00
JF¥3 Shrimp meal 6.00 6.00 6.00 6.00
FKEEFH# Corn protein
powder 500 500 500 5.00
HR¥FE H Cottonseed protein ~ 4.00  4.00  4.00  4.00
A Soybean meal 7.00 15.00 7.00 15.00
/NZETHIHT Wheat flour 1720 1720 16.60 16.60
SALETE Choline chloride 031 031 031 031
i — &5 Monocalcium
phosphate 123 123 123 123
44645 Calcium chloride 098 098 098 0098
M F#5 Shell powder 062 062 062 0.62
e REFRELY) Yeast extract 1.30 0 1.30 0
fift £ P9 KT Squid visceral
powder 4.80 0 4.80 0
H14 Fish soluble 1.90 0 1.90 0
it b Betaine 0 0 0.60  0.60
K E N Soybean
phospholipid 123 123 123 123
#iZ 8 Lysine 037 037 037 037

YR R EL Mineral premix 246 246 246 246

Y £ WURERl Vitamin premix 092 092 092  0.92

JX B% 51 Fermented soybean

ol 6.15 615 615  6.15

B IR A4 Proximate composition (% wet weight)
¥ 2 Crude protein 43.00 42.07 43.53 43.54

HLAE W Crude lipid 6.60 584 691 472
7K4> Moisture 6.78  6.44  8.51 6.86
K5y Ash 16.13 1597 15.83 16.10

v A JEUREEST H AR M T B A R A B SR
Note: All raw materials are provided by Grobest Group Hol-
dings Limited (CN), Fuzhou, China
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13 BEERAFESH

FERFRR I S5 R, 25 Fr24h, Bl 5 AR 4
MNEEASEE AT R BEALILE IS AR, A kR, B
T20CHIUKFE R A7, T T LA e A8
1 mL g S 2% DL O 58 v 1 S R AR A bk 2, SR 5
FE4°C 464F F 2 02(4000 r/min)10min. WC4E LiE TR
B T-80°C T IRAF. A E S L2 R U JH e
Fls, B TRNAlater ™, —80 C i & R A7, H T 2t
PWOGE R FAEE BRI, & T-80C
TRAE, F T B 70 A7

Fbm 77 0 52 DR UL PYRE S K 4
FEB . FARPAMK Y &8, Ko 105 CHE
TENGE, HLER 5 2 B A 5 307 AU (Keltec
8400, Fr i)Wl 52 ; LG W7 & &K XTS5 A5 A 4%
(Ankom, USA)MIE, #1735 B A E I 1550°C
N RAL6hIE .

IR B2 R B (TP e 5 B I o 1 [ I
(HDL-C). %% FZ Jig 5 1 BRI W (LDL-C) H-ith = 1§
(TG)~ & JH[EEE(T-CHO) AN — (MDA &,
PASH IR P BN B 8. S F RS BE(T-
NOS). &HF4 b BE 1(T-AOC) FLE B AL Ak
i (T-SOD) il i 251K 1 o 5 A i) TR0 72 P 2
PR AT I R, o k) A f i B A5 vk
ITHAE

i Fi TransZol Up Plus RNAR T & (TransGen,
o ) SR IO BT iz 38 P EORNA . B R e
P43 696 FE 43 #F (Nanodrop 2000) ] T 1FfiRNA
Joi R . MR 3% P (TaKaRa, H )5,
i FPrimeScript™RT-PCRA I &3t /T cDNA S
B. 2B 5% PCR A LightCycler 480(Roche Dia-
gnostics, Switzerland) AT &, K MARFR10 pL, 4
475 uLIISYBR “Green Pro Tag HS+ 1 uLiJcDNA.
0.4 pL A IE A A Sz 1) 514, BAAZ3.2 nL K B XU
Ko RNHFANFEGBINEL . PCR RN FKM
49:95°C 2min, 40 R BAEFR(95°C 155, 60°C 15s,
72°C 20s), Fifi Jq BEAT R i 2o MR AN BJ4°C .
ARAE AT NS VR 0T SR IR 45 5%, LR
IR T La(ef-1a) NN ZBL D, TR R 308 H
2 NEPY AT 40T . BT 51354 Fl PrimerQuest
T H.(National Center for Biotechnology Information,
USA)BLit, 9IIFP oIk 2.

14 HEARKRZIT T

A e a5 R AE AR E R (SE) &R . SR
R 25 77 2 7 HT(Two-way Anova), P<0.05{X K F &
FHMER . &R E(Final body weight, FBW).
B3 #(Survival rate, SR). 1} 2% (Feed conver-

sion ratio, FCR). 1} H % (Weight gain, WG). FFE
" K K (Specific growth rate, SGR) 4% & & (Feed
intake, FD)ZE 4545 1 11 A X0 5

I (SR, %)=100x 1356 45 A R 45 5/ 05
VAR LA A G

1 B K (WGR, %)=100x[ £ KA R &2 (g) -V ih
A5 B () VT AR AR ot & (g);

TR F B (FCR)=4 & TR} T4 J5it 5t £ % 100/
(LR B UG ),

552 K (SGR, %/d)=100x[InF ) & KA i
() In"F X 4h 1 5 B (g)/ L 36 R (D)

Fz 2 LERHEEPCRE|HIFS

Tab. 2 Primer sequence used for quantitative Real-time PCR

5% " ar RS
Primer J¥%1Sequence (5—3") GenBank No.
ef~la-R GTATTGGAACAGTGCCCGTG JF288785.1
ef-la-F ACCAGGGACAGCCTCAGTAA
G
ampk-R TCAGAGGAGGAGCAGGAAC KP272117.1
ampk-F CCCGAGGTCTAATAGGCAC
toll-R CCTCGCACATCCAGGACTTTT /
A
toll-F GACCATCCCTTTTACACCAG
ACT
sod-R CAGAGCCTTTCACTCCAACG /
sod-F GCAATGAATGCCCTTCTACC
myd88-R  GGGAGTGGCAGAAACTTATC /
myd88-F GTGCACCAGAGTCATTGTAG
dorsal-R ~ CGTAACTTGAGGGCATCTTC FJ998202.1
dorsal-F TGGGGAAGGAAGGATGG
relish-R GGCTGGCAAGTCGTTCTCG EF432734
relish-F CTACATTCTGCCCTTGACTCT
GG
fas-R GGTGACTAGCTCGGCTACAT XM 027367955.1
GGTT
fas-F CAGGTGGAGATGCTCCTCGT
GTT
acox-R GTAGCGTCCGAGGCACTGA XM 027370700.1
acox-F CCCGGGTGTCCACTGACA
acc-R TTTGACACCTGAGCCAGACC XM _027360190.1
acc-F TGCATAGAAACGGCATTGCG
cpt-1-R GTCGGTCCACCAATCTTC XM _027361888.1
cpt-1-F CAACTTCTACGGCACTGAT

VE: FRIRIEN 519, RER XA 590; ef-1a. SEHEF1a;
ampk. AMP-30 5 B toll. tolliE A ; sod. FBEAY AL,
myd88. i Z LR T-88; dorsal. ¥ K Fp65kE; relish. %K T
NF-kappa-B pl05VHAE; fas. G WiE & BT, acox. kI
AL ace. ZIHBEATRICER; cpr-1. PIBBERHH L 7% iy

Note: F presents forward primer, R presents reverse primer.
ef-10. elongation factor la; ampk. AMP-activated protein kinase;
toll. protein toll; sod. superoxide dismutase; myd88. myeloid
differentiation primary response gene 88; dorsal. transcription
factor p65-like; relish. nuclear factor NF-kappa-B p105subunit-
like; fas. fatty acid synthase; acox. acyl-coenzyme A oxidase; acc.
acetyl CoA carboxylase; cpt-1. carnitine palmitoyl transferase
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& E(FI, o) =R & 2 2 (g)/IF i E <100,
2 %

21 HEAKMEREFNTARLF A

AR AR LR 3. RS SIS R
FIREXTHF ISR FBW. FI. FCR. WGRHFISGRTE
B RN (P>0.05) . i SRHH T 2 PRI T X IR I FI(P<
0.05); XfSR. FBW. FCR. WGRHISGRT & # 5
M (P>0.05). JE AN S A 75 & 75 51 S0 BAE(E
FAXT X R I FCRA 2 3 210 (P<0.05), X % 8
SR. FBW. FCR. WGRAISGRT: &% 50 (P>0.05).
22 RS

WL WL 4. JFORHE S &1 B I LRI
g3 KAy FATRIARTRL R 340 R 35 52 (P>0.05) .
IS0 2 B 1R LR K 43 B2(P<0.05), &
PR T WLPRE AR 7 2 8 (P<0.05), X 7K 4 AT 25
H 7 & B 2 S (P>0.05) . JFUR & & Bl
55 S0 1 A8 AR XL K 5y K5 HHAE
9 AR 2 1 G 5 3 520 (P>0.05)
23 [MiKEBE1LIERR

Mk AR bR W2 5. JERHE A i a7t
bk A AL FE AR TC 35 5 M (P>0.05) . &l SR A 3%
B T Ik 2 LDL-CHIMDA 7 8 (P<0.05); Xt
HDL-C. T-CHO. TPHMITGH & & & 52
(P>0.05). JERMEE &5 857 5 5 S0 28 BAF H
oF L9k B8 AR A 48 A TG I 35 5200 (P>0.05)
24 FTRRBERESIE

JHF IR B A TE DL 6. TR Y & 54 £ 70T i

JR BT TC 5 35 5 (P>0.05) 0 il el 2 25 AR 1 %t
BN R — AL B S BV PE(P<0.05) o Rl SEHIOT
HRHFEIRMDA & & . T-SODAIT-AOCHHPE T & 3%
S (P>0.05). JFURHE S & & 71 S5 RS 22 B
YEFIXT-NOS. T-SOD. MDAFIT-AOCHH 147 i
E R (P>0.05)
25 FFRBRBRERERIA

JHF JR B i I A I g2 A DG L (R A an P 1T
R, RV A7 S BT R R R fas 1
accl1ZRIA F(P<0.05); Xampk. acoxFcpt-1115RI1E
L (P>0.05). & ERIEE L TR
SfasFlaccl)Fik & (P<0.05), 7 H 5 N T ampk
[FZRIL T (P<0.05). JFUEME 5T & & 715 7 Sk
T HAER X ampk. accFlept- 1)KL A T #5200
(P<0.05). JERME AT EFIEE LR 1R
Misod. dorsalflrelishf] 31X & (P<0.05); %JtollFl
myd88WI 1A T TG B3 SR (P>0.05) . Hif S0 W 3
T B sodf dorsal 13215 7 (P<0.05), 3+ H.
BE TR T myds8Mrelishff] 31k & (P<0.05); %f
ol FRIE BT B ZHEM(P>0.05). JFRHE &iF
75 B S 22 BAFE - X sods myd88Hdorsallt)
Tk BA B FEH(P<0.05), X tollFrelish )31k &
TC 3 5 (P>0.05) .
2.6 MERBRHEXEERRIA

Jr 18 G B A I R R B i 2R TRV A
B EFIRINA R ol sod 33558 5 3 = T RN
H(P<0.05), relish3R 15 & % FEK T RN INAH(P<
0.05); Xt dorsal#ik &8I0 . 5 Mm1(P>0.05) . #H SE00

®3 WHESFRFIKFRERERL P RNEHSERT N AR IR KM REF R ) A R 50820

Tab.3 Effects of dietary betaine supplementations on growth performance and feed utilization of the Litopenaeus vannamei fed two levels

of compound attractants

205 Group JRIGHSR (%) LARMEFEFBW (g) A EFI(g) 1Ak RZEFCR WHEEWGR (%) $FEAEKZFSGR (%/d)

P 97.49+0.83 8.23+0.14 10.05+0.11°  1330.03 1066.04+20.56 4.90+0.03
93.33+1.35 8.44+0.34 10.5240.16"  1.36+0.03 1094.04+47.85 4.95+0.08

PB 92.22+4.84 8.03+£0.25 9.05+0.44" 1.37£0.06 1038.81+£35.42 4.73£0.13

NB 93.33+1.35 8.27+0.12 9.17£0.16" 1.21+0.01 1070.81£19.03 4.91+0.03

XUR & 7 Z 43 HT P{E P-value of two-factor ANOVA

44 Combination 0.49 0.35 0.43 0.22 0.38 0.19

2286 Betaine 0.25 0.44 0.00 0.08 0.46 0.23

2 HAEH Interaction 0.25 0.96 0.35 0.04 0.95 0.41

A SPIH AR HE R (n=4); AE R B FARELIR —4T o B BFR RS TG 3 25 [ (P>0.05), ANl 7 BERIRAELE 35 25 55 (P<0.05).
AFIB Y JF R0 52 £ 175 B 70 5 ot i 10 2 35 22 5, aMTb g b SRt o iR ) 42 38 25 57 <445 Combination” 7 SR & 77 Z 047 R L &2
EHEEFIPH”, “RIE0 Betaine” K WU 27 2 43 T SEORPIE”, “A8 HAEF Interaction” R~ JR B A &% B 77 5 FH SR 2 B

YEFPE”, TIH

Note: Mean+SE (n=4); The same letter superscript or no letter superscript in the same line indicates no significant difference (P>0.05),
while different letters indicate a significant difference (P<0.05). A and B are the significant differences of raw feed attractants to Litopenaeus
vannamei; a and b are the significant differences of betaine to Litopenaeus vannamei, the same applies below
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NI B sod 3R 1A 7 .2 & T R U IN4H.(P<0.05),
toll % FEAR T AR I (P<0.05); X relishfldorsal#
KT E LN (P>0.05), JFRAE &iF R S
SEM A BAE R X toll relishflsodRiZEH B3
S21(P<0.05), Xf dorsal 1315 86 . 2 5200 (P>0.05) .
3 g

B IR JK A B i FRAR T 72 5 L 1E
WAKRBWEERER. AL, FRHA
FHEFBINAFEP, PB) S RN INALFENN, NB)
(AN TR LE T 8% ) B RHY &3 5175 B 74 8 % I LRH 5
R, T AR B A X ERISR. FBW. FI.
FCR. WGRAHISGRIG & & UM . 1 vak s 10.6%
S0 2 PR AR X R O FT, TSR FBW. FCR.
WGRAHMISGR W E R . CAR TR, & H
T ) = B AR Ja X ML iR G i i 2R K
REMFEELAREM .t e iy
B B S R FEAMIRES, F5 BRI X K =
F 4 BMHENEESSFRTKTERIERER RS T
FLAESTEN AL LA A R 2GR E)
Tab. 4 Effects of dietary betaine supplementations on muscle

composition of the Litopenaeus vannamei fed two levels of
compound attractants (wet basis) (%)

mm o ky kp mmm REH
Group Moisture Ash Crude lipid B
protein
P 73.86:0.81 0.57£0.08" 1.08+0.15" 22.02+0.41
74.51+0.82 0.55£0.04" 0.93+0.06" 21.83+0.33
PB 74762048 1.48+£0.02° 0.6540.04" 2227021
NB 74.84+033 1.48+0.02° 0.6420.04" 22.55+0.11
KR Z T 2 53§ P{E. P-value of two-factor ANOVA
ik
Combination ~ 0-38 0.84 0.08 0.99
S0
Betaine 0.36 0.00 0.00 0.12
ZHAFH
Interaction 0.67 0.84 0.15 0.55

BB E R AEK BT EE R, A sz
HH I SR B AR R R R 5 A RN T LR X R
(1) A AR A LR FH A ST R IR, T A ) T
TR A B, R T IR KN A
IR Z BT ORI 703 B, TAk) i S lias &t
0.01%—0.075%FH, LAEXTERFFCR. SR. SGR
FIWGR 5 RS INALTE B % 22 22 f ki i &
N0.2%8, FLARTEERT B SRAF IR 4 (0 A= K 1 g AR At
AR, BN DRGSR G RS SS R AR, &
SERBN DB TA 30, 5%}, XpliR A K g VA W i
o, SIME BT T M A BT 5T 2 W ESE R n
BONA%EE, FLANESTERFI. SRy SGRAIFCRE
SEAPY . SRT, A B TR R B SRR
TN (0.5%) F1(0.8%) 11T 45 35 2 5 ' FCIR AR A B g
FIX R (Fenneropenaeus indicus)” WIAEE %, Tk}
5. 10F115 g/kg FE RIS N &= 2 vl 8 = 2 1K
VERREG . SR B AR %Y, SEux e
ANTR) &5 B 1 i DR AT R A AN [ A< B2 1 S Bl X A [
T 5 B HA A [5) A o oR O A () 1, AT Ao 75 K=
A nt Rk UK BE AR R AR g, NBALX
IR FCREGH R3S, T RETADEL R R I10.6% &l
SEHR(P=0.08) A $& s o JiURL B & 015 B AN In 4 %)
U AR R 2R i 3

JULPRKH JE M 5 R 2 R 28 0 T I B B R b . 7B
AWFFH, BSOS T TR UL g A, 1R
& UXHERVLAI I 2K 2 o S BRI FE 45 AR, 4]
LRI 00,5 % [ 320 AT I 3 PR S I AR LA
UKL E 07 2 B TR AR 2L A i B I S AR
W&, I b R 5 ) BRORN 2 i 1 Bh 245~ Al e L
e B E AR . NG TR & B S B 7E T B i R
B R (fas) AL LB BE AL AL N T —BESH IR A,
LA AR (ace)#t— D AE K BE IR 107 R 1Y
£ Y I A A B B (acox) K ST RE IS T 1R
S R B I R, L i S A E T R 1 i B AT

x5 WMERNEEAFAFKTEEMER RN SRR FLAGE AR H B 4 (e Ra S0

Tab. 5 Effects of dietary betaine supplementations on hemolymph biochemical indexes of Litopenaeus vannamei fed two levels of

compound attractants

2053 REFREEDRER SZEEEOEEE SMEBFT-CHO J&EATP  HW=ETG N EEMDA
Group LDL-C (mmol/L) HDL-C (mmol/L) (mmol/L) (g/L) (mmol/L) (nmol/L)
p 11.55+0.88" 3.3840.59 0.46+0.07  71.3848.63 032003  53320.70°
14.56+3.95" 2.32+0.63 0.47+0.10 67.66+3.54  032£0.10  5.99+0.52°
PB 8.53+1.69" 5.07+0.59 0.26+0.01 69.59+2.55  0.34+0.04 3.74+0.54°
NB 6.91+0.21° 3.59+1.21 0.41+0.08 71454550 0.35+0.02 3.77+0.39"
XK 2 T7 # 5r Hr PIE. P-value of two-factor ANOVA
%4 Combination 0.77 0.14 0.31 0.87 0.88 0.56
Tt 3% 0, Betaine 0.03 0.09 0.13 0.86 0.70 0.00
X HAFEH Interaction 0.30 0.79 0.41 0.62 0.95 0.59
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{025 3 T e 2 K JIH [ 1 326 2140, HDLAE I [#] i
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Tab. 6 Effects of dietary betaine supplementations on hepatopancreas

anti-oxidative related parameters of Litopenaeus vannamei fed two
levels of compound attractants

B BRI B we
45 ol BfkM§ MDA “jiﬁ%cﬁ
Group T-NOS T-SOD (nmol/mg (mmol/g)
(U/mg prot) (U/mg prot)  prot) g
P 2.54£0.19" 21.65+3.16 4.04:036 0.28+0.04
3.48+0.19° 21194148 5.55:0.48 0.27+0.10
PB 2.86+0.22" 24.49+1.41 4.92£1.09 0.36+0.05
NB 1.71£0.14" 23.75£4.40 4.81+0.68 0.23+0.05
KA & T7 Z 0PI P-value of Two-factor ANOVA
Y 0.0 054 oa -
Combination : . . .
E%ﬂ% 0.00 0.37 0.92 0.77
2 HAEH
Interaction 0.00 0.96 0.27 0.38

TEAH ST H, S0 535 P AR bk L LDL-C 5 &=,
MHDL-C. TP. T-CHOMTG & &L &%k, i
B ] m A T S el A %o T A i e L ] i s
56 ) 4 O A2 ARG, IR R 42k PR I 5 20 e s ™
R, R S N SRR T FLANE X U AR T 2

FEARI o
2H A Combination (P) 0.1 0.01 0.23 0 0.38
SR, Betaine (P) 0 0 0.01 0 0
%8 HAEH Interaction (P) 0 0.69 0.17 0 0
8 25 1 OP @N =IPB &XINB
20+
1.5

1.0

FHX IR
Relative expression

2H & Combination (P) 0.80 0 0.32 0 0

TSR, Betaine (P) 0.09 0 0 0.04 0

28 HAEH Interaction (P) 0.57 0 0.01 0 0.25
=

RS SuN
Relative expressio

toll sod myd88  dorsal  relish

Bl 1 RFRB R A QA B e A S R 3 i
Fig. 1 Hepatopancreas lipid metabolism and immune-related gene
expression
T EERHE IR (n=4); FR & A R B8 B AR ER — 47 BB
AR RN TG B3 E R (P>0.05), AR FRRRFIEREER
(P<0.05). P “4l#4 Combination (P) 378X K & 5 Z 3 #r
JFOR S A I PE”, < 3208 Betaine (P)”3R 8 XK 7 £
Sy HTER SR PIE ™, “3C HAEF Interaction (P& <RI E &
FEASGHSERN L EAERAPE?, TR
Mean+SE (n=4) are presented as bar charts, the same letter
superscript or the same row without letter superscript indicates no
significant difference (P>0.05), while different letters indicate a
significant difference (P<0.05). “Combination (P)”, “Betaine (P)”,
and “Interaction (P)” means “P value of raw feed attractants in
two-way ANOVA”, “P value of betaine in two-way ANOVA”,
and “P value of interaction between feedstock raw feed attractants
and betaine”, respectively, the same applies below

2[4 Combination (P) 0 0.46 0.00 0.02
H =18 Betaine (P) 0.03 0.28 0.17 0
7% H A H Interaction (P) 0.04 0.26 0 0
£ 3[ P @N CPB EINB Bb
i
X8 2
K5 B Aa | Ab
T e Bb ., Ba A B Ba
=2 [10fs NARE NAaH [
E 0 1 @ 1 1 1
toll dorsal relish sod

P2 LA X liR Jp i v e R e i

Fig.2 Gene expressions in the intestine of Litopenaeus vannamei
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TWO DIETARY BETAINE SUPPLEMENTATIONS ON GROWTH, FEED
UTILIZATION, LIPID METABOLISM, AND IMMUNE RESPONSE OF
WHITE SHRIMP (LITOPENAEUS VANNAMEI FED TWO
LEVELS OF COMPOUND ATTRACTANTS

HE Gui-Lun', XIE Ming-Sheng', QU Kang-Yuan', CHEN Xin', ZHU Wen-Bo’, CHEN Zheng-Bang’,
TAN Bei-Ping " and XIE Shi-Wei" "

(1. Laboratory of Aquatic Animal Nutrition and Feed, College of Fisheries, Guangdong Ocean University, Zhanjiang 524088,
China; 2. Grobest Group Holdings Limited, (CN), Fuzhou 350300, China; 3. Aquatic Animals Precision Nutrition and High-
Efficiency Feed Engineering Research Centre of Guangdong Province, Zhanjiang 524088, China; 4. Key Laboratory of Aquatic,
Livestock and Poultry Feed Science and Technology in South China, Ministry of Agriculture, Zhanjiang 524088, China)

Abstract: Feed attractants have been widely used to improve the palatability of aquatic animal feeds, but there are few
studies on the effects of feed attractants on growth and health of Litopenaeus vannamei. This study aims to investigate
the effects of betaine supplementations on growth performance, feed utilization, lipid metabolism, and immune re-
sponse of Litopenaeus vannamei fed two levels of raw feed attractants (8%, 0). Juvenile shrimp [initial body weight
(0.71£0.00) g] were randomly distributed into four groups, each group included four fiberglass tanks [30 shrimp in each
tank (0.3 m3)]. The shrimp were fed with raw feed attractants group (P), soybean meal replacing feed attractants in P
(N), raw feed attractants + betaine group (PB) and betaine supplementation group (NB) for 7 weeks, respectively. Re-
sults showed that the raw feed attractants enhanced the expression levels of fas, acc, sod, dorsal, relish in hepatopan-
creas, as well as foll and sod in the intestine of shrimp, while the expression levels of relish in the intestine were re-
versed. Betaine increased ash content in muscle, upregulated fas, acc, sod, and dorsal in hepatopancreas, as well as sod
expression in the intestine, while it decreased feed intake, muscle crude lipid, low density lipoprotein cholesterol,
malondialdehyde contents and total nitric oxide synthase activity in hepatopancreas, as well as the expression levels of
acox, cpt-1, myd88 and relish in hepatopancreas. The interaction of raw feed attractants and betaine had significant ef-
fects on feed conversion ratio, hepatopancreas total nitric oxide synthase activity, ampk, acc, cpt-1, sod, myd88 and re-
lish. In conclusion, a diet with 1.30% yeast extract +4.80% squid viscera powder+1.90% fish soluble improves the im-
munity and antioxidant capacity of shrimp. Dietary 0.6% betaine reduces feed intake and promotes lipid utilization, and
up-regulates the expression of immune-related genes of shrimp. This study showed that two dietary betaine supplementa-
tions on growth, feed utilization, lipid metabolism, and immune response of white shrimp (Litopenaeus vannamei) fed
two levels of compound attractants, which provides reference value for white shrimp culture.

Key words: Feed attractants; Betaine; Growth performance; Lipid metabolism; Immune response; Litopenaeus
vannamei
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