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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.
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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



1448 K& A& Y ¥ 47 %

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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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"
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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
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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 -
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Fig. 1 Hepatopancreas lipid metabolism and immune-related gene
expression
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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
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Fig.2 Gene expressions in the intestine of Litopenaeus vannamei



1452 K& A& Y ¥ 47 &

ALY B AL ER(SOD) & A= Wk N B8 E ) HT 4R
1o, B PEAMbrEEER, HEAVLEE
TR HUE A A E T B th3Eo;)™.
TEAME T, R A75 8 77 AN Bl S i) e i 55
A X AR BT B AR AN 718 thsod R 1A B . MDA Z A
AN AE W R (PUF As) I I Jia ik S8 b o i 7=, B
ABEEEVE Y. R ARSI oy, ARDE bR N A S
AR A IR B A MDA & & 3 2 B . DRI T DA
HEWT, TARL A s 0 SRR R A A A TR Bl SRR A
F) T 4R B AR BT A 2 R (P 30K, AT 3 = R i e
SRR A, BeAb, BESEREA TR 5 bk e e g
5 R A AR B AR R s R Y. — A
A BENOS) AL =4 — AL E(NO) R FE4H B Fl
TR, SRR (K s /70", SR, 440 A
(RINOSIVR R v, T LUK 2 7= A 253 A >,
TEATI AT A, AL A R 0 Bk . 25 B4 R i i v
T-NOSEPE, X T-SODMT-AOCIFH % LL MDA &
BLEERN. CARFREY, NOWEE O™ 1E
Fi A= il S0 Al 2 (ONOO ), ‘& 1 5 S AL AR F 1k
EF Rets AL B 5 1, 16 2 A 240 IF KIS B s 1,
AT A A S B B AR B Th BB R L, U
A1, 903 JEAAIE BEAE 77 Ak — R B B R B e Al
B L B A R, LR B B B s
TEARB T, RS B SR PR T T-NOS W& 4, 15
XfT-SODHMIT-AOCH P & MDA & & 7t i 2 52 i,
AL T FATTHHE I AT B X Aol AR A X6 %o 0 1 ik R 5 TE
W, JGEMESI Y IA N T 4 B AT A R e
KA AR JE A, BB AT = 5 i e L roll
S — B B S0 R e SR, FEATUAARSS I Jir A J% e
A g% W5 R R B OCE B E A, Bl 5524k
AW S SnfbfE S S, Mmydss.
relishfldorsalZnf-kbf5 5 8 1% 1) T EH B354, S
SR 2 R R B, H A myd 88 XN 2 BE
S R ol BB B FEME 5 o 75, A
BT, ROk R A ) S 35 b R R A R
dorsalfrelish N 7B P HtollN R &, BFE NG
HHrelishf IR TR . XEWREFRPIRINE S HE
A I T4 v R P R ) e 8 A DG L R ) 3R A, AT
5 ST S S o TRDR AR S N S S
IR dorsal i) FRIE &, & N MmydsSHrelishi]
RKILAE; RN R E TR mE R IEE. Wk
VR ESEOR AR 7T e 2 o R 1) s B 25 e 1

4 ZHip

FEAIRSH, FARL RN 8% FRH & 475 71
NS FLAAE RN B AR RE < LA B 23 ML ik

EAALIRbR, (EARPE T LA TE X IR R o G2
D] 238 5 B VAR 00,6 %0 SRR AN S e FLAATE X
WA AR BE, (H 525 FEAR 1 XL RUREL AR 137 A 25
1, et xt i i AL RE A AR, 52 i iE
BRI RIL . RS & 5 17 5 RS
M 22 EAE X AR ARl R 8. B RS
Wi ARSI A DG IR PR AN G B A SR D A 25 i

SEHL:

[1]1 Jiao Y, Study on feeding attractant of Litopenaeus van-
namei [D]. Tianjin: Tianjin Agricultural University, 2017:
1-27. [, LNEXTERE R RIHTA [D]. Rig: R
BR 2P, 2017: 1-27.]

[2] Zheng L, Xie S, Zhuang Z, et al. Effects of yeast and
yeast extract on growth performance, antioxidant ability
and intestinal microbiota of juvenile Pacific white shrimp
(Litopenaeus vannamei) [J]. Aquaculture, 2021(530):
735941.

[31 Jiang W, Liu Y J, Liu X Y. Effect of yeast extract on
growth performance, immune function and antioxidant
capacity of carp [J]. Feed Research, 2022, 45(16): 66-69.
e, XUDERS, X R, M BE SR UV i £ A 4R RE
ST REM BT EALBE I RIS [T]. BRPRHIEAT, 2022,
45(16): 66-69.]

[4] HeY F,Chi SY, Tan B P, et al. Effect of yeast culture on
intestinal microbiota of Litopenaeus vannamei [J]. Jour-
nal of Guangdong Ocean University, 2017, 37(4): 21-27.
[Ty, AR, AL, 5. BEEERE FRI%F LGNS0 R
[V T8 TR B SR R [T]. T ARG E R AR, 2017,
37(4): 21-27.]

[51 Gui L, Mai H, Chi S, et al. Effects of yeast culture on
growth performance, hematological parameters, im-
munity and disease resistance of Litopenaeus vannamei
[J1. Journal of Guangdong Ocean University, 2019,
39(3): 30-37. [HE R, b, IR, 55, BRI
B AU X LA XTI A RS . LK AR AR S
& JJRBUR ST RIS [J]. ] AR R 5544, 2019,
39(3): 30-37.]

[6] Zhu T, Morais S, Luo J, et al. Functional palatability en-
hancer improved growth, intestinal morphology, and hep-
atopancreas protease activity, replacing squid paste in
white shrimp, Litopenaeus vannamei, diets [J]. Journal of
the World Aquaculture Society, 2019, 50(6): 1064-1077.

[71 Liu D, Feng J, Liu Y, et al. Comparative study on the
feeding effects of peptide-rich peptide, squid viscera
powder, cuttlefish extract and fish sauce on Penaeus van-
namei [J. Fishery Modernization, 2003, 30(5): 39-35. [XI]
PRRE, o4, XK, & g IkER . Sia b, SaiR
B EF 5 FOW IR B ROR BT AT (7).l
AL, 2003, 30(5): 39-35.]

[8] Lim L S, Lai S J, Yong S K, et al. Feeding response of
marble goby (Oxyeleotris marmorata) to organic acids,


https://doi.org/10.13557/j.cnki.issn1002-2813.2022.16.014
https://doi.org/10.3969/j.issn.1673-9159.2017.04.004
https://doi.org/10.3969/j.issn.1673-9159.2019.03.005
https://doi.org/10.3969/j.issn.1007-9580.2003.05.019
https://doi.org/10.3969/j.issn.1007-9580.2003.05.019

9 3

TREAR A PR AS 7] 525 5 B0 RS I AT R PRk o 4 I Sieslond FLAMEe et i A e e . BPRERIRT S Tl

1453

SR AR G 758 I8 5 F) R )

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

amino acids, sugars and some classical taste substances
[J]. Applied Animal Behaviour Science, 2017(196): 113-
118.

Harrison G, Coates M E. Interrelationship between the
growth-promoting effect of fish solubles and the gut flora
of the chick [J]. British Journal of Nutrition, 1972, 28(2):
213-221.

Irm M, Taj S, Jin M, et al. Influence of dietary replace-
ment of fish meal with fish soluble meal on growth and
TOR signaling pathway in juvenile black sea bream
(Acanthopagrus schlegelii) [1]. Fish & Shellfish Immuno-
logy, 2020(101): 269-276.

WuD W, Ye Y T, Cai CF, et al. Effects of fish meal re-
placementby stickwater meal on growth and health of
grass carp (Ctenopharyngodon idellus) [J]. Chinese
Journal of Animal Nutrition, 2015, 27(7): 2094-2105. [ 5
R, et 584577, 5. IR RN B A Ok o B A A
KR AR RERIEM [1]. S00E 772744, 2015, 27(7): 2094-
2105.]

Zhou LY, Wu D W, Gao M M, et al. The effects of fish
meal replacement on growth performance of yellow cat-
fish (Pelteobagrus fulvidraco) [J]. Acta Hydrobiologica
Sinica, 2019, 43(3): 504-516. [JA & FH, FAR, i,
S MK TEAR R SN AR 0 2 58 4 B AL ok X
FE AR MR [J]. KAEAYEAR, 2019, 43(3): 504-
516.]

Wang C L, Zhang H L, Shi L, et al. Effect of Fish solu-
ble pulp on growth of Penaeus vannamei in greenhouse
[71. Journal of Anhui Agriculture. Sciences, 2018, 46(36):
70-73, 77. [EHEF, 5K, A, . AIERNT KR
P 35 EON T AR RS2 [J]. 2 BeROERNY:, 2018,
46(36): 70-73,77.]

Jiang D, Zheng J, Dan Z, et al. Effects of five compound
attractants in high plant-based diets on feed intake and
growth performance of juvenile turbot (Scophthalmus
maximus L.) [J]. Aquaculture Research, 2019, 50(9):
2350-2358.

Peng D, Peng B, Li J, et al. Effects of three feed attrac-
tants on the growth, biochemical indicators, lipid metabo-
lism and appetite of Chinese perch (Siniperca chuatsi) [J].
Aquaculture Reports, 2022(23): 101075.

He G, Chen X, Zeng Q, et al. Effects of compound feed
attractants on growth performance, feed utilization, intes-
tinal histology, protein synthesis, and immune response of
white shrimp (Litopenaeus vannamei) [J]. Animals:an
Open Access Journal from MDPI, 2022, 12(19): 2550.
Lim L, Isabella E, Chor W, et al. Determination on the
possibility of dietary Betaine supplementation to improve
feed intake of soybean meal-based diet in the juvenile
grouper (Epinephelus fuscoguttatus): a pilot study [J].
Malaysian Applied Biology, 2015, 44(2): 137-141.
Ntroomand email M, Sajadi M, Yahyavi M, et al. Effects

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

of dietary Betaine on growth, survival, body composition
and resistance of fry rainbow trout (Oncorhynchus
mykiss) under environmental stress [J]. Majallah-i Timi-i
Shilat-i Iran, 2011, 20(1): 135-146.

Yesilayer N, Kaymak I E. Effect of partial replacement of
dietary fish meal by soybean meal with betaine attractant
supplementation on growth performance and fatty acid
profiles of juvenile rainbow trout (Oncorhynchus mykiss)
[J]. Aquaculture Research, 2020, 51(4): 1533-1541.

Wang G J, Xie J, San S, et al. Effects of natural betaine
on growth of Litopenaeus vannamei [J]. Guangdong
Feed, 2004, 13(3): 25-26. [£)" %, ¥R, =RKEMH, %,
DRAR SRS B 28 R R AR ISR [J]. T ARG RL,
2004, 13(3): 25-26.]

Felix N, Sudharsan M. Effect of glycine betaine, a feed
attractant affecting growth and feed conversion of juve-
nile freshwater prawn Macrobrachium rosenbergii [J].
Aquaculture Nutrition, 2004, 10(3): 193-197.

Shankar R, Murthy S, Pavadi P, et al. Effect of betaine as
a feed attractant on growth, survival, and feed utilization
in fingerlings of the Indian major carp, Labeo rohita [J].
Israeli Journal of Aquaculture-Bamidgeh, 2008, 60(2):
95-99.

Pefiaflorida V D, Virtanen E. Growth, survival and feed
conversion of juvenile shrimp (Penaeus monodon) fed a
betaine/amino acid additive [J]. Israeli Journal of Aquaculture-
Bamidgeh, 1996, 48(1): 3-9.

Ponpai, Penprapai, Lerssutthichawal, ef al. Effect of be-
taine on growth performance and resistance on Vibriosis
in white shrimp (Penaeus vannamei) [J]. Songklanakarin
Journal of Science and Technology, 2007, 29(5): 1275-
1282.

Syed A H, Idris A K, Mohshim D F, ef al. Influence of
lauryl betaine on aqueous solution stability, foamability
and foam stability [J]. Journal of Petroleum Exploration
and Production Technology, 2019, 9(4): 2659-2665.

Wu J, He C, Bu J, et al. Betaine attenuates LPS-induced
downregulation of Occludin and Claudin-1 and restores
intestinal barrier function [J]. BMC Veterinary Research,
2020, 16(1): 75.

Gao X, Zhang H, Guo X F, et al. Effect of betaine on re-
ducing body fat-a systematic review and meta-analysis of
randomized controlled trials [J]. Nutrients, 2019, 11(10):
2480.

Dong X, Wang J, Ji P, et al. Dietary betaine supplementa-
tion promotes growth, n-3 LC-PUFA content and innate
immunity in Macrobrachium rosenbergii [J]. Aquaculture,
2020, 525: 735308.

Zhao G, He F, Wu C, et al. Betaine in inflammation:
mechanistic aspects and applications [J]. Frontiers in Im-
munology, 2018, 9: 1070.

Wang A J, Yang Q H, Tan B P, et al. Effects of enzymo-


https://doi.org/10.3969/j.issn.1006-267x.2015.07.015
https://doi.org/10.7541/2019.062
https://doi.org/10.3969/j.issn.0517-6611.2018.36.020
https://doi.org/10.3969/j.issn.1005-8613.2004.03.012

1454

KR R

47 %

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

lytic soybean meal on growth performance, serum bio-
chemical indices, non-specific immunity and disease re-
sistance of juvenile Litopenaeus vannamei [J]. Journal of
Guangdong Ocean University, 2018, 38(1): 14-21. [ 4%
i, bpar R, WAL, . KGR 6 LGN X R 4
U A oS 8 AN | R A SR B (= T NI | 225 2 G R A SE IR
JIMIFZIE [J]. | AR R 22254, 2018, 38(1): 14-21.]
He GL, Yi Y M, Yang Q H, et al. Effects of inositol on
growth and metabolism for juvenile Litopenaeus van-
namei at different salinities [J]. South China Fisheries
Science, 2022, 18(3): 129-138. [fkEAE, Fim 4, 7 2,
S5 JUURE RS AS [ Eh B 2% AR T LA Xof A 2l A A AR
W2 [J]. B 7K RNE, 2022, 18(3): 129-138.]

Wu Y C, Li R M, Shen G R, et al. Effects of dietary small
peptides on growth, antioxidant capacity, nonspecific im-
munity and ingut microflora structure of Litopenaeus van-
namei [J]. Journal of Guangdong Ocean University,
2021, 41(5): 1-9. [RIZR, ZEH &, HOLSR, &6, /Mo
NLANEERTER A A BUAALRE s AR Ak S0 S iE
FERESSMIIRENA [J]. |2 K 2244, 2021, 41(5): 1-
9.]

Association of Official Analytical Chemists. Official Me-
thods of Analysis [S]. AOAC, Washington, D. C., 1999.
Livak K J, Schmittgen T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the
2" method [J]. Methods, 2001, 25(4): 402-408.

Shao J, Zhao W, Han S, et al. Partial replacement of fish-
meal by fermented soybean meal in diets for juvenile
white shrimp (Litopenaeus vannamei) [J]. Aquaculture
Nutrition, 2019, 25(1): 145-153.

Bulbul M, Kader M A, Ambak M A, et al. Effects of
crystalline amino acids, phytase and fish soluble supple-
ments in improving nutritive values of high plant protein
based diets for kuruma shrimp, Marsupenaeus japonicus
[J]. Aquaculture, 2015(438): 98-104.

Smith D M, Tabrett S J, Barclay M C, et al. The efficacy
of ingredients included in shrimp feeds to stimulate in-
take [J]. Aquaculture Nutrition, 2005, 11(4): 263-272.

Liu L H, Zheng S X, Zheng (S /X)C, et al. Effects of dif-
ferent attractants on growth and feed digestion of Litope-
naeus vannamei [J). Freshwater Fisheries. 2003, 33(5):
12-15. [RISZAES, FBATET, KRR G, 55, TR A InASF] 55
X 3B R UR AR A AR AL B R [J]. K
Ak, 2003, 33(5): 12-15.]

Asadi M, Sajadi M M, et al. Effect of rotifers enriched
with betaine and concentrated diet containing betaine on
growth, survival and stress resistance of Indian white
prawn (Fenneropenaeus indicus) [J]. Majallah-i 1lmi-i
Shilat-i Iran, 2010(19): 1-10.

Pittet A O, Ellis J C, Lee P G. Methodology for the identi-
fication and quantitative measurement of chemical stimu-
lants for penaeid shrimp [J]. Aquaculture Nutrition, 1996,
2(3): 175-182.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Fang K, Wu F, Chen G, et al. Diosgenin ameliorates
palmitic acid-induced lipid accumulation via AMPK/ACC/
CPT-1A and SREBP-1¢/FAS signaling pathways in LO2
cells [J]. BMC Complementary and Alternative Medicine,
2019, 19(1): 255.

Yuan X Y, Liu M Y, Cheng H H, et al. Replacing fish
meal with cottonseed meal protein hydrolysate affects
amino acid metabolism via AMPK/SIRT1 and TOR sig-
naling pathway of Megalobrama amblycephala [J].
Aquaculture, 2019(510): 225-233.

Chen Y K, Zheng C Z, Zhang S, et al. Dietary black sol-
dier fly (Hermetia illucens) larvae meal on growth per-
formance, non-specific immunity and lipid metabolism of
Litopenaeus vannamei [J]. Acta Hydrobiologica Sinica,
2023, 47(2): 269-278. [BRk &, A, X, & 2K
i )y SEOB) X FLARIEE RS R ARG L A g2 A0 B A ) S i
[J0. IKAEED2E4R, 2023, 47(2): 269-278.]

Du J, Shen L, Tan Z, et al. Betaine supplementation en-
hances lipid metabolism and improves insulin resistance
in mice fed a high-fat diet [J]. Nutrients, 2018, 10(2): 131.
Zhong Y, Yan Z, Song B, et al. Dietary supplementation
with betaine or glycine improves the carcass trait, meat
quality and lipid metabolism of finishing mini-pigs [J].
Animal Nutrition, 2021, 7(2): 376-383.

Hoseinifar S H, Mirvaghefi A, Merrifield D L, et al. The
study of some haematological and serum biochemical
parameters of juvenile beluga (Huso huso) fed oligo-
fructose [J]. Fish Physiology and Biochemistry, 2011,
37(1): 91-96.

Zhuo H B, Zheng Q Y, Liang H F, et al. Respiration, ex-
cretion and physiological changes of hemolymph of Panu-
lirus homarus during molt cycle [J]. Journal of Guang-
dong Ocean University, 2019, 39(5): 24-30. [ 5% Fx, #
RRME, BEAETT, & AU AT U5 7 JA) 30T P I R R I
BRI (J]. T AR R F 54Kk, 2019, 39(5): 24-
30.]

Zhang L F. Mechanism of betaine on liver glucose and
lipid metabolism [D]. Nanning: Guangxi University,
2019. [5KENTS. B SEHRE 72 A0 BB IR A QU IR L BT 52
[D]. BT )P K2, 2019.]

Xie J H, Qiu D Q, Liu C X, et al. Effcets of Vibrio al-
ginolyticus peptidoglycan on astaxanthin level, immune
indicators and protection in Litopenaeus vannamei [J].
Journal of Guangdong Ocean University, 2013, 33(1):
50-55. [P, B4R, XIFFDE, 55, VA R IR IR SRS
JUPHERTHRARTE 2K . S i bn L ARS AR (1], )
ZRIFPE R 2R, 2013, 33(1): 50-55.]

LiuHY, Li L X, Stephen A, et al. Effects of dietary yeast
culture supplementation on growth, intestinal morpho-

logy, immunity, and disease resistance in Epinephelus

fuscoguttatusQ*Epinephelus lanceolatud [J]. Journal of

Guangdong Ocean University, 2021, 41(3): 1-11. [XI35A
5, ZE5L W%, Stephen A, 2. FEREELFRYIN B ER R IH A BT


https://doi.org/10.3969/j.issn.1673-9159.2018.01.003
https://doi.org/10.12131/20200186
https://doi.org/10.3969/j.issn.1673-9159.2021.05.001
https://doi.org/10.7541/2023.2022.0201
https://doi.org/10.3969/j.issn.1673-9159.2013.01.011
https://doi.org/10.3969/j.issn.1673-9159.2013.01.011

9 3 TREAR A PR AS 7] 525 5 B0 RS I AT R PRk o 4 I Sieslond FLAMEe et i A e e . BPRERIRT S Tl 1455
SR AR G 758 I8 5 F) R )

mARKYERE. WIERA . S DI RENI U 11 521 Tkl Tk, 2006, 27(16): 43-46.]
[ AR R 222441, 2021, 41(3): 1-11.] [53] Zhai Y, Xu R, He P, et al. A proteomics investigation of
[51] Liu W Z, Qiu D Q. Effect of Vibrio alginolyticus on nitric ‘immune priming’ in Penaeus vannamei as shown by
oxide and oxygen free radical in serum of Penaeus van- isobaric tags for relative and absolute quantification [J].
namei Boone [J]. Journal of Guangdong Ocean Uni- Fish & Shellfish Immunology, 2021(117): 140-147.
versity, 2007, 27(3): 60-63 [X|3L%, bRfiE 4. 15 B Xt [54] Anthoney N, Foldi I, Hidalgo A. Toll and Toll-like re-
JLGRTE XTI I35 —F AL B R A B R g m (1], ) ceptor signalling in development [J]. Development (Cam-
IR EERF 2], 2007, 27(3): 60-63.] bridge, England), 2018, 145(9): dev156018.
[52] Zhu H Y. Study on nitric oxide synthase in immunity of [55] Zhang S, Li C Z, Yan H, et al. Identification and function
aquatic animals [J]. Feed Industry, 2006, 27(16): 43-46. of myeloid differentiation factor 88 (MyD88) in Litope-
[RZERK. —BWRE KT %5 h a7 [1]. naeus vannamei [J]. PLoS One, 2012, 7(10): e47038.

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.
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