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BE: JHEA L TER (ARA) LA F AL 2RERBRRA NP H, LHhRE
LIRFH T G HMREFHER, BRI 6 AW, KA/ — BWHEAT 5 B0 BRAR 7 B B M 4T
AL A S 4, ML RE, 2R REHTEEE ARA (0.03%. 2.70%. 4.99%:
10.63%) By HBURL AR (95 & &y Z1~Z4 ) 5 56 & AR (D &) WA A (25). £RE
7, HCRE Ry M AT M E & (WGR) thA PR 4R F R AT, E A R AR 35 % (HSI) f & ARA
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I 4.99% ARA U Ao g 70 [ % v M AT AT SRR IR SR B AKCE, R AR b aEAE x
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SN C 1A F M BRI, P A B AU
SE N =9 | E 2N 3 e | B2 N R A 3P i 2
N EA AR A, TENLR A BERE At it
DAL 8= RN Ve P (= SN 1) | RN /-5 1§
CIRESTIERIANE QRS DI RPN 131 TR TS
ARA REHE AL HEP FE2e A K 5 SR

FURT, [ L SRR i e v 2 i B o
Btk B35 AT e H T E AR, 7ER L
S IR RN R SR, anfg e Tt
PEAR R 5 I AR E I, R [ A MR R A
i BB 725 K J (A% Lo TRD A TR AR 2R 0 TR o
UEA—, Al RS XF i 22 M EOR IOl i 1 fA
B BRI R ™, HRAR IR S B3 5, 7™
LR S R ek R, DR A
Tk, Pk, 20T R EIF AT RS R, A5
BRI ARA BERSIE L BATRIME T, RICK AR
B ARA BYFE U, 9 ARA T8 ML X HF 2%

A GBI A 640 St PR AR AT
1 MESTE

1.1 GERENE

SEUF 4 FhAK ORI AR (21, 22, Z3 Fil Z4) ¥
FRAERE R RS T, DAfAky . B ARV A
BRI, i, RSB . ARA/DHA-4l
T AE A Mg 105 AU, ELAREC 7 S BRAE 3T AR 43
21, EARBEMIBRA R L FE 2. TADRHERL R IS
F 80 H i Wik i, BAIRAT, AR B E—
H (1kg), PAAIMACE, Z1~Z4 H5MmA 0. 10,
20 1 40 g ARA Zlifbilh, b T b A5 7 1R R 455
o3, RAB R KW T R g 5 KT B T
BB B b P e DR, T RURL AL
FRUFFIRL A RL, TR AT Bk B £
27%, 4°C i,

#£1 SBEARAER (FURER)

Tab.1 Test feed composition (dry matter basis)

S AR HIE H/(g/kg)  content of different groups

ingredients 71 72 73 74
) fish meal 580 580 580 580
MRy krill powder 150 150 150 150
[ 4 soybean meal 100 100 100 100
3 fish oil 45 35 25 5
KEGR@ARM  soy lecithin oil 20 20 20 20
ARA-#lifkili  arachidonic acid purified oil 0 10 20 40
DHA-4{itkiill  purified docosahexaenoic acid oil 10 10 10 10
B ZTIRAEL  vitamin premix 10 10 10 10
B IR TIER  mineral premix 10 10 10 10
Fi47  adhesive 25 25 25 25
AR 4EZR  microcrystalline cellulose 27.6 27.6 27.6 27.6
R — &4 calcium dihydrogen phosphate 20 20 20 20
SALNERS choline chloride 2 2 2 2
Ki#7  fungicide 0.2 0.2 0.2 0.2
A EEVEM  ethoxyquin 0.2 0.2 0.2 0.2
EFENS approximate composition
HI&E /%  crude protein 4721 4721 47.21 47.21
MR/ %  crude fat 14.48 14.48 14.48 14.48
HLIKS3/%  coarse ash 14.74 14.74 14.74 14.74
JBBE/(MJ/kg)  total energy 26.65 26.65 26.65 26.65

I A RHE RS B A RERR A IR AT : ARA-ZIALIN 540%;: DHA-ZLIN & 870%. G SaE R AR R HET
8, SEETEINESIR OKF=ahE 7 5 E) B9,

Notes: All feed ingredients were purchased from Guangdong Haida Group Co., Ltd.; among them, ARA purified oil content is 40%; DHA purified oil
content is 70%. The approximate composition, total energy, and protein energy ratio are theoretical values, and the calculation method for total energy

refers to "Aquatic Animal Nutrition and Feed Science" >,
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F2 MMAR S EEHERER (H2ERERIE D, %)
Tab.2 Fatty acid composition of four types of feed and clam worms (percentage of total fatty acids,%)
[ #LH groups

fatty acids Z1 72 Z3 z4 Wik
C12:0 0.099 0.058 0.078 0.088 NC
C14:0 5.360 6.260 4.250 4.700 0.400
C15:0 0.431 0.245 0.322 0.375 0.400
C16:0 11.300 14.600 11.900 17.900 22.667
C17:0 1.790 0.669 0.745 0.749 0.900
C18:0 3.480 4.610 4.040 3.820 4.133
C20:0 0.355 0.481 1.415 0.385 0.167
C22:0 0.175 0.800 0.511 0.351 0.200
C24:0 0.182 0.666 0.440 0.329 NC
XSFA 23.172 28.389 23.701 28.697 28.877
Cl14:1n9 0.057 0.000 0.052 0.052 NC
Cl16:1n7 5.140 17.730 5.800 4.400 2.733
C18:1n9 16.400 18.700 17.600 17.000 8.967
C20:1n9 2.540 2.230 2.380 2.400 3.533
C22:1n9 0.410 0.412 0.416 0.407 0.100
C24:1n9 0.388 0.329 0.341 0.353 NC
IMUFA 24.935 39.401 26.589 24.612 15.333
C18:2n6(LA) 9.140 9.360 9.140 9.110 13.400
C18:3n3(ALA) 1.380 1.220 3.310 1.400 1.600
C18:3n6 1.137 0.682 2.425 0.279 NC
C20:2n6 0.156 0.222 0.187 0.173 11.000
C20:3n3 0.096 0.199 0.154 0.122 0.400
C20:3n6 0.104 0.421 0.270 0.190 0.633
C20:4n6(ARA) 0.030 2.700 4.990 10.630 2.876
C20:5n3(EPA) 5.340 4.170 5.560 6.420 4.133
C22:6n3(DHA) 9.580 10.680 10.140 10.600 0.700
C22:2n6 NC NC NC NC 0.267
~PUFA 26.963 29.624 36.176 38.924 35.009
>n-6 PUFA 10.567 13.385 17.012 20.383 28.176
>n-3 PUFA 16.396 16.269 19.164 18.542 6.833
Cn-6/Cn-3 0.644 0.823 0.888 1.099 4.123
DHA/EPA 1.794 2.561 1.824 1.651 0.169
ARA/(DHA/EPA) 0.170 1.054 2.736 6.439 17.018
Y PUFA/YSFA 1.164 1.044 1.526 1.356 1.212
HAt 17.300 11.800 14.200 15.400 20.800

VE: PPRHIR IR th A m A efC A, Vb 2R AR I A A AR R AN B bR S A I BOR B TGN, R EFRGB 5009.168—2016;
NCRE AR -

Notes: Feed fatty acids were measured by the Analytical Center of Haida Company, while clam worms were tested by the Institute of Quality Standards
& Testing Technology for Agro-products, Fujian Academy of Agricultural Sciences, using the national standard GB 5009.168-2016; NC represents

undetected.

1.2 LI R FELW

SCU BT LA X A IR T AR U A AR AT A
PR R A R[] —HEUHR, SRR, 3% ) Rk,

R E K7 2: 2 E /) sponsored by China Society of Fisheries

6 Hiy, R T BaEE, MMM R iAK S
RT3 90 (14.16 +£0.10) cm, (64.10+0.35) g, B
MARAR VIR 5 SRR LR AR K SR 43510 (13.10 £
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0.14) cm, (49.30 + 0.93) g, %4 15 X%F2EUF, M
HESY PR T 2 m® Wi BT i b, FRA KA Ry
1000 L, Stk 1 me/kKyeit, SEfbkiky S00 L,
FARF )G LRIER T, BRI
RS Z1 HECATARRR AR, SCEe R AR 6 &,
H SEB6G 2 (Z1~Z4) TRURE )AL $5 R 1 L Sy R 4%
MR 1%, 478 (Z25) BRF I pliba, HpE
WA —8, FRA/KIRYEFRFAE 28~29 °C, HFfbK
RAERFTE 30.5 °C, B (DO)=5 mg/L, S
A <0.5 mg/L, W AH R #<0.1 mg/L, pH 8.0~8.5,
RRFMHRK 2 K, BRIIK 50%, R RPEEME
B BRI ERR AT 2 AE AL, RERR 3 Rgeit
PR S ARG, FESCEREEAT 12 d BPICER 1 IRZ
KO 5Tk, KGR 6 KRE 1 IR, 7
S5 AE T RE AA S B TH I 2R S R
(110.96°E, 19.92°N) 47, JH 30 do AW IR
15 T4 2 KA S YA BRI F S P B 2t
#E (BHIF (2021) 4 5), SCoenl B #aAE A 0™ 4%
LS SE /N L (be 7 BIIRENNIP I 19 18 S Sy N3 (LI
2 7 1) R ) BEPRAT o
1.3 #RKE

S5 ) [RDUSCHE 1 245 B 5 S AR B A7 T
RO, TLRETAAHFE 12 h JFR A4
B, PREUFMANE . AR E R, REMSINE
5T IBAR B W5 PR AF T RNA Wait 57, —20 °C

A, JHT RNASRE, HAR BB THRAT,
P AEBREEbRAG I

1.4 LB EE PCR

¥ B RNA HEBUR K & (Promega) Ui B 21K
P55 AR RNA, IR 1% B B H kR ) 5 4%
P, 8 ND-1000 73 060 i [ R B (RiEF)
BT BRZS 7 ] AT L RNA i, 3% IR 5% Sk
7 & (Biosharp) % 3K fill A 4 pL 5xReaction, 3 pL
Supre Enzyme Mix F13if Bl RNA, P FH JCA% 2 il 7K
#MNEZE 25 L, FAMRA]. PCR VAT R 25 °C,
10 min; 55°C, 15min; 85°C, 5 min & IFERNE
J cDNA #5825 BT S AR BER B 10% . 100
cDNA #i4 ] T )5 2251 W) 5 ik 5 52 i) 2¢Ol o
PCR (qRT-PCR). DA 100xcDNA N #i#y , S-actin
FNSHEEN, K ZR N 10 uL (4.5 uL 100xcDNA |
5 uL 2xUniversal SYBR Qpcr Mix, ¥ & & 0.01
mol/L Y IF 2 51 ¥ 4% 0.25 uL), PCR JZ B 4 14F N
95 °C Z%¥4: 10 min; 95°C 15s, 60°C 1 min, 72 °C
30s, 45 DA, KaAr g il L me i th 22
IEH o AR qRT-PCR AL [ FEER CH R B (1)
A B\ TR C A TS A A X 3R A
RQfH (2724, ACFHMIEH M CH - WS35
CHE, AACFH—THRPACAE - BLUERE
a ACHA), BARGIIF S ILEE 3,

%3 qRT-PCR 3|¥%%)
Tab.3 Primers used for qRT-PCR

A 3 1(5—3) RI519(5-3) IS

gene forward primer (5'— 3') reverse primer (5'— 3') GenBank no.
p-actin AAGTAGCCGCCCTGGTTGT GGATACCTCGCTTGCTCTGG AF300705.2
Vig AAGTGCGTGGATTTGTTTTGG TTCTCGAAGTCGGTAGGGATG AY283276.1
VtgR TTTCCTTGGACCCCGTTAGC CATGCTGCATTCTCTGTCGC MN807241.1
VASA GGGTGAGGGAAGTGAGGAAAA CCTGATACATTGGCTGGAACG DQ095772.2
DMC1 GGACCCGAAGAAACCGATTG ATACCTCCTGCCGTGATAGC HQ116385.1
StAR ACAGTTGGAGCGTGTAAGGG GAGTTTACAGTCTCCCAGGCT XM027357307.1
FAMeT2 GTGGTGTGCTGTGAAGAGGA CTCCCCAACCTGTGCAGTAG DQ067632.1
MnSOD ACTGGTTCCGTTGCTTGGC ACGCTCATTCACGTTCTCCC DQO005531.1
Cat AATGCGATTTCAAGTGGCG GTAATTCTTTGGATTGCGGTCA AY518322.1
Ferritin CAAGTCCGCCAGAACTACCA TCCAGACCAGTGCCCCATT AY955373.1
HIF-la GTCATCCCAGAACAACAACAGAG CCGCACCCCATAAGAAATCA FJ807918.1
FAS ATGAAGGCTCTGGGTGTTGG TGGTCTTGAAAGTGGTGGTCG HM535967.1
SREPB TCTGGCGACACCGTAAACA TGGAGGATCTGCCGAGTTAT MG770374.1
FATB GGCTTCGTGTCGGTGCTTT GCGGCGTCTCCTTTCCTAA KY271629.1
PL CCGGCAATAAGGACAAGTCG TACTCGTAGCCGCTCTTCTG KJ013599.1

W I NCBIEE PRI H I EICDSFP 41, g & 514 i AR AR (i) Bt A IR A B &
Notes: The CDS of target genes was obtained through the NCBI database, and their quantitative primers were synthesized by Shanghai Sangong

Biotechnology Company Limited.
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15 SEBIERSEMER A 1SN

F R i B A A ) TR 5 T R i
AFI 5 PL A 6T R 2 AR S J A AN 4 (A bt 48010 5 A
S pE e bR, FLAARME R & WL 4. IR R R
A3 A6 I K H B AR GB 5009.168—2016(1£ 4 42 4> [

GEBRER it PR W (00 5 P o =3k —3k ) ik
PRI, 4 Bl BOBURL RDRE 22 4T ) 2R R A B4y
AT B ARSI PO AR, RS2 U0 S U AR A
e A B2 B AR M 5 i AR AE 5 A I B AR W
Ik .

x4 AMRFAAEEERENNTE

Tab.4 The physiological indicator detection kit used in this research institute

Eiztan T P i)

index method product originates article no.
TB TR bR A AR A ) AR TR WO41-1-1
AKP T bR R A ) TRERE ST RT A059-2
ACP TR BpR i B R A L RE ST A060-2
T-AOC ABTS: B R ) TR S BT A015-2-1
GSH [EURES T A A ) AR T T A006-2-1
SOD WST-17% A U A ) AR TR A001-3
MDA TBA%: R A TR S P A001-3

VE: TB. BWEMASE: AKP. BIEBRRE: ACP. BRVEBEIREE: T-AOC. MITEALAE)1; GSH. ERBAMEHIL: SOD. MLk Ll MDA.

WEE T

Notes: TB. total protein content; AKP. alkaline phosphatase; ACP. acid phosphatase; T-AOC. total antioxidant capacity; GSH. reduced glutathione;

SOD. superoxide dismutase; MDA. malondialdehyde; the same below.

L6 HERGFIHFEDH

R (WGR, %)=(W~W,) W x100%:;

HF R AE 5L (HSI, %)= Wi/ W x100%;

H 2K (NMF, B/ H ) = Zp=1 F1+
Fry+---+F,

BB (TEP, Q) = L= E1 B2+ oo+
Ey,

AR (TNN, H)y=Zho Ni+Na+-o+
Ny

37 B (AAE, HU/JE )= TEP/NMF;

Ak (AAN, H/RE)=TNN/NMF;

4L (HR, %)=TNN/TEPx100%;
Krp, wARRL KT, w RE PR E,
Wy RRENBEMREE, F, RELEIWN A H 28
WYL, E, QRSB ST R o4k, N,
AR T W E et R g it . AR R H
SPSS 20.0 #AF X E AT Gt oA, SN ETT
20T, 225 03 W 31T Duncan £2 8 L #,
B 488 - Y {E A5 HE 22 (mean + SD) R, fik
&K R P<0.05; 2K GraphPad Prism.v8.0 %X
HAEE,

2 4

2.1 FREERS AR AR

R Wi BR R 45 SR 7R, Z1 ~ Z4 4 ARA & i

R E K7 2: 2 E /) sponsored by China Society of Fisheries

3591 R 0.03%., 2.70%. 4.99% Fl 10.63%, b7
ARA FiE5 722 HAIT, M 2.876%(FE 5). 45525
ZH fE AF AN 1A 3% B R (WRG) L Z5 4 2 3 4 Tt
(P<0.05); £ T B AR F5 £ (HSD) B & ARA &
Eb 461 7 38 185 52 ISR T IS B Y AR A, R R Z3
ZH HSI s, MMENRYE 22, Z3H F 5 25 H LR
S, HZ1 4t 75 45 E K (P<0.05)(Fk 5).
[R] B & B0 H 32 65 L D0 (NMF)Z2 i, Z1 4
A% ; F7 0 E (AAE) 5T 440150 (ANN)
BE A ARA WS GG (1 385 0 52 S0 AS 7 I T i) R 4
AAE e 40 Z4 41, i Z3. Z4 41 ANN H A=
2l ; HR BEE ARA BN G4 38 in 2 BLE TG
R BARRaE F 73 dfes, 21 dEfk (& 6).

2.2 HETUEES (ARA) X FLAAXTAR 5 2 BT AR AR
54 E IR LIS

BRI S PTEALRE ST (T-AOC) Ll 25,
S 56 21 Hh O R I8 R R AR B H K (GSH) 7E Z2 4 B
m, RS ZSHTREES, ML 24 A5,
5 HAb4H EA B 25 (P<0.05), HKH 72 4,
R 75 AR EXES . MIF 21 A E /AL
fiff (SOD) i My, HKh Z2 4, Z1 4 SOD [
WHRY 28R F25, 724 SOD #i% 5 Z5
MR EZES, W (MDA) & &7 1k A
(# 7); MERF SOD WG [FIAE Z1 Ay, 5254
M z3 HEA W E XS (P<0.05), MDA & #7484k
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<Br

F=5 AE ARAGRMEEXT FLAXTERFEAE KM EERIF T

Tab. 5 Effect of different ARA content on the growth performance of P. vannamei parents %
WGR HSI
A7 - - - -
groups e i R TR

female shrimp male shrimp female shrimp male shrimp
Z1 32.14+13.90° 34.80+8.02" 2.72+0.10" 2.45+0.27"
z2 38.36+11.82° 27.29+7.94* 2.60£0.21% 2.93+0.18°
73 30.67+14.77° 29.02+10.41° 3.170.55 2.89+0.17°
Z4 35.12+9.88" 30.84+5.95" 2.26+0.24* 2.66+0.08™
Z5 14.51+7.08" 33.10+12.65" 3.13+0.10% 2.97+0.22°

e FISIEHRAREA NG TR B EEE R (P<0.05), T

Notes: Different lowercase letters in the same column of data indicate significant differences (P<0.05), the same below.

®6 [ ARA RS B3 FLAASTERFE A EIE M RE AT

Tab. 6 Effect of different ARA addition levels on the reproductive performance of P. vannamei parents

gf%fgs NMF/(/H) AAE/(HUJE) ANN/(H/JE) HR/%
Z1 38 413 465.61 185 396.83 44.84
Z2 70 434 787.44 212 340.58 48.84
73 56 389277.78 261 055.56 67.06
Z4 52 492 056.48 286 452.31 58.22
z5 63 438 576.92 214 070.51 48.81

7 I[E ARA FRINE X LT ERAT R BRI S LR AR A 2200

Tab.7 Effect of different ARA addition levels on antioxidant index of hepatopancreas in female P. vannamei

febr  indicator

)

group T-AOC/ GSH/ SOD/ MDA
(mmol/L) (nmol/g prot) (U/mg prot) (nmol/mg prot)
Z1 4.93+0.55° 14.73£1.73° 7.810.67° 1.27+0.32°
Z2 4.50+0.53" 22.60+3.38° 7.62£1.13% 1.04+0.67°
Z3 4.77+0.06 7.67+0. 32° 4.3140.43° 3.68+0.81"
z4 4.54+0.22° 11.02+1.15% 5.46+0.70" 3.04+0.33"
Z5 4.59+0.41" 20.0943.04° 6.58+0.67° 1.30+0.79°

HZ A (3% 8)o RIFIF MR iR 1 W W2 i (ACP)
LB IR I (AKP) WG VEFE 22 i, B Z2 41
HERF ACP 35 Z1 41 AH LG W 35 25 541, ACP
5 AKP {5 HAB LA L B 35 4R T (P<0.05); 4
& ACP 5 AKP i PERES ARA B850 st i 3% fin 43
VIEES N TP =RoE wb e PN L N i [
ZAMY5 73 HisveEcs, Hrh z4 41 ACP IE R
H57Z3HICRFEES, 73 4 AKP 5HALK M I
B ERTE (P<0.05)(F 9). T Z3 41 3 4R A= B4R A5
R —E e, R T GSH & & . SOD.
ACP 5 AKP iG4: K, MDA & & B F T+ (P<
0.05)(# 7~% 9).

https://www.china-fishery.cn

2.3 HETGER (ARA) XF LA AR 245 50 A5 i
R A% 53 B9 52 i)

% 4 % K5 99 ISFA. IMUFA., XPUFA 5
YPUFA/YSFA TG it # 2 5%, Yn-3 PUFA, DHA/
EPA 5 Cn-3/Cn-6 i ARA %311 EG 5] A 186 o 52 3
AW TR EH, MiYn-6 PUFA 23R FTHT
@, Hp 54 HM Ik Z4 AR C17: 0,
Cl18: 0. C18:3n3(ALA). C20:3n6 5 C20:4n6(ARA)
iR TF (P<0.05), Cl6: 0 % & AL (P<0.05);
Z1~7Z3 41 C22:6n3(DHA) i 3% # 7+ (P<0.05), Z1
5 73 41 C18:2n6(LA) Fl Z2 41 C16:1n7 i 35 [ A%
(P<0.05)(5 10)
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&8 [E] ARA FRINE XM N X ENAT AR AR 41 E LR AR S

Tab.8 Effect of different ARA addition levels on antioxidant index of hepatopancreas in male P. vannamei

¥8F5  indicator

5
group T-AOC/ GSH/ SOD/ MDA/
(mmol/L) (nmol/g prot) (U/mg prot) (nmol/mg prot)

Z1 4.61+0.38" 8.08+1.15° 10.21+1.45° 1.86+0.71°

z2 4.43+0.84" 20.00+6.15° 8.71+1.09% 2.53+0.73"

Z3 4.61+0.59* 4.50+0.59* 5.70+0.52° 6.68+2.09°

Z4 4.99+0.22° 39.21+5.07° 9.28+1.15° 1.65+0.87°

Z5 4.4340.48" 23.57+2.86" 7.42+0.86° 4.31+0.85

R9 A[E ARA RINEX LARTENE AR R S SiFIEHF 514 IR IR0
Tab.9 Effects of different ARA addition levels on non-specific immune indicators of
the hepatopancreas and nauplius of P. vannamei parents
fibr  indicator
7 ACP /(42 K Hhi /g prot) AKP /(4 IR #.£5/g prot)
o AT T ik WA AT ik
female shrimp male shrimp nauplius female shrimp male shrimp nauplius

Z1 24.36+2.69% 30.37+1.42° 8.9240.50° 27.82+4.39" 32.91+3.43° 6.19+0.58"
Z2 25.03+2.27° 50.32+6.29° 15.73+1.70° 35.39+6.72° 61.24+3.42° 10.14+0.30°
73 17.36+1.82" 24.30+1.57" 18.17+1.18° 19.314£2.99* 37.70+5.14® 12.75+1.40¢
Z4 21.4242.06" 40.43£6.61° 18.76+0.47° 31.41£5.88% 41.22+4.77° 7.68+0.85"
z5 19.23£2.01° 30.67+1.62° 14.94£0.59 22.1742.35® 36.95+3.12" 8.65+0.59"

24 LTSRS (ARA) XL £ E E R
e

B ARA WIS LT, BRET vig. VigR.
VASA. FAMeT2 [Nk 2 THE BRI BRI 3
Z3 4 Vig, VASA. FAMeT2 ik, VigR #ik
B, W Dmel 5 StAR Fik 5 725 AL B %
25 MEYF Ferritin #IRF A TR EZR, Z3 4
MnSOD. Cat, HIF-la &35 H 8L 35 F %, HERF
HIF-la RIKFHB TR E 2SS, Z1~2Z3 4 Cat 5
Ferritin &35 16 25 4 B & & 5 (P<0.05), MnSOD
RKiLH ZSH LW % 25 . 73 H AR AR b
SREPB. FATB Fl PL % ik = , H v SREPB I
PL F3k L0 45 4 i % $2 5 (P<0.05), FATB ikt
74-75 41 W F R TF (P<0.05), RN A AA 23 4
FAS ik 5 75 w25 (B 1),

3 e
3.1 TEHEMEES (ARA) X LAXTINEASER
£ KRS0

AR E AT LR FE AT B AR

R E K7 2: 2 E /) sponsored by China Society of Fisheries

PUAE R B ER RE FR= H FORBE IR R &
RGP ORGSR SR AN R AN B
R TT R 2 fifT U AL A A EE R, e A B
ARA 1B R FLGIRT IR0 B R 2 — 7, XML AR
PEMLRE R HEEEAEH, Furuita %% Y6 F #F (Para-
lichthys olivaceus) 7% 4 W & B ARA 1] $& T} 32 K5 bl
WEAL RS G R TG R, AEARFSE P [FIRE & 3K Z3
AR, B A = e s, X
5ok E R PTLE FLAN AT IRk B8 ARA RSB I i i
O 5L RS ARIR], A A RS A Y
P AT REAE ToE AR IR A & & B BEASTE, Tkl o
535 77 ORI A . BT AWESE & BN HUFA {it
N AT BB TR B Y, I A5 R R ke R 4 1
ACP 5 AKP [ 1E 4.99% ARA ¥ il 20 3% 1k %5 4,
A DLTE R AR R 4.99% ARA REMSTE—EFLHEE [
PEFFGh R i AR R e e

BE DR 2R 5K = R AR 8 1] 42 e AL A4 AF B AR 4L
TERRE R AN 4.99% ARA ] 42 15 0P 8 vrg (9P 8
) F VigR (U9 BT 5 24K B By Rk,
{H.10.63% ARA (TR INENFEAL vig F1 VigR ik,
Vig J& T4 U0 A 3 B 8 B R RTRSY, LA K
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F10 HAZHEOREAERAR (55

BEAREREY B TLE, %)

Tab. 10 Fatty acid composition of fertilized eggs in each group (percentage of total fatty acids,%)

D 3 groups
fatty acids Z1 72 73 74 z5
C14:0 1.6240.23" 1.55+0.05° 1.73£0.06™ 1.93+0.06" 1.7340.09"
C15:0 0.43+0.04* 0.46£0.01° 0.45+0.03" 0.53+0.06" 0.47+0.01"°
C16:0 26.02+0.33" 25.77+0.08" 25.79+0.24° 24.87+0.45° 26.26+0.52°
C17:0 0.63+0.05" 0.67+0.01° 0.65+0.02° 0.77+0.06° 0.67+0.02"
C18:0 3.08+0.08" 3.05+0.17° 2.96+0.14" 3.73+0.40° 3.1940.16"
€20:0 0.500.09" 0.44+0.03" 0.46+0.01° 0.50+0.00° 0.49+0.05
SSFA 32.27+0.71° 31.930.01° 32.03+0.33" 32.33+0.90° 32.81+0.68"
Cl16:1n7 4.89+0.53" 4.39+0.40° 4.85+0.36™ 4.63£0.21° 5.34+0.23°
C18:1n9 18.53+0.76" 18.36+0.68" 18.34+0.86" 17.93+0.67° 18.24+0.84°
C20:1n9 1.05+0.05" 0.97+0.02° 0.99+0.03" 1.03+0.06" 0.97+0.10°
SMUFA 24.47+1.06" 23.7120.99° 24.18+1.09° 23.60+0.66" 24.55+1.01°
C18:2n6(LA) 9.42+0.42" 10.13£0.20% 9.68+0.11" 10.00+0.10™ 10.30+0.46°
C18:3n3(ALA) 0.49+0.06" 0.51+0.02° 0.50+0.03" 0.60+0.00° 0.51+0.03°
C18:3n6 0.08+0.02* 0.07+0.00°" 0.070.00" 0.10+0.00° 0.07+0.01°
C20:2n6 3.46+0.32" 3.71+0.06" 3.61+0.22° 3.53+0.23° 3.87+0.10°
C20:3n3 0.19+0.01° 0.20+0.01° 0.20+0.01° 0.20+0.00° 0.20+0.01°
C20:3n6 0.36+0.03" 0.38+0.02° 0.39+0.02" 0.47+0.06° 0.40+0.01°
C20:4n6(ARA) 2.36+0.34" 2.70+0.20° 2.75+0.33" 3.50+0.10° 2.54+0.34"
C20:5n3(EPA) 6.88+0.34" 7.29+0.39° 7.00:0.69" 6.77+0.32" 6.65+0.75"
C22:6n3(DHA) 10.00+0.65" 9.50+0.48" 9.61+0.44° 8.27+0.58" 7.93+0.87
SPUFA 33.23+1.76" 34.47+1.14° 33.81+1.15° 33.430.45° 32.47+1.62°
Yn-6 PUFA 15.67+1.02° 16.98+0.31° 16.50+0.32" 17.60+0.10° 17.18+0.64"
Sn-3 PUFA 17.56+0.76° 17.49£0.87° 17.31£1.14° 15.83+0.55% 15.28+1.54°
Cn-3/Cn-6 1.12+0.03° 1.030.04° 1.05+0.07° 0.90+0.04* 0.89+0.10°
DHA/EPA 1.46£0.12° 1.30+£0.01"™ 1.38+0.08"™ 1.2240.12" 1.19:£0.09°
YPUFA/YSFA 1.03+0.08" 1.08+0.04° 1.06+0.03" 1.03+0.03" 0.99+0.07*
HAth  other 10.03+0.43" 10.03+0.16" 10.03+0.24° 10.030.15* 10.03+0.18"
FRAL AT 43 Ry IR 5 AN IR MY A TEPE G Y f1%) R 2 b B AR Y, T 2 [ R EOCR RE AR S )

Vig 233853 VigR -5 (8 AR AR TR s 3 B £ 40
Mot B, Vig 5 VigR B3 E KX IR A B
%ﬁﬂ%?yﬁﬁ@?ﬂ%ﬂéﬁ%%f’ﬁﬁﬁ TEH FEsh ¥,

F LB R (MF) [RIFEREAS e dE O B AL, B LAY
A, Mk JER W IR B (FAMeT) 1B Ak e

fi (FA) AL MF (19 S RS ED, X6 B 5 i
%tﬁﬁ%ﬁm VASA 5% Wi A= 58 240 it 1) 43 A A
U, AE v E B X UR R R B VASA R AV AE LT
ﬁ%% o, HEWT VASA ST R A w5
IE RSB AT M, 4.99% ARA T8I 2H B L1
FAMeT2 5 VASA Fik fedi, 10.63% ARA US4
E%ﬁﬁ%%ﬁ Al I, 4.99% ARA VN RE {2
HE LA XTHR IR S0P AL R, (H 78 ARA S
1. Dmcl J& T RecA/Rad51 #B %, NHsig s34
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T 0 B r R [ P ) el 2 A R i 4 AR
mAmﬁ%ﬁHW&ﬁmomiﬁﬁﬁw 0.03%
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B GH (25) TR E =S, o] WAERRE g
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E1 ARA SFLAXTERMERRLZ B . SRR EEXERNEID
() Vig; (b) VigR; (c) VASA; (d) FAMeT2; (e) Dmcl; (f) StAR; (g) Al (h) MnSOD; (i) A1 (j) Cat; (k) M1 (1) Ferritin; (m) Al (n) HIF-1a; (o)
FAS; (p) SREPB; (q) FATB; (r) PL. HREHIREAF /NG FRARERA B EMEZER (P<0.05).

Fig. 1 Effects of ARA on genes related to gonadal development, oxidative stress and

lipid metabolism in the P. vannamei
(a) Vtg; (b) VigR; (c) VASA; (d) FAMeT2; (e) Dmcl; (f) StAR; (g) and (h) MnSOD:; (i) and (j) Cat; (k) and (1) Ferritin; (m) and (n) HIF-1a; (o) FAS; (p)
SREPB; (q) FATB; (r) PL. Different lowercase letters in the bar chart represent significant differences (P<0.05).

P, AR BLAAR P9 Y 6 25 10 G 0 70 B AT ok i D
At 5 HE 22 50 B 1k S A P 1 B AR Y, A
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XPTEREENG . AR IR SRR R R BERE 1Y,
3 Ao A I 2 b [ A AT B B ML 1 470 4 A e
AWFFEEE R BoR, MEUR GSH 7E 22 5 74 4l &84
=, HHEER Z2 20 GSH & & 5 4 7= 4 AH LI
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Effects of arachidonic acid (ARA) on reproduction, immunity, and
lipid metabolism of Penaeus vannamei broodstocks

ZHONG Xiao', XUBin? LIU Jiaxin?, WANG Yilei "

(1. State Key Laboratory of Mariculture Breeding, Fisheries College, Jimei University, Xiamen 361021, China,
2. Guangdong Hisenor Group Co., Ltd, Guangzhou 511400, China)

Abstract: Pacific white shrimp (Penaeus vannamei) is a staple in aquaculture due to its rapid growth cycle, adapt-
ability to both freshwater and saltwater, broad temperature tolerance, minimal nutritional needs, and high meat
yield. It is recognized the Chinese shrimp (P. chinensis) and black tiger shrimp (P. monodon), as one of the three
most important shrimp species for global aquaculture. The industry's sustainable growth hinges on the develop-
ment of superior feed, breeding of high-quality stocks, and the provision of premium seedlings to enhance the
reproductive performance and quality of the Pacific white shrimp's offspring. The research investigates the impact
of arachidonic acid (ARA) on the reproduction, immunity, and lipid metabolism of the Pacific white shrimp's
broodstock, offering insights for selective breeding and feed formulation. Males at six months of age and unilater-
ally eyestalk-ablated female shrimps were selected to reflect actual breeding practices. They were randomly
assigned to five groups, with females and males reared separately. The groups were fed with different levels of
ARA (0.03%, 2.70%, 4.99%, 10.63%) in pelleted feed (designated as Z1-Z4) and a control group with natural feed
(clam worms) (designated as Z5). Findings indicate that the weight gain rate (WG) of female shrimps on the pel-
leted feed was significantly superior to the control. The hepatopancreatic index (HSI) of the broodstock showed an
initial increase followed by a decrease with escalating ARA concentrations. At an ARA concentration 4.99%,
optimal hepatopancreatic development, peak hatching rate, and superior larval yield and quality were observed,
along with heightened expression of genes pivotal to ovarian development (Vzg, VigR, VASA, and FAMeT?2).
This ARA level also modulated lipid metabolism in the female hepatopancreas, enhancing the expression of genes
associated with lipid processing and transport (PL, SREBP and FATB), thereby influencing the fatty acid profile of
fertilized eggs. Notably, it elevated the functional fatty acid DHA content and adjusted the ratios of > n-3 and Y n-6
polyunsaturated fatty acids (PUFA). Due to the antagonistic relationship between reproduction and immunity, this
ARA concentration led to a reduction in oxidant stress and non-specific immune responses. In conclusion, differ-
ent ARA levels in feed significantly influence the growth, reproductive success, immune function, and lipid meta-
bolism of the Pacific white shrimp's broodstock. To prioritize reproductive performance, an ARA content of 4.99%
in the broodstock feed is recommended for its positive effects on ovary development and larval production, offer-

ing valuable guidance for the ARA application during the breeding phase of the Pacific white shrimp.
Key words: Penaeus vannamei; arachidonic acid; reproduction; immunity; lipid metabolism
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