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AR A [En-3/m-6A5 FAEL EL (B X B A BAME <. EMALE Sy
MEME X HEXEREFTRIANZNY

BRE', X %Y, XRKEV, Am2’, WEE
(L. m R Rl %P, L7 T8 214081

2. R E KA B AR B i K I T oty , VIR B85 214081)

FEE: A F AR Fn-3/n-65 B 8L L (X B AR AR £ KM RE . R R Rt v A AL B
K E, %It T S R En-3/n-6f8 k& L (D1: 0.29. D2: 0.56. D3: 1.02. D4:
220, D5: 852 A K MEiAR, HTTSARA LY, FAR4INEEL, ENEHSE
Mo BRI, FAEn-3m-6f5 B L X B AP I FEESRL L E ¥ w,; B AP
B EF(WGR)Fn i & 4 K % (SGR)MLAA A s B BR tb B W 3 im sk FH B T, D34 & L8 %
B TDI4 . 4 %n-3/n-6/5 fi B Lb A& xt 45 R AL JiE B (CF)fo #l & & (CP)® i T %, D441 IT 4k
MR ZEE THM A4, DIANAEME AL EF ST TD2. DAfIDS4 . #F 4RI A M5 B B
P8 % A R B BR L B R, LA P n-3/n-6 /18 B BR Lt 5 48 R n-3/m-6 /18 B B LB R
EREFWEMK KR, &AM SN E(SOD)EDSH 3 2| &k & H & % /& TDI. D2Fn
D34, £ 5D4A = 7 A0 %; DIAAKMH KT AW B (GSH-Px) R & HE F| T HM
%4 ; DS miER —B(MDA)S & B Z % TDURD34 . 474 I8 B B8 th (8 2+ B A8 i fF
SRR AN EE KA B w L%, DA4IHsp60%k ik &5 HE %5 TD54, €5DI1. D2
D341 % 7 F 0 %; D24 HspT0FnTollk k& m HE F 5 T HM A4 ,; DSHMyd88% ik
ERGHEZS THMA 4. SR, AR Fn-3/mn-65 % L& % 1.02~220, T T
ERGHABITWAKBEFMEFRRELE Y.

KREI: HABI; n-3m-6; £K; KAk, mFRAML; ERELE

hE DR S: S 963

T gk vh (8 g 105 AN AN AT LA Ry 55 5 B ) 4 1k
SR RE R R TR, I8 e S ALK B Ak 00 T IR D R
(essential fatty acid, EFA). ®iflg. [EEEIE NG H
PEAEA 2R, W B S W DLR 2 +5 A 1 B 45 4 R0 AR
H)fe", EFARIRAE R WA s A KT 55
HAR G ANGE S MECE & AR 2 H A K
L, WM A RHE AR TR . KanazawaSs Y
W R B, X RS BEA in-3F1n-6 2 51 I 5 2 &%
KB 2 A1 IR I 2 (long chain polyunsaturated
fatty acid, LC-PUFA), {H it 304F 1 i 5% & B1L,
XTUR AT DUF AR 7= A () S BERR R A, 2200 — R
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FEARDE 1 0-3/n-6 /1 7 R 1) LU AR (R sl AR AR 25 5%
i) 35 58 SN (R fER AR K, N f (Crenopharyngodon
idella)™' H AR Hn-3 =5 AN RN G 7 R (HUFA) &5 5tk
0~0.52%F, A= KAk BERE 17 #n-3 HUFAJKF-TH 5%
ifi BT, H 2455 kkn-3 HUFAZK -3k 5 0.83% 1
1.13%0, HARKPERE W2 TR, BRIn 45 R A
AE 4 (Labrax japonicus)™ . Th1E 5 & (Eriocheir
sinensis)'® . %% F & (Scylla serrata)” F1 =R T
¥ (Portunus trituberculatus)™ Y6 K., [FEE,
e /NS AR BT B Cyprinus carpio haematopterus)
FIBFFE R R B, T Rn-3/n-6 15 I R FL A AN ]
DIE— BB it m kg E R, HORFE L
B -3 /n-67K F- 23 5% W 118 A2 KR (GH)RY &
i, AFFA LA AL GH/BE S B A KT
(IGF)fli A 4 A OG5 4 9 7K S A, 32 1) 8L Hn-3/n-6 L
(ESEA

H A8 48 (Macrobrachium nipponense){& % &
W R, & T B B9 1] (Arthropoda) . ¢
Z¥(Crustacea), 1 /& H (Decapoda). /& IFHEl
(Palaemonidae) . A ¥R & (Macrobrachium), | iZ45%
A T3 S AR R AR A M DX, pR T PR e
. BERFE, SREEZIRKFHIMZ
—o JE104EK, FRE H AR FR5E ™ 5 — EOR
FEERE K, CA MR R, RS K
VR 5%~8%IM, AT H A TR AR A 3G % | 4y
S AR R g A s M il G MR, (HARDEEAS [F] -
3/n-618 i W2 LU AE X H ARE IR A | SRR 4L 45 |
PBT . AR I IR 2 1 B I 5 B A8 Ak 48 A A 52 ikl
Wit 2 — oY . I, AR SR C I S4H S
HH#, Hrn-3/n-65 158 LAE 73 51 00.29
0.56. 1.04. 2.20F18.52, LIRFEIAE h A Fln-3/n-
65 Wi R LL (A X H ARVHUR A . IR Ry . K
R D R 2H R % I Y T A Ak A AR I R
R H AR VE R B 2655 B 7 PR B L (AR i o

R R S RS RES

1.1 L& SEREHIME

SLERRL AR . BOH . KEWRAEA N
EEEAVE; Sk IR a-TE A
U5, o 3 RN fa i 3 W B T8 38 DR PR
O] o a8 A e AR e R v R A T Y R
15) 3k 8 15 B 15 7K SF- Fiin-3/m-6 FL A8, i 1 540 %5 4
EReTA RN (D1~DS), H 4 4 Hn-3/n-67KF- 535
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$70.29(D1). 0.56(D2). 1.04(D3). 2.20(D4).
8.52(D5), TAIECTy . BIRAMIWAEL, AL
TRHE R R e, 1L 60 H T, 4% IR IR
() B REBC 7 AT RRARE, 4R A R ) A e
PR HZERY REHEATIRA A, FRn—
SE B H R A 1) F T R T DL B 5% A2 A K
RAYE), SRJE FRUR AT B ML Bk AR 47 1.0
mm 1 YT OB RE, BT F 20 °CUKH - A7
#H .

1.2 SEWHERFEEIE

FRHH LU0 FH H AR VE AR A [ K R B A
Bt 1% 7K ¥l BIF 5 O B % R T R B b ) 2% 38
H AR E IR 15 Peake R i ol | BOAE e A
—HAR900)E, MAHEHO0.15g, FEHLI A
S, BHKREINELE, BPHEE4SEL,
201 A, MM EAZAL.8m, Mlm, LK
A TE) PR35 K A R 45~50 cm.,

SC AT, R AR hOiCE e e gkt TR
B, FRELfitil, CRIFH K% i A S mg/LL
b, HE/NT0.2 mg/L, il 37 5 K A5 E N
25~28 °C, pHH}7.0~8.5. HAVHIF/EE I Y11k
VR & IE 3T 4R B M S g ikl 4 % v s e i
3, A HIAET:30—8:00;5 11:30—12:00;
16:30—17:008- M1, B K L 0 M i &
M 2%~5%, I H a5 46 £ A AR K B0 A 3 >
o EMIWIS AR . FRAE N ISR .

SEHTE IR S LR N A A SEER S B AR
#, JEAM A AR E R A ER ;1R A A R,
W5t FR B A e 5%

1.3 #mXE&E

FIET ARG, PUk24 h, FREIFCRE
B, RIS ER(WG)., FaEEKHE(SGR). £
R (SR)FIH B R EU(FCR), 4341 HL20 B HF (45 4144~
Wi, EEAR BEAL S EBCS BAR) TR E A N, JEaE
=20 °CUKFEIRAE, TR 00T . RALE24
HF(RELHAAE, BEARBHICO R AR), AR vk L
VEBCRE o FWE A 0.2 mLATL5E ] Al — U 1 S A
B (5 320 J2 L AR HOR 24902 mL A i itk 12
WCFPEAE N, MFEAE4 COKR R E 12 W5, 1E
4°C, 3000 r/min5.L> 10 minfil 45 0L, MIHBA
PLEEE B T80 °CIR 7. RIERHAE A, A
I 5 I3 P A T AL Bl
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x1 ZRANELREEEFRYR

Tab. 1 Formulation and nutrit ional components of the experimental diet %

Myl diets

Ji Kl ingredients

D1 D2 D3 D4 D5
i}y fish meal 25.00 25.00 25.00 25.00 25.00
TAHH soybean meal 15.00 15.00 15.00 15.00 15.00
KEWRFFEA  soy protein concentrate 25.00 25.00 25.00 25.00 25.00
LISHE  squid paste 2.00 2.00 2.00 2.00 2.00
a-¥EF  o-starch 21.30 21.30 21.30 21.30 21.30
il soybean oil 6.00 4.50 3.00 1.50 0.00
fiylh fish oil 0.00 1.50 3.00 4.50 6.00
R A4 Ca(H,POy), 2.00 2.00 2.00 2.00 2.00
W3 ecdysone 0.20 0.20 0.20 0.20 0.20
YitE KRR vitamin premix 1.00 1.00 1.00 1.00 1.00
PR TEEE  mineral premix 1.00 1.00 1.00 1.00 1.00
50%%ALAEAL  50% choline chloride 0.50 0.50 0.50 0.50 0.50
YA F£C  vitamin ¢ 0.50 0.50 0.50 0.50 0.50
JHFEEE  cholesterol 0.50 0.50 0.50 0.50 0.50
EFRHRL  nutrient composition

#E A crude protein 39.77 39.77 39.77 39.77 39.77
FARWT  crude lipid 8.77 8.77 8.77 8.77 8.77
HLK4r  crude ash 6.91 6.91 6.91 6.91 6.91
WA EY  carbohydrate 31.63 31.63 31.63 31.63 31.63
WM Lys 261 2.61 2.61 2.61 2.61
HAMR Met 0.74 0.74 0.74 0.74 0.74
n-3 PUFA 0.95 1.41 1.88 2.35 2.81
n-6 PUFA 3.28 2.54 1.81 1.07 0.33
n-3/n-6 0.29 0.56 1.04 2.20 8.52

Ve MEAE B TR R IR th TG B S W PR A A PR A R

Notes: 'vitamin and *mineral additives were provided by Wuxi Hanove Animal Health Products Co., Ltd.

ARG, BFBRETHEAED, B
A A, 24 hi5 & T80 °CUKA NAR-AE.
T 2 T B iR A 56 i BT AR it 1) i TR A 45

1.4 H@mOHR

KRB R E LA M E BE L L
Y. FBERGE M 5000 5 2% (AOAC)I i 7 702,
S5 15 0 AR BE 5 T 105 °CHE I ML T3 A 4L T L
Ko HC K 4 P, R RO 11 P R P L I
AR UEATIE ;RIS 7 9 5 R PR 3

PEATINGE 5 RERK 5 5 R 5 9 971550 °CHy %%
AT E . RS R kS
GB/T 6434-2006; fak LA R Y& &t H A
T AR Y (%)=100%—(K 73 +HHLE 1 -+HRLIE
15 +HLIK 43 +HLEF 48)% o A UR R 53 0, ek
TR MK FREIC ), T8I KT R4
105 °CHE T4 hE R E LSk (Wa) o KA (%)=(W,—
W))W x100% , WF B iR ALR i, Z4S0X
SO0 5 ) 52 A5 7 4= h 4 S g i i . IR
T R 1 1 J5 7EK1100F 4 [ shHL IR & ZU il &
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BAS &, BIEHE TR L, Adp by
REANEM, HE TSP ERS60 cCHGE
L, W LR A 3

KFAR U B B AR R R By BRZE AR 2. 2R
T FRUA — P72 U o A ek B AR AL P g 5 7 2
BRI, B 43 B 4% 4 1 R A UL PR % )
BHRE G R F BB TR 43 B, 50 U 1R 1 i >R FH
Afh o BB H0=2 : 2« AR, 430l
1 mol/L KOH-H FE10.5 mol/LA B2 F 5 1 W fif fig
0 2 FP TR Ak, T IE B e A RS U R PP R . AR
i AL RS, B4 SO — T AL
10T . SAHEIE— TS B &1k . ir i
“h Trace DSQ GC/MSA BBk A ; a3 A Ay HP-
5MS, 30 mx0.25 mmx0.25 um, S AH @ EERAE 4
. SALEWEE250 °C; LR )E280 °C,
A THEFE T . #1850 °C, LA10 min/°CT+ =
280 °CIHfAFF10 min, #HE X S, o
WL A10 = 1, PEFERE: 1L, Fi%: EIE 1
P, (SR 1200V, BT 230°C,
DU AT IR . 150 °C, 2 41H(SCAN)JF i [H -
45~500 mau, A ZENISTHE I JE, HRCRE 5 s
P 5 P v b o S P, B R S R R R

o JE A8 AT M) 7 I35 BL 5 A B T P
5, SOD. MDA . GSH-Px¥JR FH A iR 7 &,
I 42 B R0 G UG B O vk AT, iR &8y
W B A B ) TR 5 AT PR A D

FLAAAR X K B KL 5 AT EIENTER
Toll#E Z K (Toll), DorsaliE 4 (Dorsal). Relishik
Fl (Relish) . BaEEESMEIH T 88(Myd88) . K 7 &
F160(Hsp60) FIFAK 5 45 111 70(Hsp70) 5 ] 1 5 55
PRSI (R 2) ARG B 2 78 0 3 PR B0 2545 19 B Y
SRR S AT, NS SR % p-
actin, H AVBEFH 20 S RNAMR IE Trizolik #E 1742
B, ffi FHTaKaRa/\ & PrimeScript™ RT reagent Kit
with gDNA Eraser(Perfect Real Time)if 7] &
(Cat#RRO47A)ZEBR M RNAH FIDNA, 184 5
RNAWJE , Ff /% 5% A cDNA, #] H Primer
Premier 5.07F Z& %048 & 1% 11 24 06 8 & 4 5% 1 51
Y, 519H B EER A TR RA R A,
H TaKaRaZ\ F] TB Green™Premix Ex Taq™II(Tli
RNaseH Plus)Pi 5 1507l & (Cat# RR820A), X%
i FHCFX96 Real-Time PCR Detection System,
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qRT-PCRIZ WK Z 20 uL, %86 BFEF: 95°C
ZMF5s, 60°CE&ME T34 s(EHELN40), 95°C
15s, 60°C 1 min, 95°C30s, 60°C 15s, M
mRNAF X 15 B F 2747434

&2 BXBIMAEWHEXEERT-PCRSIHFF
Tab.2 Primer sequences of antioxidant related genes in

M. nipponense used in the study

H 2 A ElEzlE2 ] K /bp
target gene primer sequences (5'-3") length
Toll CGACCTCCACGACAACAAGA 20
AAAGTTCCTGCACCAATGCG 20
Dorsal TACGACCAACGGACAAGAGC 20
CGCATTGTTGCTGTTTCCCA 20
Relish CGGGAAGTTTGGACGGCATA 20
TCGTTTAAGGCTGTCTGGCA 20
Myd88 ACAGCTTGAAACAGAAGCGG 20
CACATCGCTCAAGCTGACAC 20
Hsp60 GCCTTGCTTCGTTGTATGCC 20
GCATTCACACCTGCATTGGT 20
Hsp70 CTTTGAGGTGGCTGGATGGAA 21
GCAGTTCCGTGAATTTTGGCA 21
P-actin GTGCCCATCTACGAGGGTTA 20
CGTCAGGGAGCTCGTAAGAC 20

L5 MEIRFR

1715 K (survival rate, SR, %)=N,/N, x 100%

14§ K (weight gain rate, WGR, %) = (W,—W,)/
W,x100%

7 5E A4 K K (specific growth rate, SGR, %) =
(InW,—InW)/Tx100%

TH B} 2 #( (feed conversion ratio, FCR) =
W3/(Wy=W1)
A, N IR R R (R, NoWIRRECE (R,
W R SRR R B R (), W SRR BR BT B (),
TREAFEIE (), Wik R R Y (g).
1.6 BESTH

KOE HISPSS 25. 048K HEAT HLIN 23 5 22 43
(One-Way ANOVA), 42557 i FH}(P<0.05), X

M DuncanfGiE X & AT i E L2 HILE, if
B 45 8 DLSE B bR IR RN
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2 4R
2.1 (AR En-3/n-685 B B L 18 3T B A 5B R
4K RERI RN

)k H AN TRl n-3/m-6 /15 i R ELABL XS H AR Y3 SR A7
TR IC B (P>0.05), B 178 thn-3/n-6)15

0 P AL () TH v, 45 2L 1) H AR VR R oK 35 4 5
(FBW). WGR. SGREE L FJE TR, H
D3 A EFSGRATWGR A, H B %/ T D14l
(P<0.05), {H5HAthfm R 1922 55 A4 183 (P>0.05)
(#%3). HHABMEBI AL, D3, D4, DSAK
FCR i Z 1% T D14H (P<0.05).

3 AR-3m-6f5 B EL LL B 3T B A TBARAE K1 RE RIS ME

Tab.3 Effect of dietary n-3/n-6 fatty acid ratio on growth performance of M. nipponensis

25 groups
WiH items
D1 D2 D3 D4 D5
175 %/% SR 65.19+6.58 72.59+1.48 61.48+1.48 74.07+5.93 74.07+3.23
WI¥E R /g IBW 0.15+0.00 0.15+0.00 0.15+0.00 0.15+0.00 0.15+0.00
KT R/g FBW 0.83+0.04° 0.89+0.05™ 1.05+0.07* 1.03£0.01*° 0.91£0.04"™
MER/% WGR 468.814+26.46° 511.25+£32.17" 616.58+49.40" 605.64+4.74° 521.62+26.88™
FrEEKR/% SGR 2.76+0.08"° 2.87+0.08" 3.12+0.11° 3.10£0.01° 2.90+0.07"
THEL R %% FCR 1.74+0.17" 1.43+0.10™ 1.31£0.09° 1.20+0.10° 1.33+£0.12°

e AT AR R RS 2 7 B3 P<0.05). T

Notes: different superscripts in the same row mean significantly different(P<0.05). The same below

2.2 AR A[EIn-3/n-688 B B4 EL B X H A B AT
2 HRARLE 55 H 52 )

Bt 5 15 B AS [/ n-3/n-6 /I 107 2 LL A8 19 56
DAY MR R IK 43 5 5, D 1A IR PR IR 43 5 & B
e, [HAS AL A 2H 25 R B35 (P>0.05); Bl 1R
Fhn-3/m-6Ji5 15 R LEELAYHE I, SRAORLIS 17 22 2R 5

THiE JE B A3y, DAZLIR RIS I & & %
T H A4 40 (P<0.05), HD35DS4 . D15
D24 B AKH g D5 7% 1 TG 35 25 5 . D3ZH AR AORL
EH SRR, W& D2, DAFIDSA, HY
D14 2 748 B 3 (R 4).

F4 AR Hn-3/m-605 BB L E 3T B A B AT £ R A 4H 5 OS2I

Tab.4  Effect of dietary n-3/n-6 fatty acid ratio on the body composition of M. nipponensis %
Ml group
WiH items
D1 D2 D3 D4 D5
K% moisture 73.17+0.95 72.38+4.81 73.32+0.88 76.43+6.55 74.21+1.04
HMEMF  crude lipid 12.64+0.60° 12.91+1.45° 15.82+0.39° 19.02+0.18" 16.36+0.38°
FEH  crude protein 63.26+0.41™ 61.93+0.35° 64.68+0.83" 61.71£0.27° 62.78+0.26"
HZ 4y crude ash 24.99+0.11 24.25+1.56 22.99+0.42 24.86+0.01 23.11+0.45

2.3 AR A [EIn-3/n-685 BF B4 EL B X H A& ;34T
RIL P BB B B 2B BX B 52 1

TRl RS ] n-3/m-6 /1% 15 PR LU AEL ) ARDRE X H AR
SR JUL A0 107 PR 4L B 52 0 B35 (P<0.05) (% 5) . IR
P AL A 0L R 7 R (SFA) & 125 24 o7 R A JIL Y B i
WL A 1/3, 4% 4 18] 0L AR 7 iR 5 4 22 57 Wk %
D241 FIG 7 R & s, 3% T A A%

4, D3ZHMFARWIRR & & fik, [HD4Z1FID54
T HUNG D5 2 7 i 25 5 R 3 (P>0.05); 45 4[]
P JIL PR B H0 R 1D B2 (MUFA) & 1 25 573 1 3%
DSZH R AR AL PRI AN T R0 15 2 5 2t 5 191 (36.90%+
0.07%), 3w T H A4 4 (P<0.05), HikH
D34, D24 FRANE NG I R B 1K (21.22%+0.24%)
B EARF H AL AL 25 AL LA n-3 R 50 i 5 1R
o b T Ekn-3/m-6 5 TR LA R T, R BE
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ETHE PR, &4lEn-3 55005 15 iR & &
%5 1 3 (P<0.05), D44 2 (26.39%+0.28%),
H YK D34 (22.16%+0.06%), DSZH & ik, H
18.86%+0.12%; 4% 41 [0 L A n-6 3 571 i J 1R 7 ik
B % 1 Ekn-3/m-6i5 W2 LLE 1 THm , 2 FRER
B, H 4 41R 2 5 B35 (P<0.05), DIZLEFANL

Wn-6 55 i iR & &t fe s, M27.53%+0.20%,
DSHFAE, M9.68%+0.01%; BliZE 17 Fin-3/n-6/5
[ R LU AR A T, R4S LA n-3/n-6 8 7 1R LE (L 522
BTt a3y, D1ZHn-3/n-6l8 Wi R LU (E A%, H
0.67%+0.01%, DS e, F1.95%+0.01%, 4%
225 W3, DS T A4 41 (P<0.05)

R 5 AR Hn-3/n-65 FIER L (B X B A< B AR AL P RS B BR 4H AR B9 #2 0
Tab.5 Effect of dietary n-3/n-6 fatty acid ratio on muscle fatty acid composition of M. nipponensis

5 groups

il

fatty acids DI D2 D3 D4 D5
C14:0 . 2.09
C16:0 21.800.11¢ 23.830.03" 21.58+0.25¢ 23.27+0.01° 28.47+0.01°
C18:0 9.900.12° 12.44+0.03° 6.94:0,03¢ 9.46:0.08° 4.0120.05°
SFA 31.69+0.24° 36.27:0.06° 28.52+0.28° 32.730.09° 32.48+0.04°
C16:1 . 1.86
C18:1¢ 22.47+0.32¢ 21.22+0.24° 26.77+0.16" 24.98+0.12° 36.90+0.07°
MUFA 22.47+0.32¢ 21.22+0.24° 28.63+0.18" 24.98+0.12° 36.90+0.07°
C18:3n3a - 1.51
EPA 13.4240.18° 14.79£0.06 14.49+0.13¢ 19.97+0.26° 15.25+0.11°
DHA 4.90+0.07° 4.24+0.00° 6.17:£0.08" 6.42:£0.02° 3.62+0.01°
-3 18.320.12° 19.02:£0.06° 22.16+0.06" 26.39:£0.28° 18.86+0.12°
C18:2 18.59:£0.12° 15.14£0.16° 14.93+0.15" 9.68+0.02° 5.04:£0.04°
€202 . 1.42
C18:3n6y 3.43+0,02° 3.97:£0.05° 1.290.81¢ 1.7620.02¢ 1.000.01°
€20:3n6 5.510.06° 4.38£0.03" 430022 4.46:0.07° 3.640.05°
06 27.53+0.20° 23.48+0.23" 21.93+1.02° 15.90£0.07¢ 9.68+0.01°
1n-3/n-6 0.67+0.01° 0.81+0.01¢ 1.0120.05¢ 1.66:0.02" 1.9520.01°

W: SFABREHIER, MUFA. RERIRHER, EPA. —TIKTUHER, DHA. T RR/NIHER, - AKKH, TH

Notes: SFA. saturated fatty acid, MUFA. monounsaturated fatty acid, EPA. eicosapentaenoic acid, DHA. docosahexaenoic acid, -. not detected, the same

below

2.4 AR A [En-3/n-688 A5 E& LL & 33 B A& B AR
mEMEHEEMEF

b % 17 Kkn-3/n-6 88 7 R LLAEL Y B F-, HEAE
Y AL (SOD) S e PR fE A as, &H
)25 5 0 2%, 7EDSALA S KM, SD4A TR
F25(P>0.05), HDS4SODR & = T H A4 4
(P<0.05), D2#H 7 fik, B ZFML TD4MDSH
(P<0.05), 1H5DIMD34 27K 3% (P>0.05);
T Kb n-3/n-6 15 5 BR ECAE X H AR V8 B i3 79
(MDA) & 2 520 18 2% (P<0.05), D5 IR I i MDA
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R T HAB A 4(P<0.05), {H5D44H 2R
ANRFE; BEE R Fn-3/m-6/5 I B LA A 224k,
I35 4% o T Bkt 48 Ak P 8 (GPx) 22 6 IS R R
fIa%, TED3YLIFR &M KE, HEE&ST
HiAth 4% 2H (P<0.05)(3£6)
2.5 @Rin-3/n-6f5 AHB& EL B X H ABYRIJE
MENHEXEERIENE

H A TH ML A Ak 7 SR JC SE R Hsp60 . Hsp70
TolIF Myd88AH Xt 2 ik 1 52 15 B g 7 T2 LU AE 5% il
2%, B A RIS D5 R HAE 1 TR, Hsp60 .
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6 (AR Hn-3/m-685 BHER LL & 3T B A AU I 75 i B L BESE 1 R0

Tab. 6 Effect of dietary n-3/n-6 fatty acid ratio on serum antioxidant enzyme activity of M. nipponensis

217 groups

PUAAL G
antioxidant enzyme DI D2 D3 D4 D5
A EALEE/(U/mL)  SOD 14.62+2.10™ 11.55+0.20° 14.15+0.54" 17.62+0.61% 20.34+1.65°
7 —®/(nmol/mL) MDA 6.87+0.68° 9.86+0.81° 13.1240.81° 10.22+0.73° 19.13+2.41°
A BT AR (nmol/mL) - GSH-Px ~ 239.88+12.03° 389.29+2.06° 446.43+18.56" 350.00+20.62° 32.1446.19¢

HspTOM Tolle 15 B 5 Ja FH 5 M (R4 34, Hsp607E
DA FK ik im0 & T D54 (P<0.05), HY
D1, D2MID3E R AR E; HspT0OM TollFz ik &
FE D24 1A 2 B o 1 H f 3 5 T HA 45 4 (P<0.05);
Myd88HH X 2 1k 1t 37 15 AL g 17 2 L {8 19 5% 1) S5k

251 HSPeO b b
2.0 | b

1.5 F

10_ab

0.5 +

a

oLl LI LI [l =,

DI D2 D3 D4 D5
ZH7  groups

AT e IK
relative expression

4.0 d HSP70
35
3.0
2.5
2.0
1.5

1.0 ﬁ ﬂ
0.5 a
0 1 1 1 1 I—=I-| J
DI D2 D3 D4 DS
ZH3  groups

C

b

FRARS ik &
relative expression

20 Relish

15 F

1.0 -

ZE)J'J groups

FHR ik
relative expression

F, FHESWALR, ADSHE R ERSHEH
T H A 4 2H (P<0.05) 5 47 RL IS 105 B2 1 i %t
Dorsal%ﬂRehshEﬁ*ﬁﬁ%% IR R A i 2 (P>0.05)5
Relishf)AH X 3K 5 fE D12 e i, DSZH IR A
DorsalFiX} 235 5 7EDSZH fe i (K 1)

8.0 ' Myass a

70 -

6.0 -

50 r

4.0 -

30 o b

20 b b

wig By

0 1 1 1 1 1 ]
DI D4

D5

RSN
relative expression

H5|  groups

70 r Toll
6.0
50
40 r
3.0
20 a

a
1'3 V_h A &
DI D2 D3 D4 D5

Hul  groups

FAXS ik &
relative expression

35 ¢
30
25 +
2.0 +
1.5 +
1.0 +

05 | ﬂ
0 1 1 1 1 1 J

DI D2 D3 D4 D5
Hnl  groups

Dorsal

FRR ik
relative expression

1 fA%in-3/n-685 B ER LL (B 3F B AR AR M 1 S AL X B E R IK RS20

A TR 7 B R AN R 41 22 1) 2 5 88 35 (P<0.05)

Fig. 1 Effect of dietary n-3/n-6 fatty acid ratio on serum antioxidant stress-related gene expression in M. nipponensis

Different superscripts mean significantly different in different groups (P<0.05)
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2116 KopE o R 43 45

3 iR

3.1 AR A En-3/n-688 A B4 EL B Xt H A< ;B %R
KX ARNEN

FEAR R SR, H AR T8 MR A7 SRR A2 1) B
Hn-3/n-6/i5 i R LU AE A 52 e, 3X 5 5 7K g 4 1)
TE =R T8 R 5 RZZ 6 (Scophthalmus-
maximus) I WWF I 45 R — 80, WFoE R, Gk
W hN— & | Mn-3HUFART 2 K = sh A K, 3
B 5 (W n-3HUFAR A K AU TR H#E R,
MAMHIER, 55X —25R1 KM, ALK EER
WRH, BEE W RNn-3/m-6J5 8L HLAE M T, H
ABAFR I ER MR A E KRB ERE EAET
BB, 5k HFn-3/n-6 /1 15 B2 L {H 4 0.29~
104}, HASVHIR 3G R M e A KR 2 1
Fhi#a g, 25k Hn-3/n-65 i R L AR L 1.04
B, HARREARK RN ERA TGS, e
RETFE R IR, RS RE T
TR | R H B =R TR
KE, IR TP n-3/m-6 8 R i A H AR
WA A I RIVE R, 7 AR 3 b o 4 T 0 Dt A
ATfEEn-6 RINIEWI RS 2, Ml T sh ik
EPARA WAL WA T RE R B Ein-6 R
G R 17 PR SRR 7 A — 2 B SRE S Y, R A
KA T f e B IR A, XA Y AR AR T
HAE . ARSI KW, & AR R BE S 17
Bhn-3/n-6/15 i 2 LU AE A 3G fin 2258 B 5 L TH
P, EDIA W Em T HAAS A, DAARAM, £
W3 5 W n-3/m-6BR T IR LUAE, A R T2 50 s i
ARKAERLAIH, X5 E PR R — 20

AW R, R Fn-3/m-65 i R LT H
AR VT W 4 MR 7K 43 FURL K 43 06 B 252 e, 2R LAY
S IRAERGEHER | e e Y | B B (Platichthys
stellatus)® WA & B, 15 BAAS ] 19 g o 50 4
WRK Ay . MK AT JC i 5, IR ARORL R Y
TED3 IR B i A, BEWIERL P Y ¥ n-3/n-6/1F
19 % A A R T AR &R A A A7, e R S
R Ja E PR 25 R — 3. B 1) Bln-3/n-6 )15 i
M2 LA M T, BRI S /2 ERAET
FER R, X 5EEEEET MM A R, Ht
FAERRW], AR EPATIDHA R 7E AL 15 fa fR
WL R D5 2 5 Fr g, A | Bl 25 17 R EPA R
DHA % & W34 inmi s m , B3 2% K- i EPAFI
DHAJf & A i#f — 25 34 i o 6F 0 (KO8 B 7 & 2 .
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ARSI 25 R R W BB A 1R Rk n-3/n-6 05 107 R LA TH
5, TEDALII IR AR 7 & Sk B ik, B35
B T HABA AL, UL RL HFn-3/n-6 /1 17 R LU A AT
AR W] HAS R ALK s 107 A8, 38 4 A4 1Dk i
U7 T L AE AT Al S (AR 17 B9 A DR, B
PRI AL A fr it — 0P

3.2 1ARAEn-3/n-675 i BL L X1 B A B4R
AIL P S R B2 4R RR BY 52 Ml

HET A BF I 45 R R WY, ARDRE v A W] 64 g D7
i 4 LA AN [ B4 i 105 R LA 80 2 X IR 1
PRESHE BT R 20 B ™ A 52 R o B LA PR LN T T
YR (Litopenaeus vannamei) b 57 45 AL F B,
TRk v i 7 IR A AN AT S 255 e L 44 Y X B AR
7R 4 BT, 34 X6 X R ) A G 7 A — i S
ARSI, A )k n-3/n-6 8 I 2 LLAE 1) 3
i, ERA LA n-3/n-6/15 105 IR (AL B 2 5 . itk
A, HAIREF LA DHAFIEPARY & 2 B 5 17 B
n-3/n-6/ 7 B2 LU (B A9 34 i &2 5% BT R R &
P, XA HE51E H A9n-3/n-6H5 15 R HeE AT L3 5
IR I R 25 A R T R S < Rl ) 9 1A DGR, B
Bhn-3/n-6J 782 LU AE A9 35 0, H A TH AR LA n-
3RIVINRNIR & & BTG B, TEDSH I
IR AL A n-3 2 50 A 10 2 o == AR, X AT g 5 4]
B3 R I NG IR & BRI A G, KaralazosS5!!
SR, RDRL SRR s D R & B e, 1R
LA A

3.3 AR A [En-3/n-675 i BL L (B XF B A B4R
miEHE N EE IR

TEIK T Sy AR S e i e vpr, AR S 1k
e B A TRACHIMERT, DR S 4 G e
S B) 77 A AR RIS 20, ELRR S e R
WA, T E AR S R AR G R A
By SODJEIEFRIAPI S A B A 2 AR, did
BLUR N LU B 2608 SO IR A 1l AR 2
il HEAL S H BB O E AL E RO, 4EFE
20 M PN A AR E R AL TR TS IR AR
GPx U2 LR HRHT S AL B A 5 — b B e, H
T BRI N, BE B I R 4 N o
A E B, 2R A0 N SR IR R R A
HLX 7R A= Bl ) R SR AR 5 1k O 52 A B 2 A
P LiPSE RS RM],  FUIR B (Pelteobagrus
vachelli)E 5 5 Pk G 552 B I 1 Bl 1R kL SRR R
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(LNA) S S (W38 inmsgsm , SR, MLNAS 28
i — s e, TR A R S e R T IS P
H B, SmE BN, ALWEERER, b
& A Bkn-3/n-6J8 N7 IR LLAE A9 FH i, H S TE AR I
SODIF PEHA B T #a#, 7ED2411} SODIF 1
A%, (H5D3 R E25, MDIZ FDSA R
1M SODIE M4 i, 2% B 1 Kk n-3/n-6 /1 15 iR LL
Ik R Bl AR 2 e R A AR A . A IR E
e, H A VB P I GPxI& M i % 1A Bl n-3/n-6J15
U5 R LB LT, REE TR TR
FED3Z A B e KAE, D140 FDSZH A GPxifh M
WA, 2SR 5 IinSE P RS 45 L, W]
BESZ K GPxFISODI T REAH AL, 35 AT i BR {4 14
ZARMA H B, gFFpLR SRR E,
i T SODIG MEFEDIMIDSH k% w, HE T A
WA A 5L, K T BGPxED I HIDS A 1 41
X PER K . M SODTED3AL G Ph ik, ik
GPx 11 PE 7E D34 34 31 5 5 o

MDA % FH i1 351 & g T A AR HE WL
(IR 2728, MDA & 1 8 I A T DS e L
T P B o o Sk I R B, T 2 S W AL A 4 i 2%
FH ARG R ZBEE, KRG
BIAL AR 100 ™ BB, FEAR IR S g b, Bl A TRk
n-3/n-6/15 W W2 LA (938 i, H A T8 AR 1M % MDA
FTRRBER LT BEHE, X 5Iin%E BT
GE—E, WA RIS T LG A, B A
HR I 7 MDA & fE 2 38 0, #EDS54(8.52)MDA
e, SDA R FE XS, VAR -
3R GG TR 5 = vl BE - BOIR AR S AL I 3, R R
Y 4 SR 78 A 3k 5 (Megalobrama amblycephala)™™*"
A L. Song®E L IA N & & DHATR R AT
il 2 38 3o B2 75 A0 A ASE B I 2 4R Ak ) SRR
IWPLEAC R G, M 4 2L G P A AL
PRSI o fH 5 T 41 A I R A RN R (R B 5
ZER AR, X AT RE 5 WA A R El 5 B kR
RS
3.4 {ARn-3/n-685 BHER b B XF H A IR AN 05
MENHEXEERIENE

EARSR, MOk Z R RV, s %
MR PEM SRR BV, CAHMRREW, HHl
AL T R BOIRASTS , WK RS &% 5
— R R, SR B S )RR,
2NN F [RIE YR (M. rosenbergii) Toll3% 35 &

5% [RIBUR e K PE N B A Ko TollE H A1 5
R F R R R, S5 R RN R,
TEARMFGTLE R rf, TollA Xt 335 1 Bl & 1R R i
iz LU AH A8 b 2 e T R i 34, ZED241 A 5
KA, 7TEDSHFB AL, X 5ZuoF 7K
% i (Larimichthys crocea) T W45 2K, X
2% B Ein-3/n-6 15 Wi 2 HCAE 1T 8 18 3 R AIK Toll 36 15
A X AL A4 7™ B 4 8 E SN o Sharp 58U B 5%
SRR, Myd88M ik 54N W ROSH = A=
RIEMSE, TEARSE 1 Myd88#Y ik 7E DS ik
i E, BEmTHMSY, RHETREDSYH
WA 43

Hsp60# ik b vl LLFE R O AS T P4 40 i fe
S, R O A A A
L. BEAR 0 ML A Z R e e AL, IR SR £
i A7, S 50ERMNY, ERRLE T,
Hsp603 ik 5 /E DAZH fi ey, U6 W MR R 9 4 98 12 g
BTG BR, A B T 5 A R R BN B e
{RFFERRAE K . NS, HSPT0Z: 5 H 5
RN, CHALARAE TR R B, A8 HSPT0
RE RSB ET R, FEARREE S, HSPT0
()38 T AE D22 TA B ey, HSPTOJE R R 7t 7 5%
Fik, Uh B AR A I SR OB 1 1 28 5 =X AL X
T Bk T AN 3 A 0 A T R L (B X AL AR 1 R Y A5
i R RIR LSRR, kn-3/n-6/5 i
PR ASIE 4 11 HO (B 2 5 30 H AR VR I =2 N

4 5

ZE L PTIR, AR SE 25 BE B T 4 R -
3/m-65 I R LLAE 75 1.02~2.20P, WLl 48 e H
ARV WR A A KPR RE R AR R R e b BE, Rk
AR BRAR 1 FLZH 3 LA G o 2 20k

SE M-

(1] SRIEE, R)F I, Sk, &5 R R R IR K E
TSI RS 556 0 1 6 ] B R 5 R 2 Ml 0], 7K 7= 2
&, 2017, 41(4): 588-601.
Zhang Y Q, Xu H G, Cao L, et al. Effects of dietary
arachidonic acid on the sex steroid hormone synthesis in
turbot broodstock before maturation[J]. Journal of
Fisheries of China, 2017, 41(4): 588-601(in Chinese).

[2] Kanazawa A, Toliva S, Kayama M, ef al. Essential fatty

acids in the diet of prawn: 1. Effect of linoleic and

http://www.scxuebao.cn


http://www.scxuebao.cn

2118

Ko AR

43 %

linolenic acids on growth[J]. Nippon Suisan Gakkaishi,
1977,43(9): 1111-1114.

Lands W E M, Byrnes M J. The influence of ambient
peroxides on the conversion of 5,8,11,14,17-
eicosapentaenoic acid to prostaglandins[J]. Progress in
Lipid Research, 1981, 20: 287-290.

Ji H, LiJ, Liu P. Regulation of growth performance and
lipid metabolism by dietary n-3 highly unsaturated fatty
acids in juvenile grass carp, Ctenopharyngodon
idellus[J]. Comparative Biochemistry and Physiology-
Part B: Biochemistry and Molecular Biology, 2011,
159(1): 49-56.

Xu H G, Ai Q H, Mai K S, et al. Effects of dietary
arachidonic acid on growth performance, survival,
immune response and tissue fatty acid composition of
juvenile Japanese seabass, Lateolabrax japonicus[J].
Aquaculture, 2010, 307(1-2): 75-82.

AN, R A Tl 0 R0 DL [ e £ O 8 2R 78 5% v R AT
FEEER[I]. WKk, 2000, 30(5): 25-27.

Wen X B, Chen L Q. Progress on researches of
phosphatide and cholesterol in nutrition of shrimps and
crabs[J]. Freshwater Fisheries, 2000, 30(5): 25-27(in
Chinese).

[T, B0, FEE. NEGTE B IR S AR
o MG DL HlE IR /R[], i VEA R, 2003,
25(S2): 88-94.

Weng Y Z, Li S J, Wang G Z. Nutritional requirement
for lipid in larvae of mud crab, Scylla serrata[J]. Acta
Oceanologica Sinica, 2003, 25(S2): 88-94(in Chinese).
TkAe, WA E, S % R -3 m BRI R
O Z AR T 4 B AR A T e T R DT IR AL R 5
WD), BIE IR, 2014, 26(5): 1254-1264

Zhang W, Xie F J, Jin M, et al. Effects of dietary n-3
highly unsaturated fatty acid content on growth
performance and fatty acid composition of juvenile
swimming crab (Portunus trituberculatus)[J]. Chinese
Journal of Animal Nutrition, 2014, 26(5): 1254-1264(in
Chinese).

PN, Ao, ERK, & ik dn-3/n-62 AN
12 7K ST 3 38 AT 8 4y a4 K 1 R R AR K AR O AR
mRNAFIERIREM[I]. K754, 2019, 43(2): 492-504.
Pang X L, Tian X, Wang L Y, et al. Effects of dietary n-
3/n-6 polyunsaturated fatty acids ratio on growth

performance and growth-related genes mRNA

http://www.scxuebao.cn

[10]

[11]

[12]

[13]

[14]

[15]

expression in common carp (Cyprinus carpio
haematopterus)[J]. Journal of Fisheries of China, 2019,
43(2): 492-504(in Chinese).

Fu H T, Jiang S F, Xiong Y W. Current status and
prospects of farming the giant river prawn
(Macrobrachium rosenbergii) and the oriental river
prawn (Macrobrachium nipponense) in ChinalJ].
Aquaculture Research, 2012, 43(7): 993-998.

HrZ0W, A8 2R, W R R I, S5, RbAS A [F) IR D7 A
B A FUKF X H A AN (Macrobrachium nipponensis)
AR AR B AL B SIS [T, e S W
H, 2014, 45(2): 400-408.

Si L G, Zou L C, Shengtu J K, et al. Effect on different
dietary lipid and protein level on growth performance,
body composition and digestive enzymes activities of
freshwater shrimp Macrobrachium nipponensis[J].
Oceanologia et Limnologia Sinica, 2014, 45(2): 400-
408(in Chinese).

AOAC. Official methods of analysis of AOAC
international[M]. 17th ed. Gaithersburg, MD, USA:
Association of Analytical Communities, 2002.

R, 2)\77, BE, 55 8, 60 F6E 0 f iR
07 B ) SR B - R 1 (GC/MIS ) 43T 5 LR AR [0, /KA ¥t
Mk, 2006, 26(5): 21-23.

Feng D W, Li B F, Zhao X, ef al. Analysis and
comparison of fatty acids in carp squid and cod skins by
gas chromatography-mass spectrometry (GC/MS)[J].
Reservoir Fisheries, 2006, 26(5): 21-23(in Chinese).
BB, B, JA W, &5 =P T IENF-«B o K]
RelishH1Dorsal (1] 5 [ & FIARHAE[T]. 7K AE ALY 4R,
2019, 43(2): 298-304.

Zhao J J, Tao Z, Zhou S M, et al. Cloning and
expression of NF-xB family genes in Portunus
trituberculatus[J]. Acta Hydrobiologica Sinica, 2019,
43(2): 298-304(in Chinese).

HIKEE, LN, #04, 45, fkin-3 HUFAZK X =5k
R F & (Portunus trituberculatus) %A K. TRREF|H
1 4H 2 i R 40 R s Tl PRI (D). ALRE Tolk, 2015,
36(8): 18-25.

Hu S X, Wang J T, Han T, et al. Effects of dietary n-3
HUFA levels on growth performance, feed utilization
and tissue fatty acid composition of juvenile swimming
crab (Portunus trituberculatus)[J]. Feed Industry, 2015,
36(8): 18-25(in Chinese).


http://dx.doi.org/10.2331/suisan.43.1111
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.aquaculture.2010.07.001
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.1111/j.1365-2109.2011.03085.x
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.7541/2019.037
http://dx.doi.org/10.7541/2019.037
http://dx.doi.org/10.2331/suisan.43.1111
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.aquaculture.2010.07.001
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.1111/j.1365-2109.2011.03085.x
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.7541/2019.037
http://dx.doi.org/10.7541/2019.037
http://dx.doi.org/10.2331/suisan.43.1111
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.aquaculture.2010.07.001
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.1111/j.1365-2109.2011.03085.x
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.7541/2019.037
http://dx.doi.org/10.7541/2019.037
http://dx.doi.org/10.2331/suisan.43.1111
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/0163-7827(81)90057-6
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.aquaculture.2010.07.001
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1000-6907.2000.05.013
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2014.05.016
http://dx.doi.org/10.1111/j.1365-2109.2011.03085.x
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.11693/hyhz20140300087
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.3969/j.issn.1003-1278.2006.05.008
http://dx.doi.org/10.7541/2019.037
http://dx.doi.org/10.7541/2019.037
http://www.scxuebao.cn

10

HIRIE, %

TAREAS [Fln-3/m-O R ITTR LUAELR A ATRERA G | MRIRZH AT | WIS 4R I B A DG LRI 35k B 5 i

2119

[16]

[17]

[18]

[19]

[20]

(21]

(22]

W, ThRYE, 22510, %5 n-3/n-6 HUFAXT K ZE 67411
AR A IR T IR 4 RN LI AR AL 18 b Y 5
W[J]. K= 23R, 2018, 42(5): 133-144.

Tan Q, Wang J Y, Li B S, et al. Effect of dietary n-3/n-6
HUFA on growth performance, fatty acid composition of
whole fish and serum biochemical indices in turbot
(Scophthalmus maximus)[J]. Journal of Fisheries of
China, 2018, 42(5): 133-144(in Chinese).

Chen C Y, Sun B L, Guan W T, ef al. N-3 essential fatty
acids in Nile tilapia, Oreochromis niloticus: effects of
linolenic acid on non-specific immunity and anti-
inflammatory responses in juvenile fish[J]. Aquaculture,
2016, 450: 250-257.

DR, T EW, 5k AR, 5. R RRER & B X HAH
LIRS ER SN /1 20 Y N (S X R S G G A&
i IE BE T I [)]. BhHE TR F 4, 2017, 29(1): 134-
146.

Luo N, Ding Z L, Zhang Y X, et al. Effects of dietary
linolenic acid content on growth, antioxidant capacity,
non-specific immunity and anti-ammonia-nitrite stress
ability of oriental river prawn (Macrobrachium
nipponense)[J]. Chinese Journal of Animal Nutrition,
2017, 29(1): 134-146(in Chinese).

AE. ZPR TN -3 R E AR . 48R
FCHMYEEREFR REMA A [D]. TI: TH K,
2014.

Zhang W. Study on the requirements of n-3 series highly
unsaturated fatty acids, vitamin C and vitamin E for the
swimming crab, Portunus trituberculatus[D]. Ningbo:
Ningbo University, 2014(in Chinese).

Furuita H, Yamamoto T, Shima T, et al. Effect of
arachidonic acid levels in broodstock diet on larval and
egg quality of Japanese flounder Paralichthys
olivaceus[J]. Aquaculture, 2003, 220(1-4): 725-735.
TEIRVE, ZERERR, IR, 55, MRMT R X (28 S R
B S AL TSR R[], K= 224, 2015, 39(7):
1079-1088.

Zuo R T, Mai K S, Xu W, et al. Advance of studies on
the effects of fatty acids on immune responses and
nutritional regulation mechanism in fish species[J].
Journal of Fisheries of China, 2015, 39(7): 1079-1088(in
Chinese).

A3 05 BT TR S st 4t A AL A R RN R
JHTTR FARBISEM[D). & P ERE R, 2013

[23]

[24]

[25]

[26]

[27]

(28]

Xu H G. Effects of dietary fatty acids on growth
performance, health and accumulation of lipids and fatty
acids in juvenile Japanese seabass (Lateolabrax
Jjaponicus)[D]. Qingdao: Ocean University of China,
2013(in Chinese).

200, RALH, 2, . FRHIR DT R RZE 64
i AR B AL A IR DT BR AL R R S R (7], Bh 97 2
%, 2015, 27(5): 1421-1430.

LiSM, Wu L X, Jiang Z Q, et al. Effects of dietary lipid
source on growth performance and muscle fatty acid
composition of juvenile turbot (Scophthalmus
maximus)[J]. Chinese Journal of Animal Nutrition, 2015,
27(5): 1421-1430(in Chinese).

FRaE, s, )5, 55 KM &5 A (Lateolabrax
Japonicas)%F FREE R AR VU IR (1) 75 SR = [J]. vl Rl
HEJE, 2016, 37(5): 46-55.

Wang C Q, Liang M Q, Xu H G, et al. Requirement of
arachidonic acid in adult Japanese seabass (Lateolabrax
Jjaponicas)[J]. Progress in Fishery Sciences, 2016, 37(5):
46-55(in Chinese).

i, EBRIE, MR, 5. R DHA/EPA{H X &
DEN S A AR R B L3 A AR BR 2 M D],
IKFE AR, 2014, 38(2): 244-256.

MalJ, WangJY, SunJ Z, et al. Effect of dietary DHA
to EPA ratios on growth performance, body composition
and serum physiological parameters in juvenile
Platichthys stellatus[J]. Journal of Fisheries of China,
2014, 38(2): 244-256(in Chinese).

BEA. 674 X EPARIDHA IS 77 75 R [1]. /K77 %
%, 2004, 28(3): 285-291.

Xue M. Nutrient requirements for EPA and DHA by
juvenile Paralichthys olivaceus[J]. Journal of Fisheries
of China, 2004, 28(3): 285-291(in Chinese).

Lim C, Ako H, Brown C L, ef al. Growth response and
fatty acid composition of juvenile Penaeus vannamei fed
different sources of dietary lipid[J]. Aquaculture, 1997,
151(1-4): 143-153.

R B, R4, RER, 5. DR A F IR TR 5
A M G b IR DT IR & B ARSI (], K AR A2 4ik,
2011, 35(2): 246-255.

Zhou Q B, Zhu C S, Wu H D, et al. Effects of dietary
lipid sources on tissue fatty acids profile and growth
performance in female rice field eel Monopterus Albus,

Zuiew[J]. Acta Hydrobiologica Sinica, 2011, 35(2): 246-

http://www.scxuebao.cn


http://dx.doi.org/10.1016/j.aquaculture.2015.08.005
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.1016/S0044-8486(02)00617-8
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.1016/S0044-8486(96)01500-1
http://dx.doi.org/10.1016/j.aquaculture.2015.08.005
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.1016/S0044-8486(02)00617-8
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.1016/S0044-8486(96)01500-1
http://dx.doi.org/10.1016/j.aquaculture.2015.08.005
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.1016/S0044-8486(02)00617-8
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.1016/S0044-8486(96)01500-1
http://dx.doi.org/10.1016/j.aquaculture.2015.08.005
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.01.016
http://dx.doi.org/10.1016/S0044-8486(02)00617-8
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.05.012
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.11758/yykxjz.201506016001
http://dx.doi.org/10.1016/S0044-8486(96)01500-1
http://www.scxuebao.cn

2120 Ko AR 3%
255(in Chinese). antioxidant capacity, fatty acid profiles, hematological

[29] WYL, REE, A, 5. ERHIE T KT L characteristics and expression of lipid related genes by
HRAEC . JULPRT T e g 17 B 2E s R 2 il [, 7K = different dietary n-3 highly unsaturated fatty acids in
2%, 2011, 30(5): 249-255. juvenile black seabream (Acanthopagrus schlegelii)[J].
Huang K, Wu HY, Zhu D G, et al. Effects of dietary Aquaculture, 2017, 471: 55-65.
lipid levels on growth and fatty acid composition in [38]  ERGR, REE, RHE, &, AR RRER & 20 KR
Hepatopancreas and muscle of pacific white leg shrimp Mt AR MRS . BUA AL TE AR RN LT A= b e AR (1 52
Litopenaeus vannamei[J]. Fisheries Science, 2011, W], shAE 7724, 2016, 28(10): 3123-3133.

30(5): 249-255(in Chinese). Wang C Q, Xu H G, Liang M Q, et al. Effects of dietary

[30] Kartikasari L R, Hughes R J, Geier M S, et al. Dietary a-linolenic acid content on growth performance,
alpha-linolenic acid enhances omega-3 long chain antioxidant indices and serum biochemical indices of
polyunsaturated fatty acid levels in chicken tissues[J]. large size Japanese seabass (Lateolabrax japonicus)[J].
Prostaglandins, Leukotrienes and Essential Fatty Acids, Chinese Journal of Animal Nutrition, 2016, 28(10):
2012, 87(4-5): 103-109. 3123-3133(in Chinese).

[31] Karalazos V, Bendiksen E A, Dick J R, et al. Effects of [39] Qian Y, Li X F, Zhang D D, et al. Effects of dietary
dietary protein, and fat level and rapeseed oil on growth pantothenic acid on growth, intestinal function, anti-
and tissue fatty acid composition and metabolism in oxidative status and fatty acids synthesis of juvenile
Atlantic salmon (Sal/mo salar L.) reared at low water blunt snout bream Megalobrama amblycephala[J]. PLoS
temperatures[J]. Aquaculture Nutrition, 2007, 13(4): One, 2015, 10(3): e0119518.

256-265. [40] LuKL,XuWN,LiXF, efal Hepatic triacylglycerol

[32] Anderson D P. Immunostimulants, adjuvants, and secretion, lipid transport and tissue lipid uptake in blunt
vaccine carriers in fish: applications to aquaculture[J]. snout bream (Megalobrama amblycephala) fed high-fat
Annual Review of Fish Diseases, 1992, 2: 281-307. diet[J]. Aquaculture, 2013, 408-409: 160-168.

[33] K. JLFHL SRR R T A R A 5 5 [41] LuKL,XuWN, Wang L N, et al. Hepatic p-oxidation
PEAE D). fRE: WAL K2, 2003. and regulation of carnitine palmitoyltransferase (CPT) I
Zhang Y J. Effects of several compounds on the shrimps in blunt snout bream Megalobrama amblycephala fed a
and enzymic antioxidant system[D]. Baoding: Hebei high fat diet[J]. PLoS One, 2014, 9(3): €93135.
University, 2003(in Chinese). [42]  SongJ H, Fujimoto K, Miyazawa T. Polyunsaturated (n-

[34] B BAe, XIPHPE, skan g, . KAEIW R 848 e H K 3) fatty acids susceptible to peroxidation are increased in
T S AP ) Ty B B bt BRSBTS [T KR, plasma and tissue lipids of rats fed docosahexaenoic
2015, 34(6): 399-404. acid-containing oils[J]. The Journal of Nutrition, 2000,
Liu D D, Zhang H X, et al. Function and response to 130(12): 3028-3033.
environmental stresses of glutathione peroxidase in [43] 54, R, X, 2. R HUF A S 56 5 AR
aquatic animals[J]. Fisheries Science, 2015, 34(6): 399- WHIBEI]. KA FR, 2009, 33(5): 881-889.
404(in Chinese). JiH, Cao Y Z, Liu P, et al. Effect of dietary HUFA on

[35] Margis R, Dunand C, Teixeira F K, ef al. Glutathione the lipid metabolism in grass carp Ctenopharymgodon
peroxidase family — an evolutionary overview[J]. The idellus[J]. Acta Hydrobiologica Sinica, 2009, 33(5): 881-
FEBS Journal, 2008, 275(15): 3959-3970. 889(in Chinese).

[36] LiM, ChenL, QinJ G, et al. Growth, immune response [44]  H4, AR, HER, 5. DHAX #HTALRE 152 m
and resistance to Aeromonas hydrophila of darkbarbel BRI B FL[I]. R K2 244, 2009, 18(2): 142-
catfish Pelteobagrus vachelli fed diets with different 149.
linolenic acids, vitamins C and E levels[J]. Aquaculture JiH, ZhouJ S, Cao F Y, et al. Effect of DHA on anti-
Nutrition, 2016, 22(3): 664-674. oxidation capacity in common carp (Cyprinus carpio

[37] Jin M, LuY, Yuan Y, ef al. Regulation of growth, L.)[J]. Journal of Shanghai Ocean University, 2009,

http://www.scxuebao.cn


http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.1016/j.plefa.2012.07.005
http://dx.doi.org/10.1111/j.1365-2095.2007.00471.x
http://dx.doi.org/10.1016/0959-8030(92)90067-8
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1016/j.aquaculture.2017.01.004
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1016/j.aquaculture.2013.06.003
http://dx.doi.org/10.1371/journal.pone.0093135
http://dx.doi.org/10.1093/jn/130.12.3028
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.1016/j.plefa.2012.07.005
http://dx.doi.org/10.1111/j.1365-2095.2007.00471.x
http://dx.doi.org/10.1016/0959-8030(92)90067-8
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1016/j.aquaculture.2017.01.004
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1016/j.aquaculture.2013.06.003
http://dx.doi.org/10.1371/journal.pone.0093135
http://dx.doi.org/10.1093/jn/130.12.3028
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.1016/j.plefa.2012.07.005
http://dx.doi.org/10.1111/j.1365-2095.2007.00471.x
http://dx.doi.org/10.1016/0959-8030(92)90067-8
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1016/j.aquaculture.2017.01.004
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1016/j.aquaculture.2013.06.003
http://dx.doi.org/10.1371/journal.pone.0093135
http://dx.doi.org/10.1093/jn/130.12.3028
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.05.001
http://dx.doi.org/10.1016/j.plefa.2012.07.005
http://dx.doi.org/10.1111/j.1365-2095.2007.00471.x
http://dx.doi.org/10.1016/0959-8030(92)90067-8
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06542.x
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1111/anu.12287
http://dx.doi.org/10.1016/j.aquaculture.2017.01.004
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.3969/j.issn.1006-267x.2016.10.014
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1371/journal.pone.0119518
http://dx.doi.org/10.1016/j.aquaculture.2013.06.003
http://dx.doi.org/10.1371/journal.pone.0093135
http://dx.doi.org/10.1093/jn/130.12.3028
http://www.scxuebao.cn

10

85 AN FIn-3/m-6 R TR LU (AN FASTRIFAAC | SRIRZH ST | NS HU4A L B A DGR R 35k B 5 2121

[45]

[46]

[47]

18(2): 142-149(in Chinese).

Tahmasebi-Kohyani A, Keyvanshokooh S, Nematollahi
A, et al. Effects of dietary nucleotides supplementation
on rainbow trout (Oncorhynchus mykiss) performance
and acute stress response[J]. Fish Physiology and
Biochemistry, 2012, 38(2): 431-440.

L. B IR EFIMDAE 508 #% < B FE DK (Relish
IMD) [t 50 B FI D BEWF 72 [D]. B 5%: 58S K 2%,
2016.

Shi Y R. Roche spermatogenesis IMD (Relish, IMD)
signaling pathway key genes cloning and function
studies[D]. Nanjing: Nanjing Normal University,
2016(in Chinese).

Zuo R T, Ai Q H, Mai K S, et al. Effects of dietary
docosahexaenoic to eicosapentaenoic acid ratio
(DHA/EPA) on growth, nonspecific immunity,

expression of some immune related genes and disease

(48]

[49]

[50]

resistance of large yellow croaker (Larmichthys crocea)
following natural infestation of parasites (Cryptocaryon
irritans)[J]. Aquaculture, 2012, 334-337: 101-109.

Sharp G J E, Secombes C J. The role of reactive oxygen
species in the killing of the bacterial fish pathogen
Aeromonas salmonicida by rainbow trout
macrophages[J]. Fish & Shellfish Immunology, 1993,
3(2): 119-129.

B 4. AR TR H 60 S S RE[T]. [ A1 I 5 4 7%
2245, 2004, 27(5): 249-252.

Yang M J. Heat shock protein 60 and immune
response[J]. Foreign Medical Sciences Section of
Immunology, 2004, 27(5): 249-252(in Chinese).

Kagawa N, Mugiya Y. Brain HSP70 mRNA expression
is linked with plasma cortisol levels in goldfish
(Carassius auratus) exposed to a potential predator[J].

Zoological Science, 2002, 19(7): 735-740.

http://www.scxuebao.cn


http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.2108/zsj.19.735
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.2108/zsj.19.735
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.2108/zsj.19.735
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.2108/zsj.19.735
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1007/s10695-011-9524-x
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.2108/zsj.19.735
http://dx.doi.org/10.1016/j.aquaculture.2011.12.045
http://dx.doi.org/10.2108/zsj.19.735
http://www.scxuebao.cn

2122 KopE o R 43 45

Effects of dietary n-3/n-6 fatty acid ratio on growth performance, body
composition, serum antioxidant capacity and related genes expression
of oriental river prawn (Macrobrachium nipponense)

JIANG Zhenting ', LIUBo ", GE Xianping ?, ZHOU Qunlan’, SUN Cunxin ’

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: An 8-week feeding trial was conducted to study the effect of dietary n-3/n-6 fatty acid ratios on growth
performance, body composition and serum antioxidant capacity of oriental river prawn (Macrobrachium
nipponense). Five isonitrogenous and isolipid diets with different n-3/n-6 fatty acid ratios (D1: 0.29, D2: 0.56, D3:
1.02, D4: 2.20, D5: 8.52) were formulated to feed five groups of shrimps, respectively. Each diets was fed 4 tanks
(4 replicates) with 45 prawns per tank.The results showed as follows: the survival rate of M. nipponensis was not
significantly affected by n-3/n-6 fatty acid ratio in diet. The WGR and SGR of the prawns increased first and then
decreased with the increasing dietary fatty acid ratios, and the WGR and SGR in D3 group was the highest and
significantly higher than those of D1 group. The dietary n-3/n-6 fatty acid ratio had significant influence on the
crude fat (CF) and crude protein (CP) of the whole body, and the crude fat reached the maximum value in D4
group, which was significantly higher than those in other groups. The crude protein of whole body in D3 group
was significantly higher than those in D2, D4 and D5 groups. The n-3/n-6 fatty acid ratio in muscle was
significantly positively correlated with the dietary n-3/n-6 fatty acid ratio. The serum superoxide dismutase (SOD)
in D5 group was the highest, which was significantly higher than those in groups D1, D2 and D3, and not
significantly different from that in group D4. Glutathione peroxidase (GSH-Px) reached its highest in D3 group,
significantly higher than those in other groups. Serum malondialdehyde (MDA) was the highest in D5 group,
which was significantly higher than those in D1 and D3 groups. The Hsp60 expression was the highest in group D4
and significantly higher than that in group D5, but not significantly different from groups D1, D2 and D3. The
highest expression levels of Hsp70 and Toll in D2 group were significantly higher than those in other groups.
Myd88 expression was the highest in D5 group and significantly higher than those in other groups. In conclusion,
the dietary n-3/n-6 fatty acid ratio 1.02-2.20 can significantly improve the growth performance and non-specific
immunity of M. nipponensis, and change the normal components and fatty acid composition of the prawn whole
body.

Key words: Macrobrachium nipponense; n-3/n-6; growth performance; body composition; serum antioxidant
capacity; gene expression
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