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T2 Oy AR % 740 g 15 B n-3 PUFA/n-6 PUFA [ X 2 KB IT 4h 0T & K M gk I
BALA 4R LAMNEE A Mk & IR A RE L A%, £3%1T T n-3 PUFA/M-6
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SN BESE % B, n-3 PUFA I n-6 PUFA (4
5oL AR O BE R S8, n-3 PUFA R3S IR
# n-6 PUFA 1945 sl 0 4R, n-3 PUFA Fl
n-6 PUFA 7 A ¥y BRI 2 A8 A5 5 4 oA
AR PE TR, B e fa e 538 Y n-3 PUFA/D-6
PUFA LU %5 T 37 58 gl ) 045 1E A 4 R A R
S EE, LIRS MIE AR IR, ke
A6 25 VU I 2 7K S (C20:4n-6) 5% i) FL 4 155 X HF
(Litopenaeus vannamei) A= 1 P 58 Fl 5 938 AH ¢ 2
Pk, (EAEHRCR Z 0k EPA #Il DHA /K-F-
A2 M, H A TR YR (Macrobrachium nipponense)
A K Mk BETE 1 B n-3 PUFA/n-6 PUFA HLH N 1.04
A SRR I S AR K5 RAE REZE 6 (Sco-
VF [C F fiff (Sebastes schle-
gelin)'"? FIE B4 (Cyprinus carpio haematopterus)!'”
R R, PR R B, R R Y -3
PUFA/n-6 PUFA [t {H <3 [ ik UT 6% (Oncorhynchus
mykiss) $IL SAV-1 SRR AE M,

B IR IF (M. rosenbergii) H T H A Kl |
AMEKR . ABTEF . BRIESESE, 2R RIS
BT i o WFSEERBT, P RTE AR b e D7 5
N 5%~9%, AT v Y E R AR AR R
20, M (FO) AR T3 (SO) S& /K™ L& HIR AR D5
U5, BEAE PR R4 0 TT 45 80 Jo 1) JHL AN W
%, LAY 4w sl il o 2 At = AR RHOT A 1Y
HENES . SR AR Sl 3 5 & & n-3 PUFA
(4n C20:5n-3 f1 C22:6n-3) Fl n-6 PUFA (41 C18:2n-
6)*%1, fa R} R [F] n-3 PUFA/n-6 PUFA L1 2 75
S ) B R 2 DGR R A P i 1Y) 5 i R R 8 o i —
HRGE o AS SR TR ORFR IR Gl 1 A T
Jr i A A E e, Eod 5 H SRR, LA
B¢k n-3 PUFA/-6 PUFA HL(E X% [G 7 AR
AERPERE . LN G4 SEEm, 2K
TR SRR 5 B P i 1 U AR

1 MRS IT

L1 SR S5RREIHE

SERGARPRHEC Y OSSR RN 1 R,
AR L 5 R I R a3 Y B )R T 4R Y n-3
PUFA/n-6 PUFA [uf, LD 5 414 A SENR TR
Tk JEORLIE 1 VL R AT BR A R . A R
e, ok 80 H I, Fi REARDENEC 75 b Bl S)
S MK IR s A Htk R B 28 R BILET R s i 401K
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phthalmus maximus)!' |

T e JXUA B I ] AN [ REAS g ks, il
23 BB T 20 °C VKA ORAFRE T o R BEARARDRH R
IR PUFA UL, BRI InPLELRl 2, 6-
TORUCT He-4-HIIEZE RS, BHT), [RIAS DL a-3EH AR
TR, DAPRIE AR 28 5 2 Ab B3 ) SE 56 1R R K o
RO P R M o 4% 2 S 6 T ) 1) A I R L B A
# 2. D1~D5 41 ¥} n-3 PUFA/n-6 PUFA L {H
A3 037, 059, 0.93, 1.51 F14.38,

1.2 SERINKEFIEEE

FRIH SIS TE IR R A I SR A S M A T
BRRT 2 30 d B FR)E, PRIk MRS ST . R [T
TR R4 UR [ SF 244K T (0.44+0.02) g] 800 B2, FlAL
AYECE] 20 NS RIFE (1.0 mx1.0 mx1.0 m) N, 45 M46
AT 40 RBAIER . 4345 M 5 ikl AR 4
AT, BRAHIT 7:00, 12:00 F1 18:00 $EME
H 5% M 24 5 IR T 1 5%~8%, FHAR IR B 5 i
KA B AT i0M . 5 SRRk 8 JH, SR
WA R R AK 2 Ik, RRRAOK G V4. S AR
K R i 4 & e>6 mg/L, pH b 7.8~8.5, & A
HHE<02mg/L, KIEHN (30+2) °C, KMAEERE R 0,
SEIG AR PR E N B AR ST SIS B A0 BRI
FEAG IR I R 2 Sh A8 3 2 51 2 il 1 R
AT o

1.3 HEXE

FRIHELI ARG, YUK 24 h, FREIHGITHAF
W, AT R (WGR), I3 (SR). FriE
1% (SGR) LUK AH R R %L (FCR). B PAF FEHLIX 8
FEMR, FH— U0 1 S 2 DA FELC Js e LM 9k £ 2 T
1.5 mL &0, HIVA B8 09 B U IR T 10
mL B0, R i AR R ) SR B
P, 30 TR R RE A vk e by [ SE g0 =, Ik
B i 25 S AR TR 25 0 (4 °C, 3 500 t/min, 10 min) 7]
FIME, ATESMES . £EERERITE
ik

R (WGR, %)=(W—W,) | W:x100%

¥ 2 A K & (SGR, %/d)y=(In W/NgIn W/N,)/
x100%

Tkl ZEL (FCR)=W /(W W)

TEH R (SR, %)=Ny/N:x100%

B TVRE (FW, =WiN;

K, Wy RSB A5 AR Hh % TR R Y 6 o
(8); Wi N 256 T by i W 4 v 2 [ ¥ A ) L i
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F1 LRIAREARREFKE (FHRE)
Tab. 1 Ingredients and nutrient levels of the experimental diets (dry matter) %
ikl 45 groups
ingredient DI D2 D3 D4 D5

FhE By Peru fish meal 27.00 27.00 27.00 27.00 27.00
4 spray dried blood powder 5.00 5.00 5.00 5.00 5.00
1e/EH1  peanut meal 8.00 8.00 8.00 8.00 8.00
Ml soybean meal 15.00 15.00 15.00 15.00 15.00
TKEEHR  corn protein meal 2.50 2.50 2.50 2.50 2.50
WU RE  beer yeast 3.00 3.00 3.00 3.00 3.00
o-JEH}  o-starch 27.69 27.69 27.69 27.69 27.69
fajl fish oil 0.00 1.25 2.50 3.75 5.00
il soybean oil 5.00 3.75 2.50 1.25 0.00
KG UG soybean lecithin 0.50 0.50 0.50 0.50 0.50
UFZH"  mineral premix" 1.00 1.00 1.00 1.00 1.00
IFZ 4 vitamin premix” 1.00 1.00 1.00 1.00 1.00
IR S5 Ca(HPO,), 2.00 2.00 2.00 2.00 2.00
SALNERH(50%)  choline chloride (50%) 0.30 0.30 0.30 0.30 0.30
2,6- T FE-4-FFEKEY  butylated hydroxytoluene 0.01 0.01 0.01 0.01 0.01
it 17 squid paste 2.00 2.00 2.00 2.00 2.00
&1t total 100.00 100.00 100.00 100.00 100.00
BSR4 AL nutritional composition

HHE A crude protein 37.03 37.29 37.55 37.33 37.61
B  crude lipid 7.12 7.21 7.05 7.01 7.25
/K% moisture 11.03 11.12 11.33 10.94 11.27
K4y ash 6.67 6.38 6.77 6.81 6.55

W DET w0 YRR 5 F Ca (CaCly) 10.5 g« K (KC1) 90 g« Mg (MgSO,4-H,0) 12 g, Fe (FeSO4) 1.0 g. Cu (CuSOy) 3.0 g Zn (ZnSOy)
10 g« Mn (MnSOy) 3.8 g. Co (CoCl,) 0.8 g+ Se (Na,Se0;) 20 mg; 2)%F T ww 44 F B AL 14 VA 8 000 000 IU. VD 2 000 000 IU. VE 50 g+
VK 10g. VB, 5g. VB, 15g. VBgs8g. VB},0.02 g. JHMi%Z40 g. D-IZFRE525 g MK 2.5 g« AEMFK 0.08 g NIEE 100 g.

Notes: 1) contained the following per kg of mineral premix, Ca (CaCl,) 10.5 g, K (KCI) 90 g, Mg (MgSO,4-H,0) 12 g. , Fe (FeSO,) 1.0 g, Cu (CuSOy)
3.0 g, Zn (ZnSO,) 10 g, Mn (MnSOy) 3.8 g, Co (CoCl,) 0.8 g, Se (Na,SeOs) 20 mg; 2) contained the following per kg of vitamin premix, VA 8 000 000
IU, VD 2 000 000 IU, VE 50 g, VK 10 g, VB, 5 g, VB, 15 g, VB4 8 g, VB, 0.02 g, nicotinamide 40 g, D-calcium d-pantothenate 25 g, folic acid 2.5 g,

D-biotin 0.08 g, inositol 100 g.

(2); Ny ASEEGEE A WA 2 FIR IR A ) R AG
N; J ST ba i A o 2 TR IR R Wy sk
6 T ey 51 552 56 245 SR 10 4 o BT B R ARDRL Y T ()5
t AFFFE A (d)o

1.4 &N 2T

T REFIL PR 8 7K 4 B 2R 105 °C BEAE T
PRIEE A (GB/T 6435—2014); ISR 4
15- A (GB/T 6433—2006); JR43RH] 550 °C
L P R I (GB/T 6438—2007); FL&E 115
K FHHLEG A2 ZE A (GB/T 6432—2018),

WA AL PR % Ak B o 1R 2 R 0 2 R FH = Ak
R R ARk o B IR LIAL B AR RERE S VR T U
KA -FEE (V2 =2 0 1) SRR, A 1TmL
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IEC e s BT, A 1 mL R H BRI Y
Cio TEHWNFR, B2 T4 4h; A 2mL 14 % =3
AL H B W, 100 °C 7K ¥ 25 min; 2R 5 A
2 mL FEEH 2 mL 4, 100 °C /K4 25 min; N
A 1 mL Z88/KF 1 mL IEC ke, JRFHIRAIE 3 500
r/min B0 5~10 min, B R, S-S
AL 3 Bt o LARE D5 FR A5 1 iy (Sigma) ) £ B 1
() FN 537 [ 18 X6 A ot B D R B A 7 e M B, HE
PRt 53 25 M T 1R 10 246 5% %
C, =C1oV1oM.S, /M 4S19m

K, C FoR NG W RRAEAE S B & B (mg/g);
Cio WA BE (mg/mL); Vig N INFRYI N AR
B (mL); Mo HNFRPITHBE T it Sy M NAR
YRR ; M o ERR iR BRI 4 F i S, A
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F2 TIRTARIBEAERAR (TR

Tab.2 Fatty acid compositions of the experimental

diets (dry matter) mg/g
T i 5 groups
fatty acid DI D2 D3 D4 D5

C14:0 1.05 1.03 1.28 1.64 2.37
C16:0 5.36 5.89 6.44 7.36 7.29
C18:0 2.50 2.56 2.80 2.96 3.78
C22:0 0.15 0.18 0.14 0.15 0.14
XSFA 9.06 9.67 10.66 12.12 13.58
C16:1n7 3.08 3.13 3.35 3.83 4.94
C18: In7 3.17 3.07 3.19 3.64 4.67
C18:1n9 3.23 3.06 3.30 3.94 5.03
C22:1n9 0.55 0.66 0.51 1.04 1.33
MUFA 10.03 9.91 10.35 12.46 15.97
C18:2n6 15.98 10.01 7.85 5.93 2.35
C18:3n3 2.22 1.07 0.61 0.58 0.37
C18:4n3 0.40 0.39 0.38 0.82 1.38
C20:4n6 0.22 0.36 0.38 0.62 0.98
C20:4n3 0.16 0.15 0.15 0.32 0.50
C20:5n3 1.36 1.76 2.19 2.72 4.45
C22:5n3 0.65 0.75 0.84 0.92 1.38
C22:6n3 1.27 1.96 345 4.53 6.54
PUFA 22.26 16.45 15.85 16.44 17.95
C18-PUFA 18.60 11.47 8.84 7.33 4.10
C20-PUFA 3.66 498 7.01 9.11 13.85
¥n-3 6.06 6.09 7.62 9.89 14.62
Zn-6 16.20 10.37 8.23 6.55 3.33
n-3/n-6 0.37 0.59 0.93 1.51 4.38

. EEDRENIBR(W1C20:2n-9. C18:3n-6) K FIAFK 1, SFA.
HAENIER, MUFA. SEAMIAENT R, PUFA. £ AR RZ
2n-3=C18:3n3+C20:5n3+C22:5n3+C22:6n3, Xn-6=C18:2n6+C20:2n6+
C20:4n6.

Notes: The contents are minor or trace amount (such as C20:2n-9,
C18:3n-6) were not listed in the table; SFA. saturated fatty acid, MUFA.
monounsaturated fatty acid, PUFA. polyunsaturated fatty acid, Zn-
3=C18:3n3+C20:5n3+C22:5n3+C22:6n3, Zn-6=C18:2n6+C20:2n6+
C20:4n6.

FERR TR P AL, m AR EE (2).

L3 B I B 2 A 48 A R R &5 5 (R
TR NA Y TARBEIERT) . B I IR ARAE DKok i ]
AEREKFE 19 (FEE L) SIHK, ST 3500
r/min, 4 °C &[> 10 min, B E3EWR . FH# R
&5 R U6 A5 0 2 R AR A P B A (SOD). TN
(MDA). St ARE ] (T-AOC). Il ¥ 4 ¥ & 1
A HEEE  (AST), BN & Bl (ALT), JEHEHE
i (TG). EH[E B (T-CHO). & &HH (TP),

B (GLU). fEFIEG. BRI . a-ﬁm@#zg%m

1.5 HuRSH

S 36 285 B F V- Y {H 65 fE 22 (mean+SD) H J7
R FoR, ffiFH SPSS 25.0 B4 1Y BA R R 7 2243
Bi (One-Way ANOVA) 73t ¥4l i 25 57, M ER7
I3 B 3E—25 F Duncan [G 7 s FE A AL B 22 [R] 7Y
2e5%, P<0.05 Fon2e5t W o NG DT RR 10 AH S 43
By >R FH WUAS 1540 434 (Bivariate Correlations) .

2 4R

2.1 3%} n-3 PUFA/n-6 PUFA Et{E 3t B K3ER
KM EERFNT

Bifa kL n-3 PUFA/n-6 PUFA HERYTHE, ZIK
TAEF FW. WGR #l SGR ¥Je Tt 5k, Hh D3 4
B, HEZE T DI, D2 #l D54 (P<0.05),
D3 41 FCR & F LT D2 (P<0.05), {H5HAthH
WA BFH 2SS (P>0.05), 1Kl n-3 PUFA/n-6 PUFA
FUAELXT % FQTR MG 2RI 8 5 M (P>0.05) (3% 3).
KT LA AR F T 0B, B ICTR ERF L HF WGR #£
i %k n-3 PUFA/n-6 PUFA HE A 0.94 Ff e K, T
B IR AR HF SGR 7E1 K} n-3 PUFA/n-6 PUFA [
B0 0.86 f e Kk (1] 1),

%3 1A%l n-3 PUFA/n-6 PUFA EL{EXS 5 RN SIERE K14 BERY R0
Tab.3 Effect of dietary n-3 PUFA/n-6 PUFA ratio on the growth performance of juvenile M. rosenbergii

H5|  groups

TiH

ltems DI D2 D3 D4 D5
FiER/% SR 90.62+3.15 92.50+3.54 89.38+2.39 93.13+2.39 93.75+5.20
AR HE/g FW 5.75+0.28" 5.89+0.29" 6.50£0.25° 6.11£0.31® 5.82+0.22°

WAE /% WGR 1176.83+62.85"
KR EA K% SGR

R R FCR 1.21+0.07"

2.97+0.10°

1208.40+63.75"
3.02+0.10°
1.28+0.07*

1344.00+55.96" 1256.50+£68.11° 1193.29+81.93°

3.22+0.07° 3.09+0.1° 3.00£0.11°

1.18+0.04° 1.19£0.06™ 1.21£0.06"

s [F—AT PR T RN 22 5 5 3 (P<0.05), Rl

Notes: Means in the same row with different superscripts are significantly different (P<0.05), the same below.
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$=202.73x+1 126.20
Loy R 86 4.0 0.53x+2.76
1 ° . - y=0.53x+2.
o 1300 ;/i/l\:\L g 35}  R=07
D\DE 1200 r s é; 3.0-*‘7.;.\—.—
B e ¥3E 25t
1100 y=-32.52x+1 341.40 N T y=-0.07x+3.28
= R*=0.76 H o R=0.72
2 1000 t e 1St
4 x=0.94 S5 o100l
900 | *o x=0.86
& 05+ /
800 - . . : 0
0 1 2 3 4 0 1 2 3 4 5
n-3/n-6 PUFA n-3/n-6 PUFA

1 {@#}s n-3 PUFA/n-6 PUFA LL{E S T KIBINANEMEE R (a) MEFEEKE (b) BIEIVISDH
Fig.1 Regression analysis of n-3 PUFA/n-6 PUFA ratio and the WGR (a) / SGR (b) of juvenile M. rosenbergii

2.2 4@% n-3 PUFA/n-6 PUFA Lt {E 3t B KB ER
AL 4R 53 B9 520

158} n-3 PUFA/n-6 PUFA Fb{H % IRAA L A 7K
g3 MLER 1 BORTR 70 5 5 06 B 2552 ) (P>0.05) 5

WL A OB 15 & 2 BE 45 B} n-3 PUFA/n-6 PUFA [ {H
BT G, (ED3HAkHRE, HiEHS
T HAh4H (P<0.05) (55 4).

%= 4 (A% n-3 PUFA/n-6 PUFA L {E %} 5 FCIBEN SN ERAL Y 5 M 4R 43 B 820

Tab.4  Effect of n-3 PUFA/n-6 PUFA ratio on the muscular composition of juvenile M. rosenbergii %
HH 2035 groups
items DI D2 D3 D4 D5
/K4 moisture 77.78+1.25 78.51+1.39 78.19+1.84 79.92+1.54 78.33+2.21
ME A crude protein 85.58+1.44 85.02+0.86 86.28+1.06 85.59+1.34 86.52+0.64
B total lipid 4.58+0.20° 4.46+0.39° 5.07+0.12" 4.5440.15" 3.7240.26°
#K5y  ash 5.35+0.27 5.48+0.30 5.45+0.38 5.47+0.21 5.5040.30

%} n-3 PUFA/n-6 PUFA LA % %' [G1H R L
TR IR 7 2 2 1A i 252 A (P<0.05) (3% 5). DS 4
SFA & i m, It % & T HALY (P<0.05); D4
2 MUFA & &, JFE%E & T DL D2 41 (P<
0.05); Fififa B} n-3 PUFA/n-6 PUFA Y {8 A4 384 i,
B ICIRIFALA n-3 PUFA 58 EFF, 78 DS 4k 3|
e, JF 8 m T HARYL (P<0.05); 1M n-6 PUFA
& E R % (P<0.05), 78 DS R fk; Al
P n-3 PUFA/n-6 PUFA H.{f Bfi 17 ¥} n-3 PUFA/n-6
PUFA HETE@EM ETE, 76 DS ik B,
e T HAB A (P<0.05),

Wit 7kl n-3 PUFA/n-6 PUFA [0 FF, HF
PR WL F i 105 198 5 ek v 6l 17 i 7 TR 22 430 22 1 A
X, HA Cl16:1n7 il TPUFA S FAHXE . 1EIFAHX
T AHOCRR FE A AR, o ZSFA | C18:3n3 Al
C20:5n3 5 i FAH ¢ (P<0.05), C18:2n6, C22:5n3,
Tn-6PUFA Fil n-3/n-6 4% B EH15E (P<0.01) (3 6).

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

2.3 A%} n-3 PUFA/n-6 PUFA tL{E %t T ;B4R
MENEE IR

Bifi 17 #} n-3 PUFA/n-6 PUFA [L(E RS L FF, &
FIRURIMYE T-SOD 34 . T-AOC FIML{E CP & &
YTt E ke, Hid T-SOD % Al T-AOC 7E D3 41
RFEROR, MW CP e DAHKRIRK, 5§
D3IHEAH B F 25 (P>0.05), HE FET DI,
D2 il D5 41 (P<0.05). Il MDA % & ki 7 #} n-3
PUFA/n-6 PUFA B L FH i s i, 78 D5 43k 2|
K, HEERT DI, D2 f1 D3 4 (P<0.05), X
% [T R I AR b S8 Ak e 1 19 43 B B, T-SOD
TEVER T-AOC 43578 D4 1 D3 4HiAF)H k. MDA
PrEfE DS ik EliK (% 7).

2.4 %A%l n-3 PUFA/n-6 PUFA LE{E %t B ECiBER
mEE s FRE 20

fA#} n-3 PUFA/n-6 PUFA Lt {E X7 % G VA IF 1
W TP Ml GLU & & JC i # % W (P>0.05); % [KiR
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# 5 1A% n-3 PUFA/n-6 PUFA LB 5 FCANR A ERAN B S AR BR 28 Ak RO 821 (FHR)
Tab. S Effect of dietary n-3 PUFA/n-6 PUFA ratio on muscular fatty acid profiles of
juvenile M. rosenbergii (dry matter) mg/g
e ALA_groups
fatty acid DI D2 D3 D4 D5
C14:0 0.85+0.12 0.82+0.26 0.84+0.23 0.96+0.26 0.90+0.23
C16:0 7.48+0.55 ™ 7.1740.61° 7.810.27™ 8.05+0.17° 8.85+0.45"
C18:0 2.08+0.33 1.78+0.64 1.73£0.23 1.65+0.35 2.39+0.29
C20:0 0.62+0.09 0.56=0.05 0.61£0.03 0.54+0.03 0.60+0.04
¥SFA 9.04£0.57° 10.34+1.15° 11.01£0.49° 11.19+0.61° 12.74+0.64°
Cl16:1n7 4.02+1.06 3.25+1.74 2.87+2.02 2.77£1.54 2.45+1.35
C18:1n7 2.93+0.13" 3.21£0.16 3.51£0.14™ 3.82+0.31% 4.13£0.46"
C18:1n9 6.22+0.63 6.06+0.55" 6.82+0.19™ 8.16+0.65" 7.40+1.60"
*MUFA 12.95+0.68" 12.51£0.57° 13.21£0.15® 14.75+0.46" 13.99+0.47*
C18:2n6 9.38+0.27" 7.31+0.35 6.40+0.17° 5.63+0.13 2.21+0.58°
C18:3n3 5.59+0.75" 4.18+0.51° 3.04+0.86° 2.73+0.31° 1.37+0.54¢
C20:2n6 1.57+0.34" 0.74+0.06" 0.83+0.34° 0.37£0.11° 0.77+0.58"
C20:4n6 0.79+0.32° 1.21£0.34" 1.91£0.49® 1.72+0.54® 2.05+0.36"
C20:5n3 5.99+0.41° 8.76+0.84" 9.74+0.86" 10.45+1.12° 12.65+0.41°
(22:5n3 0.72+0.05° 0.80+0.03" 0.81+0.07" 0.87+0.02° 0.99+0.05°
C22:6n3 2.33+0.35° 3.40+0.25° 4.44+0.29° 5.54+0.21 6.94+0.51*
YPUFA 25.77+0.68" 27.40+0.48™ 28.12:0.55" 27.21+0.64" 26.98+0.74™
Tn-3 14.13+0.18" 17.14+1.57° 18.44+0.56° 19.49+0.88° 21.95+0.43"
Tn-6 11.64+0.43" 10.26£0.31° 9.18+0.55° 7.22+0.31 5.04+0.75°
n-3/n-6 1.21+0.07¢ 1.67+0.35° 1.90+0.43" 2.52+0.27° 4.36+0.45"

WRIMLTE AST 1 ALT 3G PEX7E D3 AR, 5
D4 4 JC W 2 5 (P>0.05), {H @ EALT HAb4
(P<0.05); % [CIREFILYE TG F1 T-CHO 7 & 7F D1
HIKFNERR, IR s T HAML (P<0.05) (% 8).

2.5 %A%} n-3 PUFA/n-6 PUFA tt{E 3t B KBER
RF AR AR B L BB SR ME RO S2 M

Fiti 7k} n-3 PUFA/n-6 PUFA [ {H AU K, %
[T M g it 28, 1 0 P R i 7 T 5 I 0 2 35
SeFtE ke, 7F D3 HR IR, JF W T AL
4 (P<0.05); NeWimEEEAE DS ikl K, I
FHE T D1, D2 fil D3 4 (P<0.05), {HY D4 1%
A 325 5 (P>0.05); TEM B PESCRE S L, TR
D3 A H &ML, HREZFNT DI, D4 D54
(P<0.05) (% 9).

3 Wi
3.1 %@% n-3 PUFA/n-6 PUFA Lt {& %t B 3BT
H KM RERI SN

EAWFSE T, % n-3 PUFA/n-6 PUFA L {E
POR AL VRS TS A1 I EE S DR E K|
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¥} (n-3 PUFA/n-6 PUFA=0.93) ) %' [ 73 HF ¢ 91
T R I 3 F R R /N AR R B PR IR 43 B
W, 45 Kl n-3 PUFA/n-6 PUFA [t {8 Ny 0.948%
0.86 2 FQ YA MR ¢ I HE I K 1 J R sl e A
R, FRWEE P IE H A n-3 PUFA/n-6 PUFA H
AR T RBEFA A . Teshima % %K B AL
H1 C18: 3n-3 5 CI18: 2n-6 HAH My 0.083 A AE 3%
PR D TR AR EE R, X H AT R g ] g
AR FE R, RDEL PR RS 1Y n-3 PUFA/R-6
PUFA U {H (1.04 F1 1.09) b il {2 s HAE K, 425
B E A & AR n-3 PUFA/n-6 PUFA LGB 1 52
0% 21 MR R A K BB Y 4 1R 1T BE S T B AR S 4 1
A K, $E n-3 PUFA/n-6 PUFA . {H K 0.93
(D3 41) TRk 2 EC YA U I A v 25 1 i RO 5 7R
A BRI B K IR T, R AR S B Y n-3
PUFA/n-6 PUFA [H 2% [GVR IR X & Wb iR
F1 ST A T AL RTIE B AT RO, T e el ik
AT L RE R I U RE A8 55, iR A
UESE R ZZWE (Scophthalmus maximus) % 55} Hh 44
FiE B n-3/n-6 LC-PUFA H 9] b ]t 25 2 v 26 1
Fit§ F1 A I R ARG 1 . KRS R, fAkkrp
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6 TAREAER S AL AEARER VAR KM ST EE R
Tab. 6 Correlation analysis results of fatty acids in

feed and corresponding fatty acids in muscle

i AHIRTE R
fatty acid correlation coefficient

C14:0 0.387
C16:0 0.655
C18:0 0.401
XSFA 0.897"
C16:1n7 —-0.592
C18:1n7 0.738
C18:1n9 0.437
EMUFA 0.446
C18:2n6 0.925™
C18:3n3 0.875°
C20:4n6 0.583
C20:5n3 0.852°
C22:5n3 0.950"
C22:6n3 0.987"
TPUFA -0.900"
=n-3 0.796
n-6 0.900"
n-3/n-6 0.981"

T PRIRAEQ.05 /KT CUURATIN) B AHIG, % RIRFE0.01 KT
ORI IR A, I,

Notes: "*" represented significant correlation at the 0.05 level (bilateral),
"#*" represented extremely significant correlation at the 0.01 level
(bilateral), the same below.

EE IR (C18:3n-3, C20:5n-3, C22:6n-
3. Cl18:2n-6 Fll C20:4n-6) T {27 /K = Bl ¥ %) & ¢
Wy 5T 0 W SR AT, AT A AR A PR T
MAEA®F 5 H, 4%l n-3 PUFA/n-6 PUFA [ {H Y
AL S PR E 2 B iRDR BT A R T IR Y AR A i e A

Mo PRI, #EW7E S B 8 n-3 PUFA/n-6 PUFA
e, SC 2 AR B B i BGE v RE S
2 41 R A T MR A G 0 5 R D R (C18:3n-3
C20:5n-3, C22:6n-3. C18:2n-6 1 C20:4n-6) A 75
FHE %, ik n-3 PUFA/n-6 PUFA [ (E 2H (19 % [
TR R R 22, — T I 5 3 S0 S 05 21 A L fig
JIF R OURRRE I A2 554 0¢, i —J7 i, S
fik n-3 PUFA/n-6 PUFA FU A () ) 4 A 2 21 R 44 7%
BN LI C=20PUFA A 5%, 1% n-3 PUFA/n-6
PUFA b {H 1 B} 41 (D1 A1 D2) /% 4 & & C18
PUFA (18.6 il 11.47 mg/g) Fl 4 /b ) C20-PUFA,
& n-3 PUFA/n-6 PUFA (D5) Ml il RHH v & 4
H# C20-PUFA (13.85 mg/g) Fll % /L ) C18-PUFA,
iM% 7K MR Fi C18-PUFA[H] C20-PUFA fY 4% 1k fig
55 . C20-PUFA 2 4 i A o 28 19 4 Wi 43, ]
B} C20-PUFA k= SEMaITAGE B B R R s
i n-3 PUFA/n-6 PUFA [LEHA Y [RBIFERK T
W&, K& T & n-3 PUFA/n-6 PUFA [ {41 % [GiE &R
X v R I AR R B DT DR AR 55 4 G4, HE
A 52 % Y n-3 PUFA 5 n-6 PUFA 35 4+ il
Gk, TEAEWRNELZ A3 LA, n-3 Fln-6
AP MR A REAH B Ak, HACHT R A B3 4
20T e 7K B -3 B n-6 23 40 X O i I
PR, Sema sk K PERE

I kBl n-3 PUFA/n-6 PUFA It {§ & 0.93 i}
(D3 4H) "] fiE ik & [ TR AR AL IRDRLAG D5 A 8RR, L
{ELE o S AR 2 X 5 EC VR R L IRVRLRR i A 35t
BUE BB MEIER, X — R AR5 3h
AR T RES S AR D3 P R
WO JFF R A B 07 T 5 o it 0 P b 5 e T LAt 2, A
Wb — 23 52 AR RE S B n-3 PUFA/n-6 PUFA L
(B AT (2 3E 2 T VE A UL PR R AR 1D A 3R o [RI B,

#& 7 1A% n-3 PUFA/n-6 PUFA tLES % [RIBEMAE (L EE RIS
Tab.7 Effect of n-3 PUFA/n-6 PUFA ratio on antioxidant capacities of juvenile M. rosenbergii

2171 groups

HL hrALRE
tissue antioxidant capacity D1 D2 D3 D4 D5
1 SBEMEALET/(U/mL)  T-SOD 18.24+0.61°  15.56+1.03° 23.07+1.10°  20.05+0.82°  16.25+1.94
serum
4 —M/(nmol/mL) MDA 20.00+1.33°  24.36+1.17° 24.10+1.60°  26.92+0.77°  27.69+1.54°
RPUEMRES/(UmL)  T-AOC 36.91+1.25°  37.46+2.63" 44294245 4329+1.67°  38.28+1.70
MiEHEEE[E/(UL) CP 320.15+4.19°  360.24+£14.35°  419.14+8.87°  435.04+5.53"  357.88+12.36"
JHF R RSB ALE/(U/mL) T-SOD 15.51+1.38"  17.26+0.88" 18.20£1.43"  18.70+1.58"  15.72+0.83"
hepatopancreas »
4 —H/(nmol/mL) MDA 15.06£0.35"  12.60+2.52° 13.5041.29°  17.65+0.73"  19.48+1.43"
BPUEALAE S1/(mmol/g prot)  T-AOC 28.64+0.64°  32.91+2.08° 39.83+1.23"  37.00+1.40°  30.27+1.78
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# 8 17} n-3 PUFA /n-6 PUFA Lb{EXS F FCIBEN 0T MLE A (L S A0S0
Tab. 8 Effect of n-3 PUFA/n-6 PUFA ratio on serum biochemical indicators of juvenile M. rosenbergii

W H 5 groups

item DI D2 D3 D4 DS
BRI E/(U/L)  AST 20.84+1.45° 19.31+1.81° 16.37+1.01° 16.50+1.17° 21.22+0.96°
BHFEERR/(U/L) ALT 37.5+2.80° 40.49+1.45" 26.93£1.77° 29.70+3.09° 39.64+1.61°
H il =E&/(mmol/L) TG 7.08+0.20° 4.70+0.64° 4.88+0.43" 5.07+0.28" 4.71£0.53"
A IH[E BE/(mmol/L)  T-CHO 2.640.18" 2.340.11° 1.85+0.08° 1.88+0.08° 1.89+0.10°
MIEMA/(g prot/L) TP 3.30+0.10 3.31+0.08 3.34+0.11 3.30+0.05 3.24+0.20
&K/ (mmol/L) GLU 4.70£0.25 4.99+0.31 4.95+0.74 4.97+0.71 5.20+0.66

#*9 1A% n-3 PUFA/n-6 PUFA LL{EX] %5 FCIBUN AR AT B AR H (L BE TR 1 A 22 0
Tab. 9 Effect of n-3 PUFA/n-6 PUFA ratio on hepatopancreas digestive enzyme activities of juvenile M. rosenbergii

217 groups

T AL
enzyme activities D1 D2 D3 D4 D5
F HFHEME/(U/mg prot)  protease 58.8442.94° 73.9142.24° 78.59+1.99° 73.84+1.38" 72.87£1.97°
JE i /(U/mg prot)  lipase 17.14+1.43° 17.09+0.76° 17.06+0.62° 21.95+1.92° 22.18+1.12°
VR PE/(U/mg prot)  amylase 0.98+0.03" 0.73+0.04" 0.69:0.03¢ 0.77+0.04° 0.93+0.05°
NE TR & BB/ (ng/mL)  FAS 1.98+0.11° 2.26+0.20° 4.00+0.35° 3.50+0.20 2.45+0.35°
ARV ZHZ TR AR WL rh 4 K 2 88 DR i) 22 4k 5 AR A AR RE Y I A R B AT

S R X U R AR b B IE ARG, Hh n-3
PUFA. EPA. DHA. Cl8:2n6 fl n-3 PUFA/n-6
PUFA LU {H & 1 3 TE ARG, Ud W UR A L Y B 7 R
B2 TRk H B I R 2L S B R L, K LA I %o
W B S PR VY b (Salmo salar)™ S FREEE
dn A R ER AR B T UESE

3.2 AR P AR[E n-3 PUFA/n-6 PUFA LEL{E XS
FBEMT R L AE RIS

it B AR A S S AR B MDA S K 4
M E ARG EE A FE bR . Tin 2500 %2 30 SRk (Acan-
thopagrus schlegelii) % £ 155 7K F i) n-3 PUFA 1A 8}
22 g F PR S O E P MDA vk 5 . A EE = K F
i) n-6 PUFA, = /KF-HY n-3 PUFA B 25 5 1 41 ifd
B o ok R Ak B AU PR i Y AR SR, ik
-1 n-3 PUFA/n-6 PUFA B REHEE (DS) & A &
7K F % n-3 PUFA (14.62 mg/g), 1% 7K F 19 n-3
PUFA/n-6 PUFA H{EAREM (D1) &4 = 7K P-4 n-
6 PUFA (16.20 mg/g), % FK{A HF I 375 A B A oh
MDA 5 8%l n-3 PUFA/n-6 PUFA L { A48
i ETF, FIHEE AR n-3 PUFA/n-6 PUFA FUAE 1
T IR T AR Y b 45 . SOD J2& I R Mt 4
TR BT 22 G0 i G s il , vl AR P 4R i A4l 21 e 2
AL, T-AOC ZF8HLIARTT LAV bR A oy = A
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Rk N o Uk B iR SRR PR Y, TEARAEGE R,
#} n-3 PUFA/n-6 PUFA [L{E A 0.93~1.51 B R AR
FIfL7% SOD §% 14 . T-AOC DA M IfiLiE CP & &3k
Bl K, FUAERH IS B n-3 PUFA/n-6 PUFA b
H TP R A& LRE T, i & s AR &
FEAEARFIRR N . 58 E KSE (DS) AR (D1
F1 D2) n-3 PUFA/n-6 PUFA L {8 15 RH2H 19 %[GR
R BT AL RE 1 R B, HEM T RE S K P19 n-3
PUFA 3§, n-6 PUFA S H: He 5 AN -y 5 B0 S AL L
WO RAE A K. AR, KEEA
3 19 n-3 PUFA 5% n-6 PUFA £ {ii #iF {4 1 30 5ok 5
1) 9 S MY, SR MRS AR, 40 i 4R
LWy AR B A AL G I Rk T i, Jf
Bl 5 RE KT B T, 1T ARE 23 18 LR 4 e 9iE
bt EALHLRE B IEF K40

3.3 (AR FA[E n-3 PUFA/n-6 PUFA tL{EXT S
ETﬂ]l/aimia*T\E’]E‘ﬂﬂ

AST FI ALT WA N EZ WL AN, =5
HUANE G2, IR, (B IE41Z
A 7 T AR A B 3R 3 G R N 2% 0E A B I
HET FEARMESE Y, 1AE} n-3 PUFA/m-6 PUFA L
E0 0.93 B, % CIRERIM I T AST F1 ALT R %
HI K, R IEERIE B n-3 PUFA/n-6 PUFA
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LUAEL 23 38 0 JFF R A 4 ML () 453473 0 Jin S50 7 DAY
Wit & B, fRRE IS B A9 n-3 PUFA/n-6 PUFA [
H 40 BRI P AST Al ALT By &, &
i 5 833 K n-3 PUFA/n-6 PUFA H A 1R R &[G
EEAN R DR R VRS g AW B L S S GF S
T8 EL A AR D7 R LG ) 2 A i A R Az U, e
U B R v i W sk BE R, T s B G R AR
JHF Pt e 200 1) 483475

UEAN, IR Z A0 A 25 & AR e B el A
FRARALRT, I35 T-CHO Fl TG ¥k B 2 il 4 Jint |
PRI I3 R T-CHO 1 TG ¥ 5 ] 5 Bl H R ) i
BRI o 8 VG T e ) R R S ) D) A 4RI
JKF- 1) n-3 LC-PUFA B, il i Hh A AR 2% 3 g 2
FURIH I =l o i 0 2 T R . AR A5 20 250
459 ik n-3 PUFA/n-6 PUFA B 2H (D1) B9 V8 4
I3 T-CHO 1 TG % &t &b 2 = TH A4, Ui/
KK n-3 PUFA/n-6 PUFA HAH 25521 % [ VA BRI
ol ) fi B . 5 & IK n-3 PUFA/n-6 PUFA [ {E 17
R % I AR L% T-CHO 1 TG T il J5L K 7 fig
RIMA R A AR H n-3 PUFA, & & &8 n-3
LC-PUFA £ A ]y /b e AR AP 25 B2 Ais 2 11 AR H
T =R A, (A I B ARG 2 B R AR R
M= ER AT B, T A AT o I =R AR AR
HEERR e B

T B4 ‘B Y n-3 PUFA/n-6 PUFA AR 7] i 3%
PTHZ [CIRI A KPR RE BT E AL RE Ty, XS R
RV A KR T YT |, P G AR 4 i
Tk s n-3 PUFA/n-6 PUFA BN 0.86~0.94

(& 7 WA A U 52 B s A2 B Al 32 )
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Effects of dietary different n-3/n-6 fatty acid ratio on
the growth performance and antioxidant capacity of juvenile freshwater
giant prawn (Macrobrachium rosenbergii)

LU Hongyu', ZHOU Yue', SHU Huang', WANG Weilong ">}, HUANG Xuxiong "**"

(1. Key Laboratory of Freshwater Aquatic Germplasm Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Aquaculture Engineering Technology Research Center, Shanghai Ocean University, Shanghai 201306, China;
3. National Fishery Science Experimental Teaching Demonstration Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract: An 8-week feeding experiment was conducted to investigate the effects of dietary n-3/n-6 fatty acid
ratios on the growth performance, muscle quality, antioxidant capacity, serum physiological indicators and digest-
ibility of Macrobrachium rosenbergii. Five iso-nitrogenous and iso-lipidic diets were formulated with graded
levels of n-3/n -6 PUFA(D1: 0.37, D2: 0.59, D3: 0.93, D4: 1.51, D5: 4.38), with four replicates, 40 shrimps each.
The results showed that the dietary n-3 PUFA/n-6 PUFA ratio did not significantly affect survival rate (SR). The
final weight (FW), weight gain rate (WGR) and specific growth rate (SGR) of the shrimp first increased and then
declined with the increase of dietary n-3 PUFA/n-6 PUFA ratio, with the D3 group displaying the highest values.
The D3 group also displayed the highest hepatopancreas protease and fatty acid synthetase (FAS) activities. Diet-
ary n-3 PUFA/n-6 PUFA ratio had no significant effect on the muscular crude protein content, moisture and ash
content of the shrimp, but the D3 group showed the highest muscular total lipid content which was significantly
higher than those of other groups. The variation trend of muscular n-3 PUFA/n-6 PUFA ratio in shrimp was posit-
ively correlated with the variation trend of dietary n-3 PUFA/n-6 PUFA ratio. The superoxide dismutase (SOD)
activity and total antioxidant capacity (T-AOC) in hepatopancreas and serum as well as the ceruloplasmin (CP)
content in serum first increased and then decreased with the increase of dietary n-3 PUFA/n-6 PUFA ratio and
peaked in D3 (0.93) group and D4 (1.51) group, but the content of malondialdehyde (MDA) rose continuously.
The content of total cholesterol and triglycerides in the serum of D1 group were significantly higher than those of
other group as the dietary n-3 PUFA/n-6 PUFA ratio increased. The activities of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) in the serum of the shrimp first declined and then increased and the D3 group
had the lowest values. It is therefore suggested that an appropriate dietary n-3 PUFA/n-6 PUFA ratio significantly
improves the growth performance and antioxidant capacity the juvenile prawn M. rosenbergii. Based on Broken-
line regression analysis of WGR and SGR, the optimal dietary n-3 PUFA/n-6 PUFA ratio, for growth performance
of juvenile freshwater giant prawn M. rosenbergii is 0.86-0.94.
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