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Tab.1  Formulations of five experimental diets %

ingf(itnts Dietl Diet2 Diet3 Diet4 Diet5
TH1  soybean meal 20.00 20.00 20.00 20.00 20.00
SEHFH rapeseed meal 14.54 14.54 14.54 14.54 14.54
BRI wheat gluten 2.00 2.00 2.00 2.00 2.00
il fish meal 18.00 18.00 18.00 18.00 18.00
T4 wheat flour 14.00 14.00 14.00 14.00 14.00
ML RERY  brewer’s yeast 4.00 4.00 4.00 4.00 4.00
Bk squid meal 10.00 10.00 10.00 10.00 10.00
#F¥3  shrimp meal 3.00 3.00 3.00 3.00 3.00
YiE FHUREL  vitamin premix’ 0.76 0.76 0.76 0.76 0.76
W PFEBUERL  mineral premix® 1.20 1.20 1.20 1.20 1.20
IR — 545 Ca(HPO,), 1.50 1.50 1.50 1.50 1.50
ZALHEAE  choline chloride (50%) 0.50 0.50 0.50 0.50 0.50
WLEE  inositol 0.30 0.30 0.30 0.30 0.30
iyl fish oil 8.00 6.00 4.00 2.00
Hih soybean oil 1.00 2.00 3.00 4.00
AT rapeseed oil 1.00 2.00 3.00 4.00
GIEAE  lecithin 2.00 2.00 2.00 2.00 2.00
i NaCl 0.20 0.20 0.20 0.20 0.20

W LA RTURENET SRR VL 62500 U, Vs 15000 U, Vi 1.05g, Vgs35.4mg, Vg 100 mg, Vg, 150 mg, Vg 150 mg, Vi,
0.2 mg, V¢ 700 mg, “EYE 4 mg, D-IZEHS 250 mg, MER 25 mg, MABENE 300 mg. 2.5 )5 WURE VAT s la k2 f#f: FeSO4-H,0 200
mg, CuSO,4 5H,0 96 mg, ZnSO, -H,0 360 mg, MnSO,4 H,O 120 mg, MgSO,-H,0 240 mg, KH,PO, 4.2 g, NaH,PO, 0.5 g, KI 5.4 mg,
CoCl,-6H,0 2.1 mg, Na,SeO; 3 mg

Notes: 1. the vitamin premix provided the following per kg of diets: V, 62 500 IU, Vp; 150001IU, Vi 1.05g, Vg3354mg, Vg, 100 mg, Vg, 150
mg, Vge 150 mg, Vg, 0.2 mg, V700 mg, biotin 4 mg, D-calcium pantothenate 250 mg, folic acid 25 mg, nicotinamide 300 mg. 2. the mineral
premix provided the following per kg of diets: FeSO4 H,0 200 mg, CuSO,4 5H,0 96 mg, ZnSO4 H,0 360 mg, MnSO4 H,0 120 mg, MgSO,-H,0
240 mg, KH,PO,4.2 g, NaH,PO,0.5g, KI54mg, CoCl,-6H,0 2.1 mg, Na,SeO; 3 mg

232 mLIEH & LE T, T-40 °CIRAFH T 2E Hi P13 (meat yeild, MY) = 100% x W /W
OIMT . W SRR T B R — AT IR Sk M, g & 1] 2 3R (total edible yeild, TEY) =GSI +
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LM B U R MR PERRAE BRI IR sOoR v g TR, W AR TR T, W, 4K
FERC. R AR, AR L P T A, kb T R

A % (survival rate, SR) = 100% x N,/N,
; 1.4 #HSFFZFERKHERNE
B T % (weight gain rate, WGR,) = 100%x ¥ am ) 2 A1 AR A S 4R AR
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Tab. 2 Proximate nutritional composition and fatty acid profile of five experimental diets %

BH

items Diet 1 Diet 2 Diet 3 Diet 4 Diet5
EHMEFRMS (FE) proximate nutritional composition (dry diet)
7K4>  moisture 11.81 11.45 11.85 12.34 11.18
FIE M crude protein 39.55 39.22 39.38 39.59 39.55
FIEI  crude lipid 13.84 14.75 14.18 13.23 14.03
K4y ash 9.21 9.15 9.14 9.24 9.40
PERRRERLARK (2 BEAAER) fatty acids profile (total fatty acids)
C14:0 4.08 3.63 2.69 1.85 0.92
C15:0 0.59 0.54 0.40 0.25 0.12
C16:0 20.73 19.39 17.09 15.02 12.61
C17:0 0.54 0.49 0.39 0.27 0.15
C18:0 4.52 4.43 4.20 3.89 3.69
C20:0 0.51 0.53 0.46 0.39 0.48
> SFA 31.49 29.51 25.47 22.17 18.07
Clé:1 4.14 3.89 2.96 1.96 1.04
C18:1n9 15.22 18.77 24.32 28.85 31.91
C18:1n7 3.17 3.38 3.16 3.12 3.13
C20:1 0.90 0.92 0.85 0.75 0.68
>MUFA 24.21 27.72 31.96 34.24 37.22
C18:2n6 18.67 18.51 23.83 28.79 33.06
C20:2n6 1.26 1.20 0.87 0.61 0.37
C22:2n6 0.38 0.35 0.26 0.18 0.09
C18:3n3 2.42 2.68 3.44 4.20 5.22
C20:4n6 0.80 0.75 0.52 0.33 0.19
C20:5n3 6.26 5.80 4.25 2.90 1.56
C22:6n3 9.92 9.39 6.62 4.37 2.15
>PUFA 39.76 38.68 39.79 41.56 42.78
n-3PUFA 18.66 17.87 14.32 11.47 8.96
n-6PUFA 21.11 20.81 25.48 30.09 33.81
>HUFA 17.03 15.94 11.39 7.60 3.87
n-3/n-6 0.88 0.86 0.56 0.38 0.27

e JEWTERE A RN T 3% R P ARSI TSFA. SEAENTER; YMUFA. B8 AAMAENIRL: YPUFA. ML AEMENER: YHUFA. &

FEAEMRTTE, ~R

Notes: the fatty acids with less than 0.3% were not presented in the table; ) SFA. total saturated fatty acids; > MUFA. total mono-unsaturated fatty acid;
> PUFA. total poly-unsaturated fatty acid; ) HUFA. total highly-unsaturated fatty acid, the same below
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2R

2 4

21 REEYHBREBXNZER FEIERE
BIE. ERKFERMRER R

P T T A 1Y 3 R e e T
RACEW T m MR, BEAY LR EEES
(3)o BRI T, 25418 2K (K
A E R T W 2E R, 20N 162.30~
165.69 gfl17.12%~7.77%. TE B NEHEREFE bR, 4%
ZH Wi Y GSI. HSI. MY FITEY V- 1{E 00 i 3
PEZES, 430 N3.52%~4.05% . 5.43%~5.97%.
24.33%~27.47%H133.29%~36.82%.

22 RAEVHEBRSRMI=ZFKK FEHK
BE B X 81 F8 ¥R B9 52 M
Diet 3. Diet 4f1Diet 52H M 2 iT Je g P 19

R3 RAEVMBEKEHN ZRR FREAREIE. EKMERMENTIT

Tab.3 Effects of fish oil replacement by blending vegetable oils on survival, growth and fattening performance of

adult female P. trituberculatus

R bR

indices Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
FIEZ /% SR 86. 67+3.33 83.33+3.33 83.33+3.33 80.00+5.77 76.67+3.33
WL i /g IBW 151.88+15.42 154.22+13.23 153.85+16.09 154.13+12.88 151.68+14.56
LR /g FBW 162.51+12.42 165.02+11.23 165.69+11.34 164.92+10.48 162.30+11.27
A 3R /% WGR 7.22+0.48 7.13+0.36 7.77+0.43 7.1240.33 7.20+0.25
PERRAEHU/% GSI 3.52+0.75 3.80+0.50 4.05+0.68 3.91+0.99 3.53+0.89
JHF Fik i i £/ % HSI 5.83+0.89 5.97+0.56 5.730.87 5.54+0.73 5.43+0.98
HAR/% MY 27.4742.65 26.78+2.70 26.24+3.25 24.96+2.82 24.33+2.49
MO E/% TEY 36.82+1.93 36.55+1.82 36.02+2.58 34.41+1.72 33.29+1.58
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TG #1413 % T Diet 1F1Diet 240 (P<0.05), i
25 4T IR H B TC B ATHL G PR ¥ G e & vk 22
5(P>0.05)(F4). Diet] 41 i 88 I i b 1 MDHI
P 5 2 55 T Diet 54H(P<0.05), H S5 HA3H LR
A2 (P>0.05), Ml I 9 i v A LPS T 4 B 17
RE I AR K T By 4 m BT, T LPLE M AE

Diet 22 f% &5, Diet 52H A% (P<0.05).

A 2H WS IS TP I TGRITC S B 1A E B &
PYE2e 5, HHPTGH B A1EDiet 34 i, MTCH &
1 Diet 42H 7 155 (P<0.05)(F5). 4% 2H M2 1fi 35 v 1Y
CE. FC. LDL-CHIHDL-C¥ L M= %
(P>0.05),

®4 RAENEE N &M =R T 5B B AT R AR B B SR AR B R

Tab. 4 Effects of dietary fish oil replacement by blending vegetable oils on lipid metabolism indices in the hepatopancreas of

adult female P. trituberculatus

Ei=n . . . ) .
L. Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
indices
Hith =/(mmol/g dry tissue) TG 0.73+0.04° 0.78+0.06" 1.08+0.07° 1.100.05 1.10£0.10°
I [E B%/(umol/g dry tissue) TC 3.56+0.03 3.530.03 3.52+0.07 3.40+0.05 3.49+0.07
3 BRI AU8/(U/mg protein)  MDH 7.23+0.30° 6.35+0.43" 6.40£0.40" 6.71+0.38" 6.04+0.27"
g WiliE/(U/g protein) LPS 2.59+0.23° 2.66+0.22" 2.79+0.22% 3.20+0.23" 3.34+0.22°
52 G RY/(U/mg protein) LPL 1.27£0.14% 1.51+£0.24° 1.28+0.25% 1.15+0.08"™ 0.79+0.08°
JFHEEE/(U/mg protein) HL 1.44+0.10 1.71£0.26 1.2440.14 1.46+0.17 1.1940.13

s FATEIE B EAR R F R R 2 R 8 3 (P<0.05), T IF]

Notes: the superscript in the same column means significant difference (P<0.05), the same below

R5 RAEYIRME K &M =R T8 AR AR I E AR RO AR R0

Tab.5 Effects of dietary fish oil replacement by blending vegetable oils on lipid metabolism indices in the serum of

adult female P. trituberculatus

£z

L. Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

indices
Hih =Rs/(mmol/L) TG 0.48+0.02° 0.52+0.01° 0.54+0.02° 0.51+0.02 0.50+0.03°
S JE R/ (mmol/L)  TC 0.6620.04° 0.70+0.05° 0.71£0.05° 0.72+0.04° 0.68+0.05®
JIH [ B RS/ (mmol/L)  CE 0.45+0.04 0.45+0.05 0.45+0.06 0.45+0.03 0.46+0.04
I 28 AR [E §E/(umol/dL) - FC 2.50+0.10 2.53+0.14 2.56+0.17 2.54+0.14 2.57+0.09
%% B2 He 5 1 B [E B2 /(mmol/L) - LDL-C 0.23+0.04 0.23+0.02 0.23+0.01 0.240.02 0.220.02
1% 2 P I A (A IR [E B/ (mmol/L)  HDL-C 0.25£0.01 0.26£0.01 0.27+0.02 0.26+0.01 0.25+0.02

23 REAEEYHEBEREBMN=ZFKEBRFEMS
L BE S A0S & M BEFR AR AV S

5 4B B P T-SOD . T-AOC,
MDA % & fly-G T M 45 70 i 35 P 22 5 (P>0.05),
1 POD{E 14 7 Diet 14045 % , Diet 241 5% (£6).
Diet 2. 3. 4FNSZHJH AR o (9 ALPTE P 34 o 2 0
FDiet 141, i ACP{i £ 7 Diet 44 iz (=5, Diet 241
A%

Diet 2. Diet 3. Diet 4MIDiet 541 Hf %
I3 T R T-SODE M 4 & 2 % T Diet 141, 1M
POD{f 4 #F Diet 120 f =, Diet SHFAN(ET). %
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20 1 175 TP A T-AOC . MDA He S =3 6 i
T2 (P>0.05) MERE I IF Hh A9 ALPYE 14 i 1]
PR E = AW S U E Y S T o (TP 2T E
fEDiet 240 iz (75, Diet 32 F I,
24 REEYHRBREBENZFHE FEEMR
EMNEFEARRZ

JHF B B v 1 7K 3 FIORL R 1 7 R 2 G S
255 (P>0.05), 1AL AR W 7 B 7E Diet S % i,
Diet 24 MK, Sk 7K L5 W 7EDiet 420 fie i
Diet 14 F Ml (£8) . A UIHE P KAy . HLIR W
FE R K AL A P i 34 T 2 1 25 5 (P>0.05),
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Tab. 6 Effects of dietary fish oil replacement by blending vegetable oils on antioxidant capacity and

A BRI b3 A AR AL 2R 52 i 511
N %72 1 BRI R

immune performance indices in the hepatopancreas of adult female P. trituberculatus

irfitis Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
S ALY BALES/(U/mg protein)  T-SOD 4.23+0.14 3.78+0.21 4310.14 3.98+0.15 4.07+0.18
MBS J1/(U/mg protein)  T-AOC 1.08+0.15 1.0420.11 1.05+0.06 0.96+0.07 0.99+0.07
it SH ALY E/(U/mg protein)  POD 2.27+0.12° 1.710.08" 1.87+0.10® 2.07+0.17" 2.18+0.08™
4 —i%/(nmol/mg protein) MDA 3.12+0.23 2.88+0.14 3.08+0.52 2.42+0.37 2.46+0.24
Bl 1k W R Bl /(U/mg protein)  ALP 37.76+3.59° 51.08+2.2° 53.62+4.45" 58.09+3.86" 50.78+5.03"
1% 1 W% /(U/mg protein) ACP 0.64+0.09% 0.560.08° 0.75+0.16° 0.76+0.05° 0.70£0.09®
V- R L ik A/(U/mg protein)  y-GT 0.39+0.04 0.43+0.02 0.43+0.04 0.4520.04 0.47+0.04
x7 REEYHBEREMNZHR FEMRENBFMEHENMREREEERNZE
Tab.7 Effects of dietary fish oil replacement by blending vegetable oils on antioxidant capacity and
immune performance indices in the serum of adult female P. trituberculatus
i:it]:\:s Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
M ALE/(U/mL)  T-SOD 33.23+0.75 43.67+0.95" 38.08+1.87" 40.46+1.81° 42.12+1.81°
MPTEILAE/(UmL)  T-AOC 16.99+0.69 16.13+0.78 16.74+0.52 17.11£0.66 16.08+0.73
A EE/(U/mL)  POD 11.90£0.26 11.88+0.46 10.44+0.45" 10.86+0.53" 10.02+0.65
N —f%/(nmol/mL) MDA 2.32+0.34 2.68+0.31 3.11£0.29 3.07+0.19 3.03+0.55
M8 H/(mg/mL) He 80.88+2.82 75.89+2.77 73.99+1.99 74.09+2.37 74.8442.07
B M BERRA/(U/100 mL)  ALP 125.33+10.85° 95.67+5.35" 93.334£5.51® 75.67+3.56™ 72.67+7.88"
B ML RZEE/(U/100 mL)  ACP 12.06+0.46° 13.39+0.40° 9.87+0.60° 11.35+0.40% 11.97+0.56"

1M AH 2R 11 & it 7EDiet 341 A fmi,  7EDiet SZ AN .
LWL R 7K 53 RO AR D & 13470 4k 22 5 (P>
0.05), TMiHLEE 17 i 7E Diet 32 &, Diet SZ4H#x
fi%; BBKILE Y & s AEDiet 34 e, Diet 441
A%
2.5 REAEEVRBERKEBENZFHE FEREMR
BE B % 28 5% B9 52 i

U B T AR AT T R (SFA)IT 7, C14:01
C15:0F £ 359 b 1 e} 10 7ok 85 A KO 14 32 s 1 R
i, MiC16:0. C17:0F0 51 F1AS Wi R (CSFA)H 5
WA T R TREAEML, TEDiet 241 Fi i, Diet
SR AR(FR9) . W H A FIAR B R (MUF AT 7
C16:1n7. C18:1n7 ) S BN FI AR Wi R (X MUFA)
R = A O O = T3 N o [ ]
C22:1n97% it 7EDiet 24 fi i, Diet 38 &Ik, ¥
ARG D7 B2 (PUFA) T 5, B 2 AN RIS 17 R
(CPUFA)ZH W TE 45 S0 41 P G e & Mk 25 = (P>

0.05), H:FEEPUFALICIS:2n6+ 2 Fifi fr il 2 1Lk
SF- 1 4 AR T, 1T C20:4n6 . C20:5n3
n-3Z2 AN FIIE TR (n-3 PUFA) . 5 BN IR R
JIi R (CHUF A) Ko n-3/n-6 L 5 ¥ 76 Diet 140 5 =,
Diet S4 Ff%; Diet 34HIC22:5n3 S E R F & T
Diet 441 (P<0.05), (H5 H K35 A #
(P>0.05); T Mg v Y C22:6n3 2 1 B fa il 2R 4 7k
TR R R MRS, T Sin-6 2 ANE IR
iR (n-6 PUFA) & 2 75 Diet 52H ¢ /5, Diet 1251 .

WL U0 LR SFATT &, C15:0f1C17:0%% & ¥ 78
Diet241 iz /7, DietSA e fik, 1M H A4 41 SFAF!
YSFA S 0o b Pk 22 7 (P>0.05)(%10). i
MUFAI 5, C17:1n7 5 & B £f il 2248 K Y 4
TR R R, T AR A AIMUFA I Y MUFA T
IR EMZ % (P>0.05), BPUFAIN & ,
C18:2n6. C18:3n3F1n-6 PUFA & i ) 7F Diet44H fix
H, fEDiet24 F ik, 1 C20:4n67 Ht Filn-3/n-61L
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8 REAEYHBEREGEHN=ZERTFEMEAENEFERNEMCEE)
Tab. 8 Effects of dietary fish oil replacement by blending vegetable oils on proximate omposition of
y P Y g veg p p
female adult P. trituberculatus (wet weight) %

i H . . . . .

. Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

1items
BTEEBR  hepatopancreas
7Ky moisture 71.345.52 69.93+6.95 65.92+5.84 68.01+6.37 70.5+3.37
FE M crude protein 15.06+0.62 15.8+0.71 15.84+0.88 14.7241.19 12.8241.27
FARWG  crude lipid 9.93+0.40° 9.57+0.44 11.56+0.41° 11.34+0.42° 11.72+0.52°
KA total carbohydrate 0.65+0.03" 0.66+0.01° 0.73+0.03° 0.74+0.01° 0.66:0.02°
GPE  ovary
7K4y  moisture 59.47+2.94 60.34+3.01 57.48+2.3 59.36+2.71 61.04+2.66
FEH  crude protein 26.53£0.21" 26.37+£0.32% 29.240.22° 27.13£0.29° 25.86+0.50°
HMEMF  crude lipid 11.24+0.66 10.13+0.44 10.98+0.32 10.46+0.77 10.00+0.47

p

BWOKILEY  total carbohydrate 0.6420.03 0.64+0.01 0.68+0.02 0.70£0.01 0.6620.02
AL muscle
JK4  moisture 82.94+2.17 83.01+1.08 82.46+1.65 84.91+1.5 84.21+1.9
FEH  crude protein 13.27+0.36 13.84+0.23% 14.29+0.33° 12.25+0.29" 12.11£0.25
MM crude lipid 1.17+0.08 1.140.07 1.19+0.08 1.07+0.06 0.93+0.17
SBKILAY)  total carbohydrate 0.90+£0.01" 0.88+0.01" 0.94+0.02° 0.85+0.01° 0.87£0.01%

B35 7E Diet 24 e 55, ¥ Diet 441 eIk ; YHUFA S
it B £ T A R KT 1 2 s T e 25 R 1K (P>0.05)

SULPA TR SFATT &, Cl4:0M1C16:05% &
R AR B 42 5 AR R IR (R 11); Diet 4F1
Diet SZAALA A AYC18:07% 2 i 3 = T HAh AL, i
YSFA® fE7EDiet 140 5, Diet 24 H M. #f
MUFAIfi 5, C16:1n7HIC18:1n75 2 Fifi 1 i X
TRF 0 4 T AR B AR, 1T C17:1n7FI Y MUFA Y
I TEDiet 141 f¢ 7, Diet 345K . HPUFAT
T, Diet 44 LA 111 C20:2n6 75 & 5 75 T Diet
3MIDiet 54 (P<0.05), 1H5H A 241 (6] 22 % A 2%
(P>0.05); WLAHHC20:5n3% f& 7E Diet 34 &
ik, Diet S41H% 7, MC22:5n3F1C22:6n3 % & 53
£ Diet 21 Diet 341 % 51 (P<0.05)

3 iR
3.1 RAHEYHBREBBN=ZHE FEMA
BRIE. £ KBNS

Zidas A BTG, RESH =R T
T AR B RS R TC I 2 R, HLRE TRDR
TR AR K B T S RGBS T R A
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{14 £ 90 R AR T BE 23 X = AR T TR Y 0
BCARTHT S A o % A ME R Y 1 B R O R, E
R, KRS F AT T AR,
X5 S S B TS — B A b X R
ZSWATREIR N . W52 s W A K AR T
FEUPT A FE e T SR A S0 8 1 O A B 5
JEMERE, AR — IR BiAe, W BsE A
K, PR 5 AT AE t IS B B ARk
DI EL IR R R UL PR S = e T A T2
B =Rl &AL, DAL R R FHGST. HSI.
MY FITEY K4 HF LR . AR FEH, R
FHR A A8 4 i 5 48 A0 3 % = P 42 1 8 M A AT
J 45 A E &K B, & 4 MEBEGST. HSI.
MYMTEY I o F k2R, X 58&%F "X
RO B IR E IR A 45 SR B AL . 2 B R
B ARBIEGE by T 08 52 56 45 5 0T 4 5 AR 7 S BR
KR T S ARDREBC 75, GRDREEORE R ok L R
W3 R0 R & A — E S HUFA, X Al REE 2] LA
i = PERR T MR X HUFAR oK, DR R
TE A5 AL 0 3 2 A o b % G B E M B O I W Y
o BeAh, Zeid4s dE MG, 45 20 M 1Y 7 1Y
GSIH #I 1R 190.83% T 155 2£3.52%~4.05%, X545t
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Tab. 9 Effects of dietary fish oil replacement by blending vegetable oils on fatty acid profiles (total fatty acids)
of hepatopancreas of female adult P. trituberculatus %
TiH . . . . .
items Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Cl14:0 3.14+0.03° 2.88+0.60° 2.41£0.09" 1.75£0.03® 1.19+0.33*
C15:0 0.73+0.11° 0.55+0.10™ 0.49+0.02° 0.37+0.04™ 0.26+0.07*
Cl16:0 12.71+2.64° 17.25£0.36° 13.76+0.65" 11.97+1.19° 10.27+0.24*
C17:0 0.53+0.04° 0.55+0.06° 0.410.02° 0.41£0.01° 0.27+0.04*
C18:0 4.46+0.27 5.22+0.68 4.72+0.35 4.98+0.33 4.22+0.27
C20:0 0.47+0.06 0.57+0.19 0.44+0.05 0.50+0.06 0.42+0.05
€22:0 0.27+0.10 0.3240 0.41+0.06 0.46+0.12 0.32+0.06
YSFA 22.50+2.72° 27.58+1.88° 22.85+0.78" 20.58+1.35% 17.100.65"
Cl16:1n7 7.52+0.88" 4.45+0.48™ 5.40£0.47" 4.80+£0.31" 3.41x1.40°
C17:1n7 0.31+0.26 0.49+0.15 0.48+0.04 0.40+0.13 0.44+0
C18:1n9 25.05+0.82 24.65+1.15 24.74+0.43 25.91+0.25 24.59+0.70
C18:1n7 5.28+0.63¢ 4.56+0.11° 4.96+0.45 1.30£0.01° 1.06+0.77*
C20:1n9 2.65+0.65 2.67+0.38 2.26+0.11 2.81+0.15 2.21+0.50
C22:1n9 0.45+0.09" 0.64+0.11° 0.23+0.01° 0.44+0.08™ 0.41+0.08"™
SMUFA 41.58£1.21° 37.63£2.21" 38.19+1.12 35.37+0.55" 32.06+2.05°
Cl18:2n6 8.27+1.99* 12.48+1.15% 12.17+1.48% 13.19+1.48% 14.31+1.39°
C18:3n3 1.2240 1.20+0.01 1.74+0.18 2.09+0.42 1.70+0.42
C20:2n6 1.29+0.22 1.36+0.01 1.25+0.09 1.62+0.16 1.47+0.18
C20:4n6 1.41£0.12° 1.06+0.17% 1.08+0.09™ 1.41£0.10° 0.68+0.19°
C20:5n3 5.25+0.66" 3.57+0.18" 3.75+0.57" 4.84+0.36" 2.54+0.83"
C22:5n3 1.47£0.19% 1.45£0.12" 1.84+0.47° 1.07£0.27° 1.30+0.34™
C22:6n3 12.07+1.78° 10.24+0.39" 8.54+0.66" 8.35+0.52° 5.70+0.75°
SPUFA 31.73+0.26 31.98+1.86 31.01+0.82 33.28+1.68 28.10+1.21
n-3PUFA 20.29+2.31° 16.68+0.54° 16.10+1.02° 16.64+0.52° 11.39+1.04°
n-6PUFA 11.44+2.06° 15.30+1.32° 14.90+1.50° 16.64+1.73° 16.71+1.38°
n-3/n-6 1.87+0.54° 1.09+0.06" 1.12+0.19™ 1.02+0.11" 0.70+0.10°
YHUFA 21.95£2.47° 18.02+0.70° 17.42£1.07° 18.31£0.52° 12.23+£1.27°
T >R FH o B 24 £ 55 TR AR FEDRE X AR 58 156 5 5 =9 S, PR HR AR Pt 2 AR A i 3 23 52 e 5
BT MR IE30~60 R RCEWGSEy SRR BCHHE B 1 AR5 dh, RAR

4.2%~5.12%) B HGET, SR AT LS4
X = JErR T B MR AT I AT S B AT AT

3.2 RAEVHE &MY KR F RIS
BE BRAX 8 Y 52
AL il R R A I R AT A K 22

o R it A AR e T ) R R AR T M A
IR AL TG &, iR R & 1Y)
R A T TGTE MR R N R R R, ]
RE 2t T 1R 5 A Ay ok B A 2 e T AR
MUFAR) &, Aiifie 28 1 T B R s 1 R
TG AR LD Y B, JIH [ i 2 FH 7 3 )
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Tab. 10 Effects of dietary fish oil replacement by blending vegetable oils on fatty acid profiles (total fatty acids)
of ovaries of female adult P. trituberculatus %

TiH . . . . .
items Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Cl14:0 1.70+0.03 1.79+0.17 1.70£0.04 1.67+0.08 1.48+0.15
C15:0 0.41%0.02° 0.4420.02° 0.37+0.02" 0.37+0.01" 0.31+0.02*
Cl16:0 14.63+0.47 14.06+0.39 14.07+0.22 13.47+0.26 13.95+0.39
C17:0 0.47+0.03" 0.52+0.03" 0.49+0.05™ 0.45+0.01" 0.39+0.01°
Cl18:0 5.37+0.40 5.87+0.69 6.22+0.14 5.83+0.28 5.99+0.22
YSFA 22.96+0.37 23.74+1.26 23.45+0.21 22.65+0.54 23.78+0.61
Cl16:1n7 5.20+0.39 4.83+0.48 4.70+0.68 4.29+0.37 4.14+0.53
C17:1n7 0.64+0.02" 0.61+0.03° 0.50+£0.05" 0.51+0.02° 0.47+0.02*
C18:1n9 18.60+0.70 18.42+0.29 18.56+0.48 19.09+0.29 19.09+0.51
Cl18:1n7 4.47+0.09 4.38+0.06 3.97+0.26 4.05+0.02 4.13+0.20
C20:1n9 0.7240.05 0.74+0.08 0.80+0.06 0.810.06 0.81+0.10
YMUFA 29.88+0.92 29.27+0.67 28.7+1.22 28.92+0.20 28.88+0.88
C18:2n6 3.78+0.59" 2.49+0.36" 6.35+1.79™ 7.93+1.33¢ 7.24+0.98™
C18:3n3 0.46+0.06" 0.32+0.03" 0.68+0.16™ 0.95+0.13° 0.74+0.13%
C20:2n6 0.67+0.13 0.56+0.08 0.67+0.11 0.72+0.08 0.91+0.10
C20:4n6 2.61£0.19° 2.72+0.19° 2.34+0.08™ 2.14£0.12° 2.20+0.13°
C20:5n3 9.95+0.53" 9.70+0.76° 8.78+0.33" 8.35+0.24° 8.8120.34"
(C22:5n3 1.42+0.22 1.59+0.21 1.60+0.10 1.50+0.07 1.29+0.08
C22:6n3 21.67+0.85 20.97+0.82 20.75+0.87 20.32+0.53 19.92+0.46
YPUFA 40.81+1.64 38.61+1.87 41.38+1.42 42.17£1.32 41.30+1.07
n-3PUFA 33.67+1.07 32.73+1.35 31.95+0.62 31.30+0.51 30.95+0.45
n-6PUFA 7.14£0.91% 5.87+0.54° 9.43+1.87" 10.87+1.27° 10.35+1.16°
n-3/n-6 4.98+0.70™ 5.66+0.34° 3.8120.74" 3.02+0.42° 3.10+0.34°
YHUFA 36.36+1.20° 35.55+1.51™ 34.35+0.66™ 33.52+0.55® 33.16+0.46"

F B R A U E AT AR T, HHEA S
A SR, EAORT DR R M JIE
BECS ARETER, TR 25%~75% ) il G
JKET I 2 PR MR W PR TCE &, X5
Hh A Gy B R B BT SR AR, B A R
H TR B A TR 1R 25 %~ 75 % 1 f i AT A =
PR 0T L T g R AR

i Ji TR A TG M R R e A AT R (NADPH) 2
S YA R R G Y R R A R,
PR B0 B3 RN R ) 45 P, T MDH
P 1% 4226 R BINADPHAY A= L5, ki 8]
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Tab. 11 Effects of dietary fish oil replacement by blending vegetable oils on fatty acid profiles (total fatty acids)

of muscle of female adult P. trituberculatus

%

TiH

items Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
C14:0 0.39+0.02° 0.32+0.04™ 0.28+0.04 0.27+0.02° 0.26+0.04°
C16:0 12.65+0.48° 11.47+0.39" 11.29+0.74* 10.08+0.92° 9.82+0.26"
C17:0 0.54+0.03 0.53+0.02 0.45+0.06 0.55+0.04 0.53+0.01
C18:0 8.87+0.46" 7.30+0.20° 7.81+0.11° 10.53+0.66 10.60+0.86"
C20:0 0.41+0.04 0.33+0.03 0.41+0.09 0.51+0.08 0.51+0.02
C22:0 0.28+0.03 0.23+0.02 0.24+0.04 0.25+0.02 0.30+0.08
>'SFA 23.34+0.18° 20.34+0.34" 20.63+0.63" 22.25+0.30™ 22.14£1.01%
C16:1n7 2.30+0.38" 1.69+0.15™ 1.56+0.28™ 1.48+0.08% 1.18+0.24°
C17:1n7 0.39+0.04° 0.31£0.02" 0.25+0.02° 0.29+0.01% 0.32+0.02%
C18:1n9 17.85+0.80 16.54+0.63 16.51+0.18 16.89+0.37 17.86+0.65
Cl18:1n7 3.67+0.10° 3.43+0.17° 3.21+0.06" 3.25+0.44% 2.61+0.11°
C20:1n9 0.36+0.03 0.39+0.04 0.40+0.03 0.25+0 0.46+0.24
C22:1n9 0.57+0.36 0.24+0.02 0.24+0.03 0.23+0.01 0.30+0.06
>MUFA 24.29+0.24" 22.60+0.84" 22.09+0.45° 22.404+0.75° 22.60+0.59*
C18:2n6 3.87+0.37 4.73+1.41 5.28+1.50 5.84+0.14 6.08+0.28
C18:3n3 0.31+0.06 0.32+0.08 0.38+0.12 0.24+0.02 0.19+0.08
C20:2n6 0.53+0.07™ 0.55+0.08"™ 0.50+0.06 0.75+0.06" 0.42+0.07°
C20:4n6 3.52+0.37 3.07+0.24 2.87+0.92 4.49+0.72 3.46+1.44
C20:5n3 19.89+0.94° 17.53+0.52° 15.78+2.13° 24.12+1.50° 24.96+1.09°
C22:5n3 1.04+0.15® 1.76+0.68" 1.32+0.60™ 0.34+0.01° 0.13+0.01°
C22:6n3 16.57+0.56° 19.98+1.14° 20.89+1.02¢ 13.63+1.24° 10.51+0.39*
>PUFA 45.91+1.02 48.15+0.99 47.17+0.47 49.5+0.82 45.99+3.13
n-3PUFA 37.92+0.57 39.70+1.91 38.46+0.87 38.31+0.46 35.95+1.47
n-6PUFA 7.99+0.46 8.45+1.40 8.71+0.53 11.19+0.76 10.04+1.81
n-3/n-6 4.78+0.22 5.15+0.91 4.46+0.38 3.46+0.26 3.83+0.69
>HUFA 41.51+0.79 42.88+2.06 41.39+1.82 42.91+0.89 39.49+2.83

B fE R S JBR AR T B9 LPSTR M, LML A 1 ik
— P WF5% . LPL 3 A ALK fif i 5 11 R0 FLBE ok
H A I R R Vi 5 R D TR AR AL AR i AT
T BB AR A R DS, A 5T H LPLI 4 b £
M AOKCF 1 T B e T B AR A, 7R
Diet 240 LPLIF P i 5, Diet SALEAK, Uil b
151] 79 e 3k 2 AR K ST 23 400 ) = e e 1 M A e
B AILPLIG M, 31X 5 W H A% B Cyprinus carpio)
PIAFFELE S AL, 43 B Ho AT fig )i A2 B P HUFA

XF JHE J AR LPL mRNAZR 3k i 42 2F 1F FH 38 T iR
(C18:1n9)FIE i R (C18:2n6), i 11 175 5 JiTF JB i
LPLA B3 M8k, X7 FL88 (Pagrus major)H 2
A P,
3.3 REEVHBREHMIT=ZHKR FEIEE
MEEENFMEE MR
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BRVLIARS B f 3 B 1k 41 205 A 3045 55 O T L
BEEER P AR ER, RARAEY
TR 25%~100% M3 5 BE e T =Pk T4
WA 1L 375 H ) T-SODTE P, 33 5 06 v A 40 5 i 4
TR 45 R EA— 3, meAh, AR A I T
H (Y PODTE P 34 7 4 fh i Al fe e, X T REJE A T
20l 4H 3 A 5 2 I HUFA S 300K i o Ak
T, LTS I P M = PODAY I 1ok
RAR I S AR 5 BILAAR 1) i 5 1

SR A 1 A e T B T 5 e 5 sl P 1Y)
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SZH(100% 2 FR L) A FEA%, X 5 DLE MBI 5T 4%
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AT T $E R TR e R Sy, A s AR
KV W) 23 Xof A g8 1o 28 77 A — e AR
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Effects of dietary fish oil replacement by blending vegetable oils on fattening
performance, physiological metabolism indices and
biochemical composition of adult female Portunus trituberculatus

WU Renfu', LONG Xiaowen "*’, HOU Wenjie *, PAN Guiping *,
DONG Zhiguo®, CHENG Yongxu "**, WU Xugan ">
(1. Centre for Research on Environmental Ecology and Fish Nutrition, Ministry of Agriculture and
Rural Affairs of the People’s Republic of China, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Centre for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
4. Shanghai Fisheries Research Institute and Shanghai Fisheries Technical Extension Station, Shanghai 200433, China;
5. Key Laboratory of Marine Biotechnology of Jiangsu Province, Huaihai Institute of Technology, Lianyungang 222005, China)

Abstract: In order to investigate the effects of dictary fish oil replacement with blending vegtable oils on the
fattening performance, physiological metabolism and biochemical composition of adult female swimming crab
(Portunus trituberculatus), five isonitrogenous and islipidic fattening diets were formulated to replace 0%, 25%,
50%, 75% and 100% of fish oil (defined as Diet 1-Diet 5) with blending vegtable oils (soybean oil : rapeseed
oil=1 : 1). The five fattening diets were fed to female P. trituberculatus (150+25) g for 45 days. The results
showed as follows: Dietary fish oil levels had no significant effects on survival rate, weight gain rate,
gonadosomatic index and hepatosomatic index, meat yield and total edible yeild of adult female P. trituberculatus.
There were significant differences in the triglyceride (TG) content, malate dehydrogenase (MDH) lipase (LPS) and
lipoprotein lipase (LPL) activities in the hepatopancreas among five diet treatments; the highest levels of TG and
LPS were detected in Diet 5, and the highest MDH was detected in Diet 1, while the highest LPL was detected in
Diet 2. The highest TG and TC were detected in Diet 3 and Diet 4, respectively. The hepatopancreatic peroxidase
(POD) activity of the crabs in Diet 1 was significantly higher than that of Diet 2 and Diet 3, while the Diet 4 had
the highest activities of hepatopancreatic alkaline phosphatase (ALP) and acid phosphatase (ACP). The highest and
lowest values of total superoxide dismutase (T-SOD) activity in the serum were detected at treatments of Diet 2
and Diet 1, respectively, while the highest serum ALP activity was detected in Diet 1. Dietary fish oil replacement
has significant effects on the contents of crude protein and total carbohydrate in muscle, and the highest levels of
crude protein and total carbohydrate in the muscle were dected in Diet 3. There were significant differences in the
contents of total lipid and total carbohydrate in the hepatopancreas among five treatments, and the higher levels of
them were detected for Diet 3 and 4 treatments; moreover, the highest ovarian crude protein content was also
detected in Diet 3 treatment. Dietary fish oil replacement had significant effects on the fatty acid profile of muscle,
ovary, and hepatopancreas; tissue n-6 polyunsaturated fatty acid (n-6 PUFA) increased with increasing dietary fish
oil replacement level, while the contents of n-3 PUFAs and highly unsaturated fatty acid (HUFA) showed a
decreasing trend. In conclusion, dietary fish oil replacement by vegetable oils had no siginificant effect on survival
rate and fattening performance of adult female P. trituberculatus, but promote the TG, crude lipid and n-6 PUFA
accumulations in the hepatopancreas as well as the POD and phosphatase; 50% fish oil replacement level could
increase the crude protein conetent of ovaries and muscle. These results indicated the dietary optimal fish oil

replacement with blending vegetable oils could be 50% for the fattening of adult female P. trituberculatus.

Key words: Portunus trituberculatus; fattening performance; fattening diet; fish oil replacement; physiological

metabolism; biochemical composition
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Fish have been a major component of our diet and it has been suggested that fish/seafood
consumption contributed to the development of the human brain, and this together with the
acquisition of bipedalism, perhaps made us what we are. In the modern context global fish
consumption is increasing. However, unlike our other staples, until a few years back the greater
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production in volume, in the number of species that are farmed, and have contributed immensely to
transforming the practices from an art to a science.
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China, and provides insights into some aquaculture practices that are little known to the rest of the
world. This book will be essential reading for aquaculturists, practitioners, researchers and students,
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