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WE: WHEARTEYENARE NS ROCLREFTEER, #HTT7 VAN A K IR,
LD B A T R, aARFE M A& AR, KR E A EHSL (0. 10, 20,
40. 60. 80 g/kg), W # oM % A% BIEAM. FMLEORE, RINELE, FNMNEAK
FFHETE N (3.68+0.02) gty Z R FHE20R, RET KA HEREF. £RKXA, 4
SLN fin & % 0~40 g/kghf, # & R (WGR). ¥ 7% £ (MR). %& &g i 8 ¥ (PER). #F & £ KX
(SGR)Fn J& 7& % (SR) . & 7+ & , T WGR. FCRI 3 1 [ 1K ; %4 47 B & SLIF fm A F 4 40~80
g/kghit, = MHR T HEHWR, MRfISGREL 2 # % ., WMFCRE Z 7%, PERE & M 1K
AR FETARTFHSLT URG ZRBRTEYEHE RS ERARARE. REFELEA
(TP). i = B (TG) M i % JZ fle & & (HDL) X % SLiK fm & 89 ® v ; % SLIK fm & Jy 0~40
glkgt, i o JEE B (CHO). # A (GLU) & & L F 7, T M & SLF g 4k 53 in
B, fiE#CHO. GLUW A E L E E MUK f; SLAMWE H0~20gkgrt, KEEEE A
(IDL)2 ER EUHA®, EMAESLAmEN G v, LDLA E R FHE K. AR FFMmF
Bl & EHSLA Z R T84 & b IR IR &4 At 8 4 (T-AOC). i — B (MDA) K /A H#
BeuE LB FM R, B LSLAnE K 0~60 ghkgtt, AF kAR & 1T & b 4 5k L 58 (SOD) 7%
MR FAT; LSLE AT H0~40 g/kgrt, BMtH KT AMHGCPX)H & E L F KL
Fro A B A R B By SLAT = AR T 4 & AL o C20:5(EPA), C22:6(DHA), n-
3PUFAFCI8 2 i B & E R L F M ® . 18 YSLIK w & H0~40 g/kght, Jf IR+
Cl82th & EM ¥ % 1%, DHATEPASG E R # L7, W AR #n-3PUFAR & E B X T
DEMER, BLUSLN 4 E H40 gkght, n-3PUFAS & B T H M4 ; MASLAIE W
sk dm, C18:28 F M F+, Wn-3PUFAM T 4% K, DHAMEPAS E B F (K. #F
REWP, ARXENBEAELE—ETENT LRSS Z AR T B RR S 008
4 &, %% Zn-3PUFA. DHAFEPA., DISGRA #5457, B M AHABFE ZFK T8
Y EAA R K E U Bk R M0 E H T E & 41.96 g/kg.

KR Z R TFEYE;, KT, FXE;, WUBRAKR; AN Y; FHEFl
% kKM

FESES: S963.31 XEkFRERS: A

Wit EZRE R, AT SA THREABRN SR APEIRY, X IR
KEBGHEERBY RZ —, WEAEYE  WNERMEETAE BN ER, 5HB 5.
ANy o BEIGIENIRR—Fl, 2 HIEULFHEamiEaE UG, vils B A R

i BHA: 2015-12-08 &R BHA: 2016-05-13
BUMTE : EX A RR 54 41476125); T 117 7 12 22008 1B (2011B81003);  HIi V144 5 1 2 5" — 4 2 B UG &
BIE1EE: B4, E-mail: zhougicun@nbu.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20151210192
mailto:zhouqicun@nbu.edu.cn

1754 Ko %R 40 %

A K M, HURR IR Y B AR B RN AR B ) RE A5 B
THEFE A BT . WENR 4> R s ) PR R AN AR )
BN, HEYBEIE R, L. 55 AR
s A AR X B, P A )z . FERT
ARy rEwERE T, BFOR SR RIE 2 A . B
AARPRSEPL R, R FRU P2, fEK
PR rh AR R H UL B B 0 0 SR RS G
JE . BENEBEALEE . BERRIE 22 2R . b Rk s
NEER, BAZMEYFUIRE, BB4 40
SEMLBENR 10 B8 AL 52 41k B 1 N HC Al 0 75 R
IR , R N T A BE ) oK & E R
FLRBN B, GRS VR SN Be R 7 B IR
PRI, A IRe s s JF B OP B s
TE Hi 2 00 0 A0 RN Dk} e A B S B D) gt
) B, BR8N 75 2K ™ 2l W v i AR 2 )
7, FEEh P AR B 8 4R i oK 7 S W 1Y A T
2, RFHAERMET, etk Y
XL BT AZ 0, WETRIE N RE T . HE i,
[ P Ah 2 35 BE X A0 MR R SRR B ) X B
fe 77 R EIEAT T REMIFS, CoutteanisPI7E FL
N5 X BR (Litopenaeus vannamei) 41K i) S 56 Hh 48
o, TEXTIR G A LE R s E R, INEEIR R E
HEEAEM; KumaraguraSE % BL, RINEREE IS 2
& 5 B XF B (Penaeus monodon)EPAFIDHA T
ity EREGEVMFR A, TEKsh Y ek s
3 B A% B R BE % B s S 1R RN S D7 R Y
o JIAMNAA MRV, RS I e B
g ] LU rh g 45 25 8 (Eriocheir sinensis) i IR 4l
RFN AR Gy A i doi 58 A= 4G, it e L B R
2 S A O SR BN (HOC T IR B AR X =
i e AR NN R S W
=R T (Portunus trituberculatus)g + /&
H (Decapoda), T F}(Portanidae), % T8
(Portunus), J 204 TR EUTHE, HA R,
AR PR RS N e TR,
ZTTRIE R IR T bR, IR EE W
M7 2 VPR ZE AR TR B A K SR A P
AMHEZEMMA ., KLOE, =R rFER
B 3k 8 v 22 R AR AE /N 4 £0 R0 DL 26 4 4R e
XA W PR AN AUE FROR AT, T H I S R
TR TEUR . V5 YK IR B L B R SR T
IR E . I, BERIE SR . 05 SR
AN T2 BE A Rk 2 B A% ™ b T 3k R Y
WEYITE AR X = PR T 4 B8 X K 5 B0 B
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s 2R BT B AR WARIE . A S 22
A5 40k rh 3R I AS TR] 5 8 K BN B AR X = PE R
TR ARKIERE . PUALBET . RSN
L U PA) AT R Ji A 017 7R 20 4 5 i), g R Ak A=
7 =R T A B DR R R A

1 MBS IE

1.1 SCIEARED S

DL A6 R G A B R, ok o BRI
B NEEAMM G E AR, WIAEE
WK G EIBEAR (0. 10, 20, 40, 60. 80 g/kg),
IC ) L 6 45 AU S iR AR RE, S50 4RI O SUE AR
WKL, TEGIVERRLZ AT, I8 EAILR & R k)
W J5 2L 80 H i, SR J5 H4e FE 3R LAY TC 77 Ak 1 4%
ORISR, RN WIBOR G Y . A RIEE
Y, SRS FRUS IR A K SN B IR IR A AT,
W IR A I 0 B R RHE RGP, IR A
K, KALIMEIS%EL, FHBUIRFT 5 AL
(HE 7 B TR A HLAR T R2 A 5 A il 3 ) 1 ol B 9 b
B R EBH(EAR3 mm, KEFSmm; HAES mm,
K BE7 mm), FEAHHRHLIIFIGIRL, B 90 °CHEAH
630 min, BUBTE AR BT H 2 & K5
TEL0%AE AT, e A FRic i 48 {247 F
20 °CE % H .
1.2 LGEE

I BH 206 R B A TR AR Ak R Rz IR K T 3R
YAy, B B SEI S H T R B .
SR B EE SRR 7 2. BERERI IR PR R
(3.68+0.02) g/ £ W By St 42, Hk360 K, Fifi
PLIFBE T 180 R EE v 2 /), 256 Fir FH )
BEDLSY 64l , RA3NEE, 20X 481N —
ANEE ., BREME K, RREE#17:00, H
P M g HAA R 19 6%~8% , {H I 58 i 4 Y 45
W 24 g R TR R 3%~5% 0 45 — K FL R0 SAE
ToANEORNE 52 A BOF B BRI . BT A i R &
JCAE K et T, 7K U P R IR A T W Rt 4
S, KIRFERTE26~30 °C, R A HKE <0.5mg/L.
7 i %6.5~7.0 mg/L . #£)¥26~28, pH 7.8~8.2,
2R —K, BRIKEA R BEN =02
—, ARSI SR R 8JE
1.3 EHah

FRIH S AR, B HORGTR 24 ho SRS
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Tab.1 Composition and nutrient levels of basal diets (air-dry basis) %

RS KT UPHE e & ®/(g/kg) dietary soy lecithin levels

ingredients 0 10 20 40 60 80
41 f48} Peru Fish meal 28.00 28.00 28.00 28.00 28.00 28.00
EERAY krill meal 5.00 5.00 5.00 5.00 5.00 5.00
T4 soybean Meal 21.00 21.00 21.00 21.00 21.00 21.00
/N B K wheat gluten meal 9.00 9.00 9.00 9.00 9.00 9.00
/NFZEH} wheat flour 20.70 20.70 20.70 20.70 20.70 20.70
faith fish oil 2.00 2.00 2.00 2.00 2.00 2.00
3 soybean oil 8.00 7.00 6.00 4.00 2.00 0.00
KEIIWEAE' soy lecithin 0.00 1.00 2.00 4.00 6.00 8.00
e ZTRAL vitamin mix 1.00 1.00 1.00 1.00 1.00 1.00
PR TR EE mineral mix 1.50 1.50 1.50 1.50 1.50 1.50
SALAEE choline chloride 0.30 0.30 0.30 0.30 0.30 0.30
R — &4 Ca(H,PO,), 2H,0 1.50 1.50 1.50 1.50 1.50 1.50
MRS sodium alginate 2.00 2.00 2.00 2.00 2.00 2.00
E RS proximate composition
H&E A crude protein 45.23 45.41 45.15 45.26 45.38 4522
KRBT crude lipid 13.51 13.53 13.35 13.47 13.42 13.52
FH dry matter 90.32 91.14 90.17 90.38 90.43 91.07

A DREOBEHIE: WET TR R ARAT, WEAEYN63.3%.

DY R TRIR BN g/kg TR ED: 4B EA, 500 000 TU, 442D 3500 000 IU, 44 2KE 25 000 1U, 464 %K, 5.63, 4i4:%B, 11.25, 44EEKB,
5, YEERC95, 4iEERBg 10, 4iEKB, 0.02, MER2, EMFK0.375, WER3T.S, ZR-Ca2l, WIEES0, PLEALF0.5, T KiEkr696.775.
TR RN g/ kg TIRED: AFIERRE4.57, LKIRIREE.43, BRFRER(99%)4.14, TiI/KETRERET(99%)6.61, L/KHRAR(99%)238.97, TR &
#233.2, WEER EE4137.03, FLERE5(98%)34.09, 757K Z5ALEI(99%)1.36

Notes: 1. Liquid soy lecithin: acetone insoluble >55%, supplied by Ningbo Tech-Bank Corp, Ningbo, China.

2. The vitamin premix supplied the diet with the following (g/kg premix): retinyl acetate, 2 500 000 IU; cholecalciferol, 500 000 IU; all-rac-a-tocopherol,
25 000 IU; menadione, 5.63; thiamine, 11.25; riboflavin, 9.5; ascorbic acid, 95; pyridoxine hydrochloride, 10; cyanocobalamin, 0.02; folic acid, 2; biotin,
0.375; nicotinic acid, 37.5; D-Ca pantothenate, 21.5; inositol, 80; antioxidant, 0.5; corn starch, 696.775.

3. The mineral mixture supplied the diet with the following (g kg — 1 premix): FeC4Hs0,, 4.57; ZnSO,4-7H,0, 9.43; MnSO4-H,0 (99%), 4.14;
CuS0,-5H,0 (99%), 6.61; MgSO,4-7H,0 (99%), 238.97; KH,PO,, 233.2; NaH,PO,, 137.03; C4H,(CaOg4 SH,0 (98%), 34.09; CoCl, 6H,0(99%), 1.36

TH AR A R T AR, SRR
TR WAE R SRS A2 AL 3 S B s
oty B 000V AR S IBCATL PR R B, S R Y
M AALS mLES LA, SR FHES . ALEL3000
r/min 0> 10 min, B EIEWR, BA-80 °CHLIR
URAR T, T A AR bR R TR 0 s B
1 (14 JIL PR RN JB A il A —8.0 © CAE AR T vk A4 Hh
T-Re Wi B2 1 437 o

A KR BAAHA R $8 4T

34§ % (weight gain ratio, %, WGR, %)=100x
(LA 0T ] I AR I3 4 /90 s 1S I

7 B A2 K R (specific growth ratio, SGR, %/d)
SGR (%/d)=100x[(InZ A A4 Jifi & —In 4] Ui 4 Ji &)/
S5 A 9

1) B} 5% Ak 5 2R (feed conversion ratio, FCR, %)=
TEBHE A (g, TH)/4ERIEE (g, WE);

15 5% 2% (molting ratio, MR, %)=100x2x1i{ 72 X
B/ iy B 0% T 0+ 45 R s J A 200 5

B %R (survival ratio, SR, %)=100xJT & i} 152
Vi N UNA T N 73 R U N

5 1 Jl R % (protein efficiency ratio, PER, %)=
100 (2R A4 5t Ft— ) 4 4R o2 8 )/ (B A T o /)
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& ARRHE S )

Ao A AR AT I3 7 &2 1 (total protein,
TP). & AH[E EE (cholesterol, CHOL) . H il = Hig
(triglyceride, TG). % %] B (glucose, GLU) % &t FIIE
2% i B 25 1 (low-density lipoprotein, LDL), = % |
fi5 £ H (high-density lipoprotein, HDL)i% £ T K
2700 = e A

WRKFAATASBMNARHT R (lysozyme,
LSZ)i 1 F Hultmark 5 " M0tk i 5 ki 47 . 7RI
BHUE R, W

U(mL)=(A~A)/A (Ay R I 22 R B 2 1 W
MCRE, AN RN Z 5 TR A T WO BE)

23 e H Ik A AL YR (GPX) . SODIE PE AT
T (MDA) Y iR gt g A TR AR A 5 BT L
) AT 5E

e el TR TR 3 A i WL IR FEE
JBE AR B A 2 e R TR AR - B
W21, vivyr s DA OIS 7 . A8 17 R B HY 1
k¥ (FAME) i F S A — BT % 1 (GCMS-QP2010
Plus:SHIMADZU Japan)#E 174347, LAE A& H (30
mx0.25 mm; spb-50 SUPEL CO, American)}% 2
FFHE, (150 °C:3.5 min; 150~200 °C:20 °C/min;
200 °C:5 min; 200~280 °C, 5 °C/min; 200 °C:20 min)
AT, B NAR(RE: 73 kPa; Ji ik
44.1 mL/min), FEAFE I FIAS I 45 5L 250 °C.

gt ot SRAISPSS 16.0%F i 45 £icdis 47
PP % J7 % (One-Way ANOVA, LSDY/HHT, #4%

e

AR P RERSESEN R TENBE KR

Ab R 2 6] 2 5 5. 3% (P<0.05), T #EFT Tukey K £
L, BT E AR H meantSEFR IR .

2 4R

21 HEKMeESHERMNFA

T gk SLXT = PR T B 4 BE WGR . SGR.
FCR. PERVI K MRA I 3 M5 0 (P<0.05)(#£2),
SL M L0~40 g/kgft, WGR. SGRHAIMREEZ
SLES I & (1 35 Jni &2 2 T+ & , M FCRBEE SLIR
Jon i B BE T B A 24 48R SLAKSF- L40~80
g/kgft, = PR T8 I WGRFMRIG & 3 1 45 1k
(P>0.05), 1M FCRAN R 3 Tt (P<0.05), 41wkl
SLI 7S & ML 0~40 g/kgit, SGRFIPER . E T &
(P<0.05), TiYSLESHnEkLeygmes, SGRIG
F k22 5 (P>0.05), PERW.ZWAK(P<0.05). LIF:
JERACE SR S5 RS Y =k T B OIS A L= B W
=0.006 2x+4.464 0 (R*=0.814 9, x<40)F1y=—0.003
0x+4.820 O(R*= 1.000 0, x>40), =¥tk T 841
Xif SLpe i 5 2K 18 h141.96 kg (1),

2.2 IMikiEHR

SLXF =R FE M E TP, TG, HLD S &%
A MR (P>0.05), XTI CHO . GLUAI
LDL % & 520 3 35 (P<0.05), 4 SLE & M 0~40
g/kght, CHORY& & 3 T (P<0.05), T4
SLR & 4k 238 in it , CHORY & 2 0 i & 1k 2%
5 (P>0.05). 4 SLI finE 4 0~20 g/kghf, LDLEY
i BT E (P<0.05), T 24 SLES & 20~80

sEA)

Tab.2 Effects of dietary soy lecithin levels on growth of swimming crab P. trituberculatus

KGN & F/(g/kg) dietary soy lecithin levels

TiH

items 0 10 20 40 60 80
YGRS /g IBW 3.70+0.07 3.70+0.10 3.67+0.11 3.69+0.11 3.66+0.15 3.68+0.08
ZARAET /g FBW  38.39+2.64° 42.31+2.78% 41.93+2.59® 44.48+1.66° 43.42+3.76" 42.43+2.64"
M ER/% WGR 937.62+89.16" 1045.0£98.44™ 1041.8+38.10™ 1105.5£73.76° 1085.4+£66.88™ 1054.1495.24®
jﬁt’:‘&;}g/ (o/d) 4.410.16" 4.59+0.15™ 4.60+0.06™ 4.69+0.11° 4.67+0.10" 4.61+0.15%
1AL % % FCR 1.78+0.25 1.61£0.16™ 1.59+£0.35® 1.28+0.12° 1.84+0.27° 1.79+0.18"
FEERHE/% PER  1.26+0.18" 1.38+0.15® 1.45£0.37* 1.74+0.17° 1.2240.17° 1.25+0.14°
855 22/% MR 2.76+0.39" 2.82+0.05" 3.04+0.13" 3.29+0.17° 3.30+0.28" 3.37+0.06

e [F— A e T R R AR AT A R ROR ZE R AN B (P>0.05), ANFEVNG FRERIRZE 5 B3 (P<0.05), FE[H

Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while with different small letter

superscripts mean significant difference (P<0.05). The same below

http://www.scxuebao.cn
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. 4.80
2 ﬁ:;g I yfokoz(i%?ff«;%f y=-0.003x+4.85
7o 465 R ke
B
05 4.60 t
T 455
T 450 |
W 445°¢ Xop=41:96
2 440¢
4.35 - : : : )
0 20 40 60 80 100
KT YNGR & 2/(g/kg)
dietary soy lecithin level
B 1 AR XEIN#ES E5SGREIVI S

Fig. 1 Relationship between the SGR and the dietary
soy lecithin levels based on two slope broken-line

regression analysis

%3

g/kgif, LDLMY & i i % ML B IR (P<0.05). 4
SL#S 24 0~40 g/kghhf, 1L 1 GLURY % £ i 3
ThiE5 (P<0.05), Fifi 5 SLU itk (9 Ak L2, 1 i
T GLUY & 50 8 3% 1 25 5 (P>0.05)(3).
23 EHRMRERE

Tk i SLXT = e AR 8 4 18 I 1 i Th LS Z T
VWA B E LRI (P>0.05), HEE—ETEFN,
SLA 2 E LSZIE 1 (K12).
24 ImEALEE

Tk} SLXT T g ik SODYE PE Fl GPX 5 = 1

AR R X SRR S B3 Z AR F B4 B IS R RIERRI I

Tab.3 Effects of dietary soy lecithin contents on serum health indicators of P. trituberculatus)

K5 URH i & 2/(g/kg) dietary soy lecithin levels

TiH

items 0 10 20 40 60 80
JEH/(g/L) total protein 39.874535  37.83x4.72  40.13%635  34.60£5.78  30.90+4.69  31.07+3.35
JIH [ &% /(mmol/L) cholesterol 0.20+0.05° 0.21£0.02° 0.43£0.05°  0.37+0.06° 0.3240.07° 0.34+0.05°
ol =#%/(mol/L) triglyceride 0.07 0.02 0.09+0.01 0.10£0.02 0.08+0.01 0.06:0.01 0.08+0.02
% BE/(mmol/L) Glucose 1.29+0.15° 1.53£0.18" 1.76+0.22° 1.88+0.24° 1.60+£0.13* 1.56+0.23"
% J% JI5 25 (1 /(mmol/L) high-density lipoprotein 0.14+0.03" 0.10£0.03° 0.19+0.01° 0.17£0.02  0.15+0.01° 0.14+0.02°
I % £ fE A (1/(mmol/L) low- density lipoprotein 0.02+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.02+0.01 0.02+0.01

A WE VR (P<0.05), 4L SLE 5260 g/kg
i, SODIE M i (F3) 4 SLUS 2 0~40 g/kg
B, GPXMY I PE 2 7t 5 (P<0.05), T 24 1R}
SLEN N2 A 40~80 g/kght, GPXHYTE M TG kA8
1.(P>0.05)(l4), 1%L SLXTMDAFI T-AOCTH

PEBA B PR (P>0.05)(IK15, [K16).
50
Lz 40
NS 20
1IN
—Z 10
0 1 1 1 1 1 )
0 10 20 40 60 80
ANF KRG IR RE 4/ (g/kg)
different amounts of soy lecithin
B2 (AR KXIONAEX =FR FEMRRS

B EEE MR
Fig. 2 The effects of dietary soy lecithin on the serum

lysozyme activity of P. trituberculatus

25 KOUNBENZ=ZFER FELEREHERSE
DA A

WS [R) SLAK) 4a] Bk X = JE 4% 1148 41 % LA
H1C20:5. C22:6. n-3PUFARICI18: 208 iR & & T
B2 7(P>0.05), {HY4SLIENE M40 g/kghf,

160 b b
st P e e
wmZ 100 g
& 80
2 &
23 20 ‘ ‘ ‘ | |

0 10 20 40 60 80
ANF R T N R 20/ (g/kg)
different amounts of soy lecithin
3 AR KT IREEE X = R F AT R AR

SODE M IR
FREA R RAZLE B E % 7 (P<0.05)
Fig. 3 The effects of dietary soy lecithin on the serum
SOD activity of P. trituberculatus

The different letters mean significant difference (P<0.05)

http://www.scxuebao.cn
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%E‘?’SO a ab ab bC glo

2€ 250 nS 8

52 200 Ee ¢

il K

A 50 5z,

>’<O 0 L L L L L ) :»-D?jué 0 . L L L L )

i <

3 0 10 20 40 60 80 E 0 10 20 40 60 80
o
=

ANIR] K SR 4 (e/kg)
different amounts of soy lecithin
4 AR KT ONEAE R = AR T B AT R AR b
GPX& BHIS M0
TR FARRALAL B ZE 7 (P<0.05)
Fig. 4 The effects of dietary soy lecithin on the serum
GPX activity of P. trituberculatus

The different letters mean significant difference (P<0.05)

— N
wn O

MDA activity
w o

S

MDA & E/(nmol/mg)

AR R 52 O HE 2H /(2/kg)
different amounts of soy lecithin
6 AR RTINS = KR FEERTRAR
MDAE 4 B9 7 i
Fig. 6 The effects of dietary soy lecithin on the serum
MDA activity of P. trituberculatus

CIB2JR TR R & fi e T HAB A LAY & i, ik SL
NI AN, n-3/n-6TG i 3 1 22 5 (P>0.05)
(#4),

= PE AR I 4 B RDRESLER i i 0~40 g/kg
Bf, C18:20% 1 i i 3 F&{I%(P<0.01), n-3PUFA
i AR B E M2 R (P>0.05), {H4SLIERM
40 g/kgft, n-3PUFARY & &t THABL ; bl
B SLF I a4k ge i, C18:2/ & it i 7
(P<0.05), n-3PUFA® M i & R (P<0.01) (%
5), YSLESIIE N 0~40 g/kght, C20:5H1C22:615
[V B8 75 1 Son-3/n-6 5k 3 Tt 55 (P<0.05), P& SLUS
T A FE— I, C20:5H1C22:6 1 & [ (P<
0.05), Tin-3/n-67 5t . 3 A (p<0.01),

3 iR

31 KEINHEXN=ZFER FEDNEE KR

R 2 B0 WA IR X = JE AR 8 A B 1 A K TR RE

http://www.scxuebao.cn

a0

ANE R LI HE 4/ (g/kg)
different amounts of soy lecithin
5 (AR KRS ONBAERT = AR B AT R AR b
BIMENE NN
Fig. 5 The effects of dietary soy lecithin on the serum
T-AOC activity of P. trituberculatus

A4 W W (P<0.05), SLES N H0~40 g/kg
i}, WGR., MR, PERFIMREE % SLI Il (14 4%
TR TR, W FCREE 2 A8 0 Y 3G 0 i
ik, VEWISLYE =it TRy B AR P REEE
FAE . Coutteau®5 A IR T 1.5%4li 1k
SL Y T} R % 42 32F L 40 U X 0 J5 399 %0 1k 1) A=
1 . Thongrod 35" tA Jy ¥8 i T B 5 i 119 1 R i
i 9t 25 5 X UF (Penaeus merguiensis)A A+, FF LA
P AR KRN R A, Ot TR B AR AR A
TRk v e 3l R 52 R R O R K 5 41.96 g/kg.
XS LISSIRI ) B 22.22 gl = HEtR T8 FlPaibul-
kichakul &1L BE 5 X5 R &Iy 0F S 0F 58 % 52 () A 5%
ZE 3 {H CoutteauZs""A Ry fa K P ER I123%
FE O i 15 R 46 R BT i O 0.3 mg Y PL 44 I Xt
BR, A5 PLGREXTHR X B AR 75 2 i 6.5%, HA
S0 25 BN [R) 1 I PR AT e S R S i B Xk
R PR AR A 6

32 KEPHENZERFENEMREL
Eiszo:0pA !

M TP & — e T s s S
FRBPIR B, 25 3 W ik o B DTBURIN R 1 L& AR
FH ¥, WIS R TP A s ™, R A R 4
J W T HLAAR ) e B K 1 s AIK o AS 256 1 BF 5
GERRW], Bl AR SLVS I 093G n, i v
TP &I EH T 2E 5, (HE S SLUSINE 420 gikg
N, I3 T TPRY & & 03 s T HAA . CHORZ
S H LM AR T B EEY R, AN S
5Lk 2 56 TR . 44 RKDLL K
SR R I FCRE, CHOS 219 5 IC AT LSz e i
U A 10 A AR IR BT AR Y TGRSR Y i e 8 52
i) 1) B 105 JIF A R B, AR SRR R, TGRUER
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Tab. 4 Fatty acid composition of juvenile P. trituberculatus breast muscle fed
the different dietary soy lecithin levels for 8 weeks (% of total fatty acids)
KT URHE e & &/(g/kg) dietary soy lecithin levels
0 10 20 40 60 80
C14:0 0.46+0.04 0.47+0.10 0.44+0.07 0.43+0.09 0.42+0.10 0.50+0.10
C16:0 15.77+0.94° 15.63+0.96" 16.16+1.11° 16.55+0.86" 17.61£0.93° 16.95+0.18%
C18:0 11.96+0.26 12.19+0.83 11.88+0.56 11.41+0.61 11.56+0.71 12.17+0.19
>SFA 28.18+0.70 28.28+1.57 28.48+1.09 28.39+0.55 29.59+0.78 29.61+0.32
C18:1n-9 17.01+1.21° 15.85+0.85" 15.20+0.70" 15.23+0.82* 14.66+0.59" 13.94+0.98"
C20:1n-9 0.40+0.06 0.37+0.06 0.41+0.05 0.40+0.06 0.38+0.05 0.40+0.04
>MUFA 17.41+£1.27° 16.21+0.80™ 15.61£0.66™ 15.63+0.77" 15.04+0.63® 14.34+1.01°
C18:3n-3 0.75+0.09° 0.76+0.03° 0.68+0.09" 0.57+0.03™ 0.55+0.10° 0.45+0.13"
C20:5n-3 15.36+1.35 15.49+1.74 16.26+0.47 15.78+1.37 15.81+0.89 16.28+0.97
C22:6n-3 15.46+1.28 16.06+1.51 15.89+0.27 16.10+0.80 16.11+0.94 16.11+0.64
>n-3PUFA 31.58+2.54 32.3143.26 32.83+0.65 32.45+1.12 32.48+0.23 32.84+0.40
C18:2n-6 21.08+1.20 21.34+0.81 21.24+0.64 22.02+1.43 21.38+0.30 21.37+0.90
C20:2n-6 2.16+0.29 2.09+0.60 2.00+0.36 1.814+0.41 1.58+0.04 1.80+0.13
C20:4n-6 0.75+0.15 0.89+0.26 0.93+0.17 0.67+0.11 0.87+0.26 0.89+0.22
>n-6PUFA 23.99+0.81 24.32+1.12 24.17+0.49 24.50+1.00 23.83+0.34 24.05+0.69
DHA/EPA 1.01+0.01 1.04+0.03 0.98+0.01 1.03+0.13 1.02+0.11 0.99+0.09
n-3/n-6PUFA 1.32+0.15 1.33+0.19 1.36+0.03 1.33+0.10 1.36+0.03 1.37+0.05

A R 2 10 AR I O R, AR SR 4
R, TGKEE kL SL 3t iy 15 i Jc & 3 1
Z 5, ML T CHOM) & & bl & SL & & (1938 Jn
TE—E YL N W3 T, 4 SLIY & 420 g/kght,
1L o CHORY & i T HAlZH , X 7T A J& SLTE
— B NPT = e MR R IR R 7 AR
W, g T CHOMY & & Fh iy, VasagamPIA
R U N B 41 1Y) Litopenaeus stylirostrist& PN i)
CHOWI I i T H A 2H , 54 525 25 R AH L .
GLUZ [ W gl b A Q) A0 4= B 2 240 i ) g R3S
DL RN A3 WAHLRE B — > BB AR bR, A SIS R,
M SLIK &/ AE0~40 g/kght, 1LV H GLURY & & 7
15, SR 5 Bl A SLS Nt A% F & i G 2 ARk
(P>0.05), ASLESE L], AR SLXF i #
TPHITGH) TG i R
33 KEPHENZER FENER A ILEE
FIFAAEE 1% e R R M

SODJE — M T AEAr (R IG Y o, B

TH B A R A B R AR o AR b P AR o R
Ji, (RS A R A A P — o T A A B AR
e A T A b 2 | % o o 016, SODIY
M RE A 1 by MR8 28 6 088 BV, 1 — A~ EE B AR Y,
ALIGEE LT, M SLUSINE A 0~60 g/keht, i
[ AR o SOD I I M B 2 T var . B IR Ak rp i o —
SE 2 1) SLAE WS $2 55 = PEAR 1 18 &) 18 T IR 1 vh 11
SODYE M. T-AOC % & i A Ak 4 Jo 4 5 I HL il
KR BUEALBE ST Ry BT, BENE S B HLAK [ 3t
ARG B0, A S 45 SRR, B % SLIY
IS LH A TR R B T-AOCTE i & k25 5, (HUESL
WAL ) SRR ) = TR IS N4l . MDAYE
AW JE B B SR TR T R A AR RO
=y, B aMEErE, T RAE AL P g R
it E AR B B Ar . RE S R] 22 Hb s e 400 G 4
Pt AR RECT s B R ARSI Z5 R KW, & SLIR
o B 19 I R TP MDA & i BB S,
T-AOCHISODABRE S 15 BR VLAY A fr 5, "I LA
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Tab.S Fatty acid composition of juvenile P. trituberculatus hepatopancreas fed
the different dietary soy lecithin levels for 8 weeks (% of total fatty acids)
K Bk e & &/(g/kg) dietary soy lecithin levels
0 10 20 40 60 80
C14:0 1.16£0.02° 1.24+0.07" 1.36+0.11° 0.73£0.15* 1.32+0.13° 1.10+0.10°
C16:0 14.82+0.43" 16.0120.50° 16.33+0.41° 15.17+1.81° 16.05+0.25° 18.00£0.62"
C18:0 6.70+0.33" 6.2240.02" 5.69+0.74° 8.90+0.36° 7.33+1.35" 6.47+0.65™
C20:0 0.53%0.5 0.52+0.03 0.57+0.05 0.67+0.19 0.59+0.06 0.70+0.10
C24:0 0.25+0.01% 0.26£0.01* 0.28+0.03" 0.23+0.14* 0.30+0.05% 0.360.02°
YSFA 23.45£0.15" 24.24+0.38" 24.21£0.36™ 25.70+1.98™ 25.58+1.12% 26.62+1.29°
Cl16:1n-7 1.17+0.04° 1.23£0.06 1.37£0.16° 0.82+0.28" 1.34+0.17° 1.150.16°
C18:1n-9 30.97+0.26 29.03+2.22 27.72+1.31 30.2543.26 29.010.67 27.8242.69
C20:1n-9 1.460.09% 1.2940.16° 1.412£0.11° 1.75+0.02° 1.50+0.31% 1.77£0.13°
C22:1n-9 0.74+0.05 0.74+0.02 0.86+0.06 0.74+0.35 0.88+0.06 1.04£0.15
C24:1n-9 0.29+0.02 0.30£0.01 0.32+0.03 0.230.08 0.29+0.01 0.31+0.04
SMUFA 34.62+0.46 32.58+2.42 31.67+1.26 33.78+3.09 33.0120.87 32.08+2.53
C18:3n-3 1.91+0.08° 1.86£0.04° 2.32+0.30° 0.95+0.50° 0.88+0.59° 1.16£0.19°
C20:5n-3 2.67+0.05° 2.33+0.07" 2.85+0.03" 3.74+0.40° 2.82+0.02" 2.78+0.42"
C22:6n-3 5.71+0.21% 5.70£0.06" 5.84+0.08" 6.39+0.30° 5.44%0.13" 5.32+0.29°
Sn-3PUFA 10.28+0.18" 9.88+0.16™ 11.0140.25° 11.07+0.89° 9.13+0.48" 9.26+0.62"
C18:2n-6 28.34+0.62" 30.1241.78° 30.29+1.58° 24.08+0.96° 28.79+0.66" 27.79+0.90°
C20:2n-6 2.95+0.19" 2.81+0.08" 2.44+0.26" 4.75+0.28° 3.13+0.40° 3.78+0.58"
C20:4n-6 0.37+0.01° 0.38+0.03" 0.39+0.02" 0.95+0.56" 0.38+0.03" 0.47+0.06"
S'n- 6PUFA 31.65+0.79® 33.30+1.88° 33.12+1.86° 29.78+0.49° 32.29+0.24° 32.03+0.70°
DHA /EPA 2.14+0.04" 2.45+0.04° 2.05+0.05" 1.78+0.38" 1.93£0.05° 1.93£0.21°
n-3/n-6 PUFA 0.33£0.01" 0.30£0.01% 0.33+0.03¢ 0.37+0.03¢ 0.28+0.02° 0.29+0.01%

AN IRZ N E 1= W o) e NS g 7B 0
TRk SLYS Il 60 g/kghit, AT AR H SODAIT-
AOCTE M o GPXUE) I AFAE T AR 1) —
o o B2 1) 0 AR o0, BRIV A DL AL
AW X HLAAR R 5 05, 98T LA 75 480 B 0 o AR S
K gk g, YSLIF N A 40 g/kght, GPXIE M
o X5 2 VT X AL B AU (Plectorhy
nchus cinctus)%)) 01 525 25 AR RL, 3 1 B 4R R}
TR I SL AT DL 5 = JC AR + 18 41 8 1) B S Ak B
ARG IHLEE

LSZJ2& — F K fitk B 11 v okt 22 05 00 T 1 1t
A, J2 7 W 240 MR T B B Al L g 8 TR L
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BB DI ReR . ARSI R BT, AR SLXT =
PEAR F 18 40 1 BT AR P LSZ B AT i ks i, (H
& Y 4R SLES N £ M 40 g/kght, LSZiE 1 i
Ko XA SLAE — % 1 Bl v] LS 3 = iR 1
T L) ) AR e S M S E I BILE
3.4 KT UPHEAE X = E48 T B2 AN PO A0 BT Bk AR
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DHAFIEPA), DHATFIEPATE N i & ARG &
[ERUR P S N e D Ol = R 3 =R K
Btk B R T I E SRS, RES AR HE R AR IE
WO, BREIEE R, AN, BEEIRIAfE
P T NG R A AR, s/ Tk v O A A
BRI AR I, A SCIG 25 BRI, ARDRk R B in
AN [R] B A B SLXT = e AR 1 18 4y & 1) AL PR B 07 12
U JBE R R 07 R 0 2H s e A 25 Sk, X S
Izquierdo 5" 5 45 R AH A . LN DHA. EPA
T bEA SLIY RN B F k2 5, WA
DHA . EPAY & & Fifi %5 SLIW U & i A 3%
PE2E 5. YSLE M 40 g/kght, JH BB
DHA . EPAM & it e o P SLUS it () ik — 20
B, LA RAICIS: 2T B E M2 S, AT R
W C18: 211 P & 7E B G S N5 4 40 g/kgfy A
FHEARTHALS A, AFHAR T i9n-3 PUFA S 1E
RGN h 40 g/kghf i A A 2, 3 15d B 4R
HBE A N SLBE % B AR R AR h A C18:21 & it
2 5 PR P 1n-3 PUFA S &, 8 (R B 45140 17
i (Ctenopharyngodon idella)IWF5E & 8L, ¥ i
JI 1) ) Ak 2H B A% 418 vy B £ U o T S R (C 18:2)
ORI S G L AT O N i N DN P W W B 0
MIFPANTE], =R 8 T LR R i C18:2
KL An-3HUFA, X5 T X ETH 5T 45 3R
—E, ARFLEEEIRFRY], R A I SLAT 42 &
SRR T L) T AR H I DHA . EPAFIIn-3HUFA
)5
4 gk

TR H s s A SL AT LAUR i = R T
AR TERE . RIEITLRBIAL, =R TR 4
X SLE H 5 B4 41.96 g/kg, HULFME, Tkt
IS B A SLAE W 2 48 5 I T GPXE PR, XS
LSZi& . Hria b fE S il iE MDA & JC i 3%
PESZ M, HJEAE—E W H N, SLAl4& & LSZi&
PE o GRDRE AR I ST LA HR i R K TG . 3
PR, (H Y SLES & 20~40 g/kght, AEMSHE
PR T DHA . EPARY &, 55 AMARRE R s
SLA] DA REAR = P08 7 B AR b C18:219 % & 2
in-3HUFARY & 2, Ul WIS In SLEg A mT LA R AIG 4]
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Dietary soy lecithin requirement of the juvenile swimming
crab (Portunus trituberculatus)

HOU Yingmei, YUAN Ye, LU You, MA Hongna, SUN Peng,
LIANG Xiongpei, HUO Yawen, ZHOU Qicun”
(Laboratory of Fish Nutrition, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: An 8-week feeding trial was conducted to determine the optimal dietary soy lecithin requirement for
juvenile swimming crabs (Portunus trituberculatus) reared in cement pools. Six iso-energetic and iso-lipidic
experimental diets were formulated to contain graded levels of soy lecithin, which were supplemented with 0, 10
g/kg, 20 g/kg, 40 g/kg, 60 g/kg, 80 g/kg of soy lecithin respectively. The results indicated that when the dietary soy
lecithin was from o to 40 g/kg, WR, MR, PER, SGR and MR were increased significantly, but FCR decreased
significantly (P<0.05). The results indicated that optimal soy lecithin in the diet can improve growth performance
and feed utilization for juvenile swimming crab. TP, TG and HDL concentration in serum was not affected by the
dietary soy lecithin levels, but the contents of CHO and GLU were increased significantly with the soy lecithin
increasing from 0 to 40 g/kg, but were not affected by the dietary soy lecithin increasing (P<0.05). The T-Aoc,
MDA and LSZ activity in hepatopancreas were not affected by the dietary soy lecithin levels (P>0.05). When the
dietary soy lecithin was 60 g/kg, the SOD activity in hepatopancreas was significantly higher than other diets
(P<0.05). The content of GPX in hepatopancreas was increased significantly with the soy lecithin increasing from
0 to 40 g/kg, but was not significantly affected by the dietary soy lecithin increasing from 40 g/kg to 80 g/kg
(P<0.05). With the soy lecithin supplementation, we also observed that the contents of DHA, EPA, C18:2 and n-
3PUFA in muscle were not affected by the dietary soy lecithin (P>0.05), but DHA and EPA in hepatopancreas
were significantly increased with the soy lecithin increasing from 0 to 40 g/kg (P<0.05), however they were not
significantly affected by the soy lecithin increasing from 40 g/kg to 80 g/kg (P>0.05). With the soy lecithin
increacing from 0 to 40 g/kg, the contents of C18:2 in hepatopancreas were very significantly decreased (P<0.01),
but the contents of n-3PUFA in hepatopancreas were not significantly affected (P>0.05), while with the soy
lecithin increasing from 40 g/kg to 80 g/kg, the contents of C18:2 in hepatopancreas were significantly increased
(P<0.05), but the contents of n-3PUFA in hepatopancreas were very significantly decreased (P<0.01). The results
showed that the soy lecithin in diet improved the content of n-3PUFA, DHA and EPA in hepatopancreas. Based on
two slope broken-line model based on specific growth rate against dietary soy lecithin levels, the optimal dietary
soy lecithin requirement was estimated at 41.96 g/kg for juvenile swimming crab.

Key words: Portunus trituberculatus; soy lecithin; requirement; fatty acid composition; anti-oxidant ability; non-
specific immune; growth performance
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