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Effects of dietary lipid levels on growth performance, body
composition and digestive enzyme activities of juvenile peanut worm,

Sipunculus nudus Linnaeus
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ABSTRACT Sipunculus nudus juveniles at average body weight of (15.50=+0.04) mg were fed diets at
seven lipid levels (0.36% ., 3.32%., 6.48%., 9.31%., 12.16%, 15.14%, and 18.36%) respectively for 8

weeks to investigate the effects of dietary lipid levels on their growth performance, body composition and di-
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gestive enzyme activities. It was found that lipid levels significantly affected growth performance of juvenile
S. nudus (P<0.05). With the increased of dietary lipid levels, the weight growth ratio (WGR) and specific
growth ratio (SGR) of peanut worm were firstly increased and then decreased, and when the dietary lipid
level was 9.31%, both WGR and SGR produced the maximum value. The regression model analysis showed
the best dietary lipid level which could acquire the best WGR was 8. 70%. The results of body composition a-
nalysis showed that dietary lipid levels had significant effects on body lipid and protein content. Body lipid
content increased with increase of dietary lipid. S. nudus fed with 18. 36% lipid produced the highest body
lipid content, which was significantly higher than those fed on lower lipid levels (0.36%, 3.32%, 6.49%,
9.31% and 12.16%) (P<C0.05). There was a downward trend in body protein content with the increase of
dietary lipid, and when it reached 18. 36 %, the body protein content was significantly lower than that those
seen in treatments with lower lipid levels (P<C0.05). The dietary lipid levels had no significant effects on
moisture and ash content of the worm (P>>0.05). With the increasing doses of dietary lipid levels, the pro-
tease activity and the lipase activity were firstly increased and then decreased. Both protease activity and the
lipase activity produced the maximum value when the worms were fed with diet containing 9. 31 % lipid. But
the dietary lipid levels had no significant effects on amylase activity of S. nudus (P>>0.05). Based on com-
prehensive analysis of WGR, it is suggested that the suitable dietary lipid level for juvenile S. nudus is
8.70%.
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B 7 2 30 W A F A i T 2 0 SR BERR IR A BT AN AT LA K 7 Bl ) A R BRI R T IR L 3 AT LA B
A R W ICNIE i (Zhou et al. 2007) 24RO AT S 138 R 104 . R IRT SR A Rl 2B 4
WS AYIEE AR KE 28-S GREF 2 1978 2% A 1996), Hikl it 21
5 15 AN T A B 5 Ak v 2 A A 0 S ST LA S E B ) 4 K (Chou ez al. 19965 Wang ez al.
2005) , 6 1] LA ) 485 B VE ] (Lee ez al.  1973) PRt WF ST 4R0RE I 7 foe AL 8 i i 8 LK

Tikg B Sipunculus nudus Linnaeus JRFRIGER R HLARFR“ V> 207 S B Sh Y]~ WA SRR T 07 #6 B2 il
#W Sipunculidea. 7 #% &2 B H Sipunculiformes. J5#% &2 B Fl Sipunculidae. J7#% £ B JE Sipunculus, KB K M i
S AR R E AR AR TR SIS IR A A (ERE S 1990 Hrp DI X E AR S
(@& 1999 . H 2004 48] P VRS T B IRTE R AR R 7 i B N T & iR ME G Z )5 AR HF 2
fERE 2 2 000 T3 2507 M6 B U Al AR 1 5 A% B U N TEFRAEL B Kk e . BEE T A% B IE B HOR R IR EOR 1
P e LA S TR A FUAE A AN W O 3 I O R 5 A R HUE SR AR B PR E A Ty L BT E SRR I
A T R B HUE 3R R 7 T B SCERHRGE

BT ORI 7 % X PR AR K AR B W TE R AR R M R 2 O R B AR L A IS T R TORR D K X U7 A R
HuAfE oA PR RE AR 2 SR A IS P 2 e 4 B9 L DA O RREAL B A SR A D7 A B i N T C A R B
P it H AR AR

1 HBEFE

1.1 SLIEEM

L% 25 RN A e b B VR AR T A SR AR A (1 D O R VR L RDRE S £ 4 2k I 45 RE K Y A
FEREVR . FC AR T & o 0.3%6.6%6.9%.12%.15% K 18% 1 7 M A A AFRESC I kB (% D, gl .7 Fh
S LR g B B SEBR A R A R 0. 36%.3.32%.6.49%.9.31% ,12. 16 % . 15. 14 % F1 18. 36 %, Fr 7 JEL At
R IG 400 H 5 L 88 56 JEORHE & 350 B-5 f00l AR 58 20 1R 20 S8OR & 1R RH i T2 B Blair 4§ (2003) 444
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(07 % B BRRHR G 150 H 0 9 0k, 2548 45 11 .
1.2 {AF X

T 5 S AE ) VU I 1 YA DX VR AR 9 T Vi 2K G 5 B S 0 5 b R VA UK SR BRI R BF TR B AR WA 0 i
7. IERFRFEIT 2010 4E 9 A 15 BIFLE, i 56 d, S2ie IO HE dL Sk 98 T ) P i PE RS2 e A B 00 & 1%
A 1] — 4 52K I AL 0 T Rl RS S 15, 5020, 04 mg/ % . B IR 600 45 B BUEVE h — A 52 g 5
JG. FRIAZAR N 65 cm X 55 em X 45 em (R KR , K R R Al — )2 (20 3~4 cm) A4 VD DAL S 560 FE & R
MR . BK 0900 Fl 17 : 00 #7K 1/3, 4K J5 #& M, >R AN o & 8 W, RIS Z W Rl A D e FH . & 7d B
ARSI KA 1K, I K 42 % A0 KL TTVE » — G0 B 5 U8 i KRS T P 2 DR A uE . SEUR T R] i Ak
TR K 24~28 °CLERE 18~22, M4 K T 5. 0 mg/L,

F1 XBAEABMBEFTREFEISN

Table 1 Ingredient composition and nutrient levels of experimental diets( % dry matter)

195 7K F Lipid level (%)

I H Item

0. 36 3.32 6.49 9.3 12.16 15. 14 18. 36

Ji% & 11 Casein 42. 20 42. 20 42. 20 42. 20 42. 20 42. 20 42. 20

W Gelatin 10. 60 10. 60 10. 60 10. 60 10. 60 10. 60 10. 60

WK Dextrin 40. 25 33.75 27.00 20. 25 13.50 6.75 0. 00

24 % Cellulose 1.15 4.65 8. 40 12.15 15. 90 19. 65 23. 40

IR 4N Sodium alginate 3.00 3.00 3.00 3.00 3.00 3.00 3.00

i Soybean oil 0. 00 1.50 3. 00 4. 50 6. 00 7.50 9. 00

Ingredients 43 Fish oil 0. 00 1.50 3. 00 4.50 6. 00 7.50 9. 00
Welie — A 4% Ca(H, PO, 1.50 1.50 1.50 1.50 1.50 1.50 1.50

V2 4 4 K Vitamin premix 0. 50 0. 50 0. 50 0.50 0. 50 0. 50 0. 50

2 A WER Mineral premix 0.50 0.50 0.50 0.50 0. 50 0. 50 0. 50

4 2 C Vitamin C 0.02 0.02 0.02 0.02 0.02 0.02 0.02

ZALIAEE Choline chloride 0.25 0.25 0.25 0.25 0.25 0.25 0.25

i AL F Ethoxyquin 0.03 0.03 0.03 0.03 0.03 0.03 0.03
4t Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

¥ [ Crude protein 45. 23 45.37 45.03 45. 47 45.51 45.11 45. 39

BIAE mps i Crude lipid 0. 36 3.32 6.49 9.31 12.16 15. 14 18. 36
Nutrient levels o pch 1.32 3. 94 4.15 4.12 4.10 3.98 3.93
7K 43 Moisture 9. 42 9. 40 9.24 9.15 9.17 9.23 9.25

I’Eé}éﬁiﬁzﬁﬂ:ﬁﬁiééﬁi%é\;vp 480 000 IU, VE 20. 00 g VK 0. ZOg, V(‘ 14. 00 g Vm 0.10 g Vm 1. 40 g VH{, 1. 20 g sz 0. 20 g

ZRRES 6.521 g, MR 5. 60 g, LEWE 0. 20g, WILEE 88. 00g
CEAT W T R E ST W& FeSO, « TH,0 (19.74% Fe) 152.00 g, CuSO, » 5H,0 (25.22% Cuw) 2.40 g, ZnSO, » 7TH,O (19. 25%

Zn) 31.20 g, MnSO, « H,O (31.89% Mn) 8.20 g, NaSeO; + 5H,0 (28.54 %) 0.18 g, KI (75.73%) 0. 16g, CaCOs 805. 86 g
1.3 BHRNERHIESH
56 d FEH LI 45 )5 R L i HE B R R BRI B R KGR N 2~3 d R HOEALIE N e RS T 2
Ja XA EE 2R R T ITEGRE . TR R RS R B ER I EARKR, A AT
B T% ZR (Survival , %) =N, X 100/N, ;
W R (WGR, %) =[(W,—W,)/W,] X100;
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FE E K E (SGR, % /d) =100 X (InW, — InW,) /¢

o, Wo B W, 43 590 SR HE 2L ) i R JE AR AR TR 5 Ry S50 OB N, A N, 40 1) R AR R A A2 i) 2 8K

ST HE B AR B3 A I SE R RE 4 R R 43 4 BT R T AOAC (1995) (9 J7 vk . o, K 3 B I S R
105°C AR vt 4 5 5 fHL 2R 1A I A SR FH LG 2 0T (Keltee 8400, Sweden) s AL i ) 0 2 2R FH 2% EC Al 2
2 (Soxtec 2050, Switzerland) s JK 43 J& 76 Sy p it 550°C Kybe 12 b, B 3 B i 17 51 52 000 2 W UK, 45 HE Wi 25 K
T 296, Dl T A OB, SR AR 22 7E 2 26 LA Y PR T A 1 A ST 35 B 1 by e 5

HE S HOTH AR TR T 1 0 V1 T A% S TR R T A AR ) TR R A T R e 1 SR L R R
(140 5 R Folin- B v 5 B 105 Mt 136 4 0 3 A9 6055 P 100 900 2 SR FH i e sl A 9 T R AF 5 O 0F o 1190 3500 & . TV
FE A i DL I AR AR L P S s Wk . WS O R S 0 (U/mg prot) o,

K H SPSS 13.0 for Windows X Fr #3448 47 7 22 0 b7 . 5 22 ek 8 i 2%, Wik 4T Tukey 2 oA, W 35
ISR P<<0. 05,

2 HR

2.1 ARPEHKENAEEREREKERENZIE

56 d ) FA] % S 56 ) TR, 4% A B AE HE U TS R AE 92. 6790 ~ 95.93% 2 Al 4% Ab B4 ) 2 F ORI
(P=0.05) (£ 2), R R NG 5 7K B 32 5 b AL sEUHE s 36 o 52 e 1 5 B ks 34, IR I /K OF 9. 31 %
HikF s, BB E S T 0. 36 %0F 18. 36 W4 (P<C0. 05) . J7 k& J2 HUHE d (0 455 i Ak K 3R bl 2 1) ) v g 5 /K 7
() 38 it A — A~ Je 3G 5 B R L R D 7K 9. 31 00 43k B fe e - HL R 35 & T s MR W /K - 41 (18. 36 %0 41) (P<<
0.05),

LG Hr R W HE T2 () SRR 1 7K F (o) i R i 4L 13 7 78 o

y=—0.573 42 +9.976 5x+157. 11 (R*=0.919 1), 43T %k FIH AL, J8 Wi K F K 8. 70% .

F2 ERAEREK T A EE R R A EREA I CF I AR ERD!
Table 2 Effects of dietary lipid level on growth performance of S. nudus (Mean+S. E.)!

HE Wi 7K Lipid level (%)

I H Item
0. 36 3.32 6.49 9.3 12.16 15. 14 18. 36
N )
REEE 15.39+0. 11 15.55+0. 20 15.4940.05 15.57+0.19 15.56+0. 02 15.47+0.09 15.50+£0. 05
IBW (mg)
2Rk - u be - be s be e - -
40.59 £1.68* 44,0640, 68 44,58 +1,.22b 47,63 +1.03° 45.53+0.87> 43.88+1.80% 37.58 £1.45*
FBW (mg)
R | - aal ! c I : ! :
. ) 163.69 +£11.21%0 183,354, 13%h¢ 187.85£7. 96" 206.2549.35¢ 192.6945. 72" 183.60+10. 16 142, 42+8.63°
WGR (%)
A 2 - 2. %
41,/_\'55':0{(/? 1.94 =+0.08® 2.08+0.03" 2.11+0. 06" 2.24+0.07" 2.15-+£0. 04" 2.08+0.07" 1.7740. 07
SGR (% /d)
B R

X 9 93.1740.63 93.33+0.68 94.6740.75 95.93+1.58 94,404+ 0.35 95.9340.47 92.67+1.99
Survival (%)

TR G B 3 AT AR DR AT EOE B AR AN 2 ] SRR AR 22 5 ( P<C0. 05)

Note: Values are means of three replicates. Means in each column with different superscripts are significantly different (P<Z0.05)
2.2 AR HRRERAK X AR B B B AR T

S R B A I A R L3 3. BRI A i BE A DRI U KOS 1 A R TR R R A, 18, 36 Vo AL
AR o B T A& A, B T 0.36%.3.32%.6.49%.9. 31 % Fll 12. 16 % 41 (P<C0.05)
TR & B b DRI 7 KT 04 b G BRI 4 a4, 18. 36 Yo 4 B AR 3 11 & B Ik, S 66. 61% 0. 16 % ik
T HA A S, H B 8T 0.36%.3.32%.6.49%.9. 31 %Ml 12. 16 %4 (P<C0. 05) , falRHig i 7K F- % 7 #%
S RHE ORI 43 & A B (P>>0. 05)



5 6 1) Kk BRAE ARDRE P P K S X 5 ks B HURE S AR K P B A A R S T A T I A ) S T 103

2301
2.3 EARBEEHKENAFRERHERELET 2107
=2 \? 190
kA < 1704
O 1501
MFE 4RI B A TRDREIE D5 7K ST B 34 0, T ; 1301 y=-0.573 4x*+9.976 5x+157.11
AL AR SRR B TS T R S R L 9. 31 i 1;3: R=0.9191
2] R HURY B RS P A, LR 6. 49 %041 H 70
9 25 10 T 1 O Y L T A A B D K T 2 S S S S St S | S
(P<C0.05), JIg i i 1 4 Bt & Mg 15 7K - 1 338 i Gk 177K - Dietary lipid level (%)

AR RS B drE 9. 31 % 411k 3 i
KAl . AR IK B W7 4 (0. 36 % 1 3. 32 % 4H) I &
IR W 20 (18. 36 %6 £H) 2 sl () I M il 375 1 S 3
KT ol 4% 528 4 (P<<0. 05) , £k B8 B 7K 5 X
Ty A% B HI VE A I 1 I A R R 2 (P>0. 05)

BT Jyas L URE s i o SR 5 Dkl A g 7 K 4 1E1 U 43 A
Fig. 1 Regression analysis between WGR and dietary
lipid levels of S. nudus

x 3 ARFIEREK T HEE RS R0 O E AR kR !
Table 3 Effects of dietary lipid level on whole-body composition of S. nudus (Mean=®S. E.)!

A5 115 7K F Lipid level (%)

0. 36 3.32 6.49 9.3 12.16 15. 14 18. 36

I H Item

/K4y Moisture( %) 79.4140.39  79.33%£0.32  79.2440.12  77.62%£0.43  78.03£0.61  78.1440.53  78.67=£0.44

HMIZE 1 Crude protein( %) 68.7840.13° 68.6740.24¢ 68.67+£0.03° 68.6540.03° 67.79+0.27> 67.13+0.15 66.6140.16°

HAET  Crude lipid( %) 1.94+0.09¢ 2.2740.08® 2.33+0.08" 2.56+0.05" 2,7240.11«  2,9940.04%  3.10%£0.09¢
K4y Ash(%) 15.542£0. 24 15.99=£0. 21 16.1240. 25 16.5840.48  15.6640.44  16.14=0.51 16. 404035

TE RSB 3 D E B ARk D . FIAT R AR TR AN [ 3 22 )RR A7 A 2% 22 5 (P<<0. 05)

Note: Values are means of three replicates. Means in each column with different superscripts are significantly different (P<Z0. 05)

F 4 ERR AR K E X TS B B LB E M AR CF 1 AR R !
Table 4 Effects of dietary lipid level on digestive enzyme activities of S. nudus (Mean+S, E.)!

g Wi 7K Lipid level %)

0. 36 3.32 6.49 9.3 12.16 15. 14 18. 36

i H Item

HHEF Protease(U/mg prot)  0.654+0.02*  0.66+£0.01*  0.8140.02¢  0.8240.02¢ 0.77£0.01> 0.68£0.02% 0.6740.03
TEM B Amylase(U/mg prot)  2.7540. 12 2.21+0.09 2.49+0.17 2.82+0.08 2.64+0.15 2.65+0.17 2.40-0.09

g Wi Lipase(U/mg prot) 0.6240.02° 0.76=40. 03¢ 1.0440.03b 1.1240. 89" 1.06=40. 06" 1.0640. 03" 0.774+0.07¢

W RP TR B 3 AP AR D RATEURE B AR T RER R 3 22 ) 3R A 7R 35 2% 5 (P<C0. 05)

Note: Values are means of three replicates. Means in each column with different superscripts are significantly different (P<Z0.05)

3 it

3.1 AREMmKENAHRERBERERERAOZM

I 15 A1 DA sl 0 R P9 ) D BE A B KT S B R R A AR R B AR B S KR i Y IE AR R
Ao R R 20 P T R IR A B LA R L RE A A AR PR A L IR R AR K S W A K BRI TR
JIEL T S R R O & ) A A A B R e A A R A ORI E AR N Y as o (RIS IS SR 7K™ Bl ) 4 4 A D 4 2 A
o3 R I BE L RE Y SR A o ™ B G i TSR . S ARDRE P IR G A S L T AR R R
R AR BE U T LA 4R 35K 7™ S W) B0 R A7 o A 0 2 I 5 rh e B L 48 w8 TR RHIR 5 7K A7 A TR v
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JoT A R T 38, A o f0 2 A A K, DR G 07 B A T 2 A 1 BT I A B e R R S R R ORI RO (B A
2007) , SAER IR A B S, W S A2 ) A2 K (Regost et al. 2001;Du et al.  2005;Borges et al.
2009)  HEANAR N BR W5 DTAR o BRI s T JR 7K 7™ sl 0y ek v i B MU 75 S A AR BIE Y L K sl ) i 2ok 4R AR g
T, DT A LA X 2 1 J5 AR R A AR, 3 3719 24 2 11 5T ) 4 T ) I mT e s 2 10 5 0 ARk T 3 O e AR
XK AR5 G CE ST 9645 2003) A 5250 R FH 50 013 7 325 43 B ARk i J 7K 1 %o D7 A B2 A e ke 8 o 46 (1) 52
I8 7 T A% B HURE i GRDRE R 35 BRI KCOF S 8. 70 V0 L Ak e g U K ST sk s B AR B 2 RGO A B SR AR K
PEBE . T &R % (20100 FF R AFSH K F-(2. 16 %6.4.08 %.6.04 %.7.99 Y%Al 9. 88 %)%t 7 F 4R
P B ) 52 i 4 AT 9% v 28 B L GRDRE R IS D B 4. 08 V0 B, S OGP R E AR ORI L BE AR (2007) BIFAE K
W1 DR i T R 8. 21 Dol LI f R E A K R B K (3. 92 Y0/ ) ARSI B Y A5 1 S DA R GE B A —
B ABETE T Tk B RHE R B R R S B A B FERR KTy 9. 31 0 Ak B dee e, L TR
K- B A% (0. 36 20 Al dRe e 41 (18. 36 260 o 58 HLJEL DA Al B S« (1) ADRHIR 5 7K - o IR B ok 22 19 2 7 o i i FE
BN RE 1T (6] I 38 AN BE S 2 Bl W 0 i D R 0 5 S BUE KM BRREAR s (2) T BHAR 1D K P 2k i L R RE S
BT GRS A AR BT 3 AR I R R S R S A R, DT B2 R R KO . X g e AR AL
Wi 4l tt Sciaenops ocellstus (Ellis et al.  1997) W 4148 Rachycentron canadum (Chou et al. 2001) . K
SE-filh Sebastes schlegeli (Lee et al.  2002) B8 FLA —F,

3.2 fAAR B K T XY 77 % B B E R R 4H AR Y

A S 25 S W L fRDRE P IR T K SEAE 0. 36 % ~18. 36 %0 31 1B 14 I 0 7K S % 5 K B o RE Hn AA 4 b K 48
MWK 53 35 58 0 1 35 52 ) o A (0 07 At e RfE AR b 2 1 B BRI ity ke 8 o B Rk v i 7 5 A9 884, O A R R RE
AU G 5 7 5 T, Bromley (1980) X K22 6T  Kaushik % (1989) Xif . i 1 4 B - (2009) XiF 52 47 7 (9 B 5% v
U1 5 6K K T B 0 B 5 15K S50 OB SEAEE—BH. EB R 20100 IR TR
JI 7 K %08 S 7 A 0y A A R R T A il I P R ) ) F 5 b e B L BE G RDRE TR IR T KT G S AR ALY
T B i R R A B B e b R 7 R I AR A B N R, Al 2 A A X T
Oncorhynchus mykiss (Reinitz et al. 1980) . 41 &k 1t (Williams et al. 1988) M K V4 FEf Salmon salar
(Bjerkeng e al.  1997) Z R vt Sk 3L, ADRL v i JUy 2 i 4% Jin -5 B0 S 56 #0111 50 B X U 40 5 A BIE S
FRSL IR AT A5 R AR — B0, BAR R A T gk — 2B IRAE ST .

3.3 {ARAE B K F x4 77 4% B R B H L BE B9 SN

TH ATl 2 2 AR AL S L AT 9 A i 0 M 5, %o A 0 K TN ) % ol A~ 78 f ke e AV T T P T 0% 1 1) i 1
A DUAR AL AR X 8 37 5T ) T8 A e T LR B AR G . AR AF (2004) BIF 5T R I A 5 B 0 IR R X R
JE B A 0031 T Tl 9 A R e I R B ARk 0 £ S Ak I T P Y e LA S 2R MR R RN B 2 R . it R
W o AL RH S5 AT 5 0l T Ak i P

Barahi 25 (1986) B 98 K H #5( Morone chrysops X M. saxatilis) .Pedersen £ (1987) B 58 K 78 ¥l Clu-
pea harengus A0 ) LB & 8L (0SS IR G B A IG PE R/N S BT I B e A 6. 1 R4 (2008) ifF 5¢
Ny AR IR I R 7. 14 00 ~9. 26 Y0 L BE P 3 B MR L8N 0 Erychroculter ilishae formis W18 fb B
PE A2 5 ERL T AL R S A S0 45 2R 5 0B BE AR — B0, RDRE I ENE 7 02 R K S W A e 0 A Y e
A B A2 Tk v 3 R U5 T 0 AR K Bl W % B e Y T L e K 7 Sl ) T AL B R D R DR T /b 2R 1 TR A e
VA #E A 2 1 B A

) Ak i 05 7 S 08 A8 A AN AS S Wi i 35 T P 38 T R B e R 1 I RO R A ) T L T ELAE O R 45 R 25 R
(Morais et al.  2006;Zhou et al. 2007; ER5HFEE  2009) . ASSLY v, 24 kh g Wi K72 9. 31 %61 L i fili
5 k& B HUHE JURY AR 1 UE R NS U O R R AE A s . R RAE (20100 RSN T R iR D B
9. 88V I A {2 it 5 B AR 3 4 W AR VB IO VE L AR SR A SR R A R B AR — B YA R IR KO
i 9. 31 V0, A AL Hu B 1l I P B A RDREIR D KT 3 A IR Ea # L 3X 5 Morais 45 (2006) X ZE Y iR
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fi5 Solea senegalensis . £ 75 MrZE (2009) X & % Ml 1. Sym phsodon discus F1F 5B ZE (2010) %F WIS 14 (1 0F 55
LR . Hidalgo 45 (1999) #F 5L I O » 3 F i i 7 R840 1) 2 R A7 A IE A G I C &R . Mohanta 7
(2008) 7E X NI Puntius gonionotus WIWF 5 W UESE T 28 H BE TG 77 B 55 RO R I K SF- 41 . 8 f 38 3 R i i
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