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Effects of dietary protein level on growth performance and body
composition of juvenile peanut worm, Sipunculus nudus Linnaeus
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ABSTRACT Sipunculus nudus Linnaeus at an average body weight of 39. 20+0. 24 mg were
divided into 9 groups with triplicates and 500 larvae in each replicate to investigate the effects of
dietary protein level on growth performance and body composition of juvenile peanut worm, S.
nudus,by feeding diets with 9 protein levels (25.21%, 29.87%, 35.03%, 40.67% ., 45.47%,
50.12% ., 55.29%, 60.38% .and 64. 85%) for 8 weeks. The results showed that protein level
significantly affected growth performance of S. nudus larvae (P<C0.05). With the increasing
dietary protein level , the weight growth ratio ( WGR ) and specific growth ratio ( SGR ) firstly
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increased and then decreased, and when the dietary protein level was 45.47 %, both WGR and
SGR produced the maximum value. The regression model analysis showed the best dietary pro-
tein level was 46. 79 % ,at which the best WGR was acquired. The results of body composition
analysis showed that dietary protein level had significant effects on body protein content (P <C
0. 05), which increased with the increasing doses of dietary protein. S. nudus fed with 64. 85%
protein produced the highest body protein content, and was significantly different from the
groups with other protein levels (P<C0.05). There was a downward trend in body lipid con-
tent, and when the dietary protein level was 64. 85% , the body lipid content was significantly
lower than that in groups with 25.21%, 29.87%, 35.03% and 40. 67% protein (P<C0.05).
The dietary protein level had no significant effects on body ash content (P>0.05). Based on
comprehensive analysis of WGR , it was concluded that the suitable dietary protein level for S.
nudus larvae should be 46.79%.
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Tris A Sipunculus nudus IRFRIGCHRTT AR L OGRS FR VD 3O D B R P SR A Rl BRI
VAR R AR B ISV A A CERE S 1990 P DU PRI X IR O R (Rt 1999),
eIV A WO B IR . FRT TR RS R N AR e R VKB AE ) (Rice 19865 22 [H 5
G5 2003:FPEAHAF 2004) KA BEAEZS (Ruppert ez al. 1995) % 5 M T AHSCHESE . 124 1k [F N Ah i R
UL 75 ks B2 B 3R 5 ARDRL 7 TG SCRRE
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T oRAEH H B (Lee et al. 2000) , 2 PRI B Y 5% 58 AR R R S 28 U AL 45 i 0 5

B TARRE AR 1 5 O DR AR K AR 3 IE R A ORI AT R O A A L AR TR T R K F X T
F HURE SR A AR 2R WA AT S L LS00 D MRS A SR 58 5 ks 2 R N TS DR B A ] B 0t R A R S A
¥

1 #MH5RFE

1.1 s
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IR T 2010 4F 9 H 15 HAE) VWAL B3 DOHEFE DTS i 16 7K 33 7 5H S 96 56 M B Tk /K 57 BT o il 35
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Table 1 Ingredient composition and nutrient level of experimental diets( % dry matter)
ik} 4% 5 Diet No.
T Items DI D2 D3 D4 D5 D6 D7 D8 D9
(25.21) (29.87) (35.03) (40.67) (45.47) (50.12) (55.29) (60. 38) (64.85)
Py
4*5]\ 17.75 21.3 24. 85 28. 4 31.95 35.5 39. 05 42.6 46. 15
Fish meal
ﬁ‘%E.H 7.10 8.52 9.94 11. 36 12.78 14. 20 15.62 17. 04 18. 46
Casein
A e ;
. . 7.10 8.52 9.94 11. 36 12.78 14. 20 15.62 17.04 18. 46
Gelatin
Wik . 40. 00 35. 00 30. 00 25. 00 20. 00 15. 00 10. 00 5.00 0.00
Dextrin
oI Y 2=
/T'ﬁ%: 15.05 13. 86 12.66 11. 46 10. 26 9.06 7.86 6.66 5.46
Cellulose
??{éémﬂ}ﬂ . 3. 00 3. 00 3. 00 3. 00 3. 00 3. 00 3. 00 3. 00 3. 00
Sodium alginate
ol I s e
g R 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Ingredients Lecithin
E(ﬂ] . 5.70 5. 50 5.31 5.12 4.93 4. 74 4.55 4,36 4,17
Fish oil
PR A ) ] ) )
Ca(H,PO, ), 1.50 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1. 50
N
E. " (ﬁ‘i? . 0. 50 0. 50 0. 50 0.50 0. 50 0. 50 0. 50 0.50 0. 50
Vitamin premix
A=t DT M R 2
EAI—' ek . 0. 50 0.50 0. 50 0. 50 0.50 0. 50 0. 50 0. 50 0.50
Mineral premix
s N
JEQE% L‘ 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Vitamin C
AL - _
.2 .2 0.25 .25 .2 .2 0.2 .2 .2
Choline chloride 0.25 0-25 0 0.2 0.25 0-25 0 0.2 0.2
St
;bL%Vﬂ:“JA 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Ethoxyquin
&1t Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
*HEH . 25.21 29.87 35.03 40. 67 45.47 50. 12 55.29 60. 38 64. 85
Crude protein
e N7 Y g
rgeky ML 8.27 8.24 8. 21 8.17 8.33 8.20 8. 11 8.22 8.25
Nutrient Crude lipid
level K 4,
TA}?J}? 6. 84 7.58 8.27 9.13 9. 80 10. 94 11.60 12.42 13. 60
S
/k% 9.33 9.25 9.28 9.19 9.12 9.23 9.27 9.41 9.38
Moisture
HABARMER T RE YA E . Vp 480 000 TU, Vg 20.00 g, Vi 0.20 g, Ve 14.00 g, Vi 0.10 g, Vi 1.40 g, Vs 1. 20 g, Vi
0.20 g, ZHRAS 6.521 g, MHAR 5. 60 g, L E 0.20 g, JJLEE 88.00 g
EAT W . BT REST WIS :FeSO, » TH,O (19. 74% Fe) 152.00 g, CuSO, + 5H,0 (25.22% Cu) 2.40 g, ZnSO, « 7TH,0 (19.25%

Zn) 31.20 g, MnSO, « H,0 (31.89% Mn) 8. 20 g, NaSeO; » 5H,0 (28.54 %) 0.18 g, KI (75.73%) 0. 16g, CaCO; 805. 86 g
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56d FRAE LI 45 WG K L HE R ML BRI W KB N 2~3 d. R HEAE N 2R T2
Joi o AN T A2 R AT A R L TR R A B R R R AR RO, TR AR IR

BLG % (Survival, %0) =N, X100 / N,

B E R (WGR, Y%) =L (W, - W,) /W,] X100

g B K F(SGR, % /d) =100 X (InW,— InW,) /t

o, Wo B W, 43 550 SR HE 2L e i A JE AR AR T 50 Ry S50 B N, A N, 40 1) R A I R A A2 i) 28K

S HE R AL A 43 B D A R R B E R A3 43 BT H SR T AOAC (1995) (9 5 vk . o, oK 43 19 I 2
105°CHEAE gt T 22 48 5 5 ofH 2R 1 A0 00 R A L IR 01 (Kjeltee 8400, Sweden) s IR 7 (900 7 2R FH 2% G dih 2
2 (Soxtec 2050, Switzerland) s JK /3 J& 76 Sy @ rfr 550 “CHYHE 12 b, A0 B b 1 50 52 00 7 V9 9K o o AH XAl 22 K
T 296, D)8 oA B, SR AR 22 7E 2 26 LA Y PR T R A A ST 35 B 1 by e 8

K H SPSS 13.0 for Windows X FF 15 8048 #5477 22 047 . 45 25 A B b 35, W HEAT Tukey 23 3L, W3
KSRy P<<0. 05,

2 #HR

2.1 AHEEKFEXNFREBRMEHERMERARM

56d f 4R 35 52 36 30 ] L 4% 4 B ZE HE S FRTE 92, 67 %6 ~95. 80 % 2 [ . 4% kb F 4H H] 22 B A 3 (P>>0. 05)
(£ 2), TRV F1KT 6 7 b AL R HE i 1 SRRy e AR R 1 3 2 (P<C0. 05) (3R 2), Bl 45 1 k) v 28
1K I 12 5 o D i A ROHE Hh i) 98 R B R B S R B A FE R UK 45, AT o ik B i, AR R TR
% (25. 21 % .29. 87 % Fll 35. 03 %) FlAE &5 (60. 38 % Fll 64. 85 %) & A /K 20 (P<0. 05), J7 % At i HE i () 4 o
Az K B A DR UK Y LT — AN e R R R W AE R K 45 47 Ak B i, H B E S
FAEAK (25. 21 %070 29. 87 %) R4 155 (60. 38 %6 Al 64. 85 %) FA/K P-4 (P<<0.05) . fIREK FH /K- (25. 21 %) 4 HE
R A 8 R SRR E A KR R G, HLB B R T A A B KR 4L (P<<0. 05)

Lo BT R WY 3 E R () R F KT (o) i il e [ )3 7 R R

y=—0.282 92> +26.475x—191. 82 (R*=0. 922 4)
1 R TR B A B FIKCOE S 46,79 %,

£2 AMEAKENHIEERHEE B ERMERNP W CEYE AR EDD

Table 2 Effects of dietary protein level on growth performance of S. nudus (Mean + S.E.)

k4w % Diet No.

i H Items
D1(25.21) D2(29.87) D3(35.03) D4(40.67) D5(45.47) D6(50.12) D7(55.29) D8(60.38) DI9(64.85)
FSIRRUNG Y 41.184+ 39.20+ 38.91+ 38.94 £+ 38.95+ 39.01+ 38.87+ 39. 05+ 38.72+
IBW (mg) 2.10 0.28 0.08 0.16 0.25 0.23 0.02 0.17 0.12
KR T 157. 49+ 181. 09+ 188. 04+ 201, 62+ 212,32+ 201,07+ 194. 19+ 179. 36+ 174. 96+
FBW(mg) 1.672 1. 21 be 6. 46be 3. 46¢d 4. 514 6. 53cd 2. 55bed 7. 26abe 2. 80ab
piid i 284,34+ 361. 96+ 383. 20+ 417,74+ 445,09+ 415,23+ 399. 54+ 359. 24+ 351.855+
WGR (%) 14. 46 3. 24be 11. 04be 7.93¢ 3. 894 9. 15¢ 9. 93bed 11. 70 7.03"
g KR 2. 69+ 3.06+ 3.15+ 3.29+ 3.39+ 3.284+ 3.224 3.05+ 3.02+
SGR(% /d) 0.10? 0.01° 0. 07" 0.03b 0.05¢ 0.06% 0. 04be 0.08 " 0.03"
T R 92. 67+ 92,87+ 95. 47+ 95. 80+ 95,13+ 95,27+ 93. 00+ 94, 20+ 94,13+
Survival( %) 0.82 0.52 1.51 0.42 0. 81 0.59 1. 56 1. 10 0. 64

T RAP I AR 3 N EE A bR . AT RS R B R TR 2 2 ) R A7 A 35 25 5 ( P<<0. 05)

Note: Values are means of three replicates. Means in each column with different superscripts are significantly different (P<Z0. 05)
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500 .
2.2 (AREAKFERT T E B AR R 5 450f R=0.9224
% 400 .

SO0 B PR RS0 A I 5 R L 2 3 BB 1K g;ﬁ: :
AT RS R R AR S R R E B s
(P<<0.05) .l J2 tiy R 2B 1 3 f2k b %5 BB 11K T 10 20025 30 35 20 43 30 35 60 65 70
LTRSS 01 85 AL IR S T 25 9 7K T Dietary protein level (%)
A0 T A A B KO 4L (P<20.05) . PRI
B DR 1K T L THAT R R 0 %4, 64 8526 B A o R
2R o i R IR B S R AR, OB R T 25.21%. i P2 1K 9 T 4
29. 87 % .35. 03 % 1 40. 67 %40 (P<<0. 05), 4k & 11 Fig.1 Regression analysis between WGR and

dietary protein level of S. nudus

ISP 7 A% A HOHE R AR R K o FURLIR 3 e AT
& (P>0.05),

®3 AREAKEXFIEERBEE RERSHORMOFEHE SRR
Table 3 Effects of dietary protein level on whole-body composition of S. nudus (Mean + S.E.)

k4w % Diet No.

D1(25.21) D2(29.87) D3(35.03) D4(40.67) D5(45.47) D6(50.12) D7(55.29) D8(60.38) D9(64.85)

i H Items

Ko 78. 89+ 78. 743+ 79. 15+ 77.32%+ 77.96+ 77.98+ 78.58%+ 78,43+ 78.61+
Moisture( %) 0. 34 0.27 0.25 0.49 0.51 0.42 0. 37 0. 34 0. 36
& 67.13+ 68. 09+ 69. 40+ 70. 114+ 71.174+ 72,164+ 73,474+ 74,94+ 76. 04+
Crude protein( %) 0. 642 0.61% 0.72% 0. 592 0. 47be 0. 55bed 0. 53¢de 0.51d 0.83¢
HLIE 7 2.98+ 2.87+ 2,77+ 2,70+ 2.62+ 2.56+ 2,484 2,384 2. 284
Crude lipid( %) 0.074 0.08 0.05% 0. 02bed 0. 09abed 0. 062 0. 132 0. 06 0.11#
15.81+ 15.87+ 15.93+ 16. 12+ 16. 14+ 16. 20+ 16. 21+ 16. 25+ 16. 34+
; Ash(? . . . . . . . . .
W5y Ash(2) 0. 40 0.09 0. 34 0. 25 0.51 0.16 0.21 0.21 0.29

TE R EAE D 3 N TR I An R . AT B AR R AN R 2 ] RN AR W 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)

3 itit

3.1 ARERKFXNARERMERERKMEREORM

Mohanta %5 (2007) X} JRE#E Puntius gonionotus WIHFFE KB, 30 Y8 A /K FAH R & B FH & T E A KFE
fr T AR T2 K T 0 R R A A AR X A5 BB Morone saxarilis (Millikin - 1983) | fff 2 Mugil
cephalus (Papaparaskeva-Papoutsoglou ez al.  1986) F1& k4 Oreochromis niloticu (Siddiqui ez al.  1988)
MBS P AS B T AR 25 2R . ARBIESE b L BE G TR K P S I B T 3 R R S T L S AR Kk
F 45, 47 Vo), 1 AR E AR AR IR B e K AE SRS BB TRDRNER FKCOE Y LT AR SRS R R X 4
R R 2EE ALK S Y B8 A B R S5 10 02 — B0y . 38 X 3G AR B SR AT R ml A
ST R, 7 b B BURE HRFEARDRL B R K R 46, 79 Yo iR B e K AR . BUSR R AR R A= i 9 Rl AR K R
B A AR I S e AN AT /D A SRR R 1 e A e R AR R DA A U A L 18 A AR
I Y LA O T T A A B AR R X D AR T8 (Sa et al. 2008) 33X AT BE AL R A AIF S P i AR
TR 1 KT BRI T ks B SRR oA R S DR s (E Y DR b B BT A i v I A A RO AR A AR R R
P —E AR AT R T RE B I PR 2 A B0 B 1 2 B0 0 A e A U RE L X R S BRI 1 A B AL R (Lee et
al. 1973), AT i B FEAL I & (Singh ez al.  1988;Khan et al. 1990;Mohanta ez al.  2007),
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3.2 AREKFXTEE R R EHS RN

AFFE b AR AR KOPAE 25, 2100 ~64. 85 V0w Rl P L A IR KT 9 T O R R ORE B IR R
B & AW, b it Cyprinus carpio (Zeitter et al. 1984) .28 Channa striata (Mohanty et
al. 1996) K E A Scortum barcoo CRILE 2000 W5 h ¥ A MM E B E A KFEN ET . BREA S E
AN X G A S B HF SR A5 e — B . B A R A TEXLL B et (Clark ez al. 1990) (K365 Salmo
trutta (Arzel et al. 1995) R WUZRE Barbodes altus (Adiran et al. 1997) % B 5T F & B, BE & 17 R R E
KPR AR A AR IERZ 5,

Wi RRE AR K CF B B0 O A% B HUHE HUAR R D B RN T RE R . X S5 RS H A A A SR
WS Mystus nemurus (Khan et al. 1993) . 4 W i Epinephelus malabaricus (Chen et al. 1994; Shiau et
al. 1996 FAIDEFEAE RH — 5. SMF I SR R 0 T IR 2 52 0o S L2 kS 422 L R
e R 7 5 R A S AH R A A R A A 4 e e WS R Ok B RE P, TORDR A Dy nl T AR,
Ak v R 1 B KPR I RDRL A B K A G W R A I T T B K A AT A S IR D . PRI > DR AR
& BACERAMRN KRS 1 & & 25k 5 (Papaparaskeva-Papoutsoglou ez al.  1986),

— g 2 3 R 2 HOIG i Colossoma macropomum (Meer et al.  1995) ., 2T Sk Wi 4K 1 Cichlasoma syn-
spilum (Olvera-Novoa et al. 1996) . PUZ i Barbodes altus (Adiran et al. 1997) .43k Sparus aurata
(Fernandez et al.  2007) % BYF 5Ny o (4K 53 AN 52 A b vh 2 K22 AR A 2 . AS BIF 5 v A4 1 K P
X 7 A% A HUHE He A 2 R PR IR 5 RS R B IR B ge it bW K (EHE R K o3 B A R R
HKER B INE eSS, X 5 HAL S ZETE XM Crenopharyngodon idella (Dabrowski  1977) #1 )N iEfifl P,
gonionotus (Mohanta et al. 2007) FHIF5E 45 B4 —F, Shearer (1994) HF 5% 1A Ny, i B} £ 25 R K /N R 52
e A% 20 )8 IR 43 & R B R . Schulz 85 (2007) TEXT G BEAR B Sander lucioperca WIRFFE R B . fe i
FE KT 21 B R R 3 8 e v P RE R PRI A e B T 2 A ok B SRR TR R (T ) T R P B TR AR
Z . AW IR R URE SRR 3 i BE A AR KO B W R R R A e i — 2R IR

i
Zi TR R A e el AR 2 v O A% B A R R AR KB DU RO PR R AR, RS R R
i B2 OB I A TR R 46.79%

'S
D

£ % X M

2L vk B 2003, Jr AR B UG S QAR B RO BIF ST, BRI VE 24 4. 22(6) . T0~T5

FRE LR =R H, B R 40L&, 1990, o E T 7R R dUR GRS MATSE. T B KRR, 20(1) :93~99

ZEE P L JE B A A . 2004 SR O B B HU(Spiunculus nudus) N T BEFH KA Y1 2E 000 26 0 58 B I 90 27 B 24 40 CH SR B RD 3(2) .
136~139

RIEF. 2009, 57 55 SR T R AUBFGE. UL« L1 AR TS R 2 1 R 90 A 2 6 38 3C

Z k. 1999, SR ks B A B AN R IR R R E . T PU R, 6(3) :222~226

Association of Official Analytical Chemists (AOAC). 1995. Official Methods of Analysis of Official Analytical Chemists International, 16th Ed.
Association of Official Analytical Chemists, Arlington, VA, USA

Adiran, E., and Shim, K. F. 1997. Growth response of juvenile Barbodes altus fed isocaloric diets with variable protein levels. Aquaculture, 158
(3-4):321~329

Arzel, J., Métailler, R., Kerleguer, C., Delliou, H. L., and Guillaume, J. 1995. The protein requirement of brown trout (Salmo trutta) fry. Aq-
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