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FRSEKEXNTRERBEREREKEHABBIRIN
Effect of Dietary Copper Level on Growth Performance
and Body Composition of Juvenile Peanut Worm,
Sipunculus nudus Linnaeus

FRAZR LK R, E E.EZF . BEKE O H,.EZEHR
XU Mingzhu,ZHANG Qin, TONG Tong, DONG Lanfang, YANG Jialin, JIANG
Yan, HUANG Guogiang

7VEAH G BGOSR, T PE i AE I HOR B i 9e g =, TP B 536000)
(Key Laboratory of Marine Biotechnology of Guangxi, Guangxi Institute of Oceanology,
Beihai, Guangxi,536000,China)

HWE LB HY T iR bR oo 2 8 7K 3 5 48 &2 R CSipunculus nudus Linnaeus) H#E W A= £ J AR 241 B 1 52
me AR R R U R W A S i . (05 i Xl A 45 U7 i R BURE o MR W] 4 K OF- (2. 7 mg/kg. 7. 5 mg/kg,
11. 2 mg/kg,19. 8 mg/kg,30. 4 mg/kg,52. 1 mg/kg) iR 56 d. AF 5% 33 o0 2 4 X A% 2L HL Y Wi i R (38
H (Weight gain rate, WGR) 47 & 4 K % (Specific gain rate, SGR) A4 il 43 1952 e, (&5 R YA R i it i =
JCZ i KT X T s L RURE SRR G R KR AR ORI (P <C0. 05) . Bl A RDEL S S p B L R
B HUHE AR SGR I WGR #8558 G TR . ZJ5 # B TR s, M IRRHR & & 11. 2 mg/kg B, 74 B it
il He 3% T SR E A R IR B R AE . TRDRHR K OF X O kg ROHE H Y AR TS R A R A T Y
(P >0.05), [E&RYFER R & TR &N 7. 5~11. 2 mg/kg.

KR HEER WY AKMER BUSE KA

HESES 8963 MR A XEHS:1002-7378(2016)03-0209-06

Abstract :[Objective] This trial was conducted to investigate the effects of dietary copper lev-
els on growth performance and body composition of juvenile peanut worm, Sipunculus
nudus Linnaeus. [Methods]) S. nudus juveniles with average body weight of (18.4540. 11)
mg were fed diets with six copper levels (2.7 mg/kg,7.5 mg/kg,11. 2 mg/kg,19. 8 mg/kg,
30. 4 mg/kg,52. 1 mg/kg diet) for 56 d. [Results]The results showed that the dietary copper
levels had significant effects on weight gain rate (WGR), specific gain rate (SGR) ( P <<
0. 05). With the increasing of dietary copper levels, WGR and SGR were increased, then de-

creased in generally, and increased again, and
11. 2 mg/kg. No

reached the maximum at

Y5 H#:2016-04-10

EE BN P WIBR (1988 —) . L Wi+, M F K= Sl iy 8 5%
5 581 1 WF 58 » E-mail : xumingzhulian@163. com ,

* EE ARBE ¥ 54 T H (31402304) , 7 B RLEF R 5 R
TFR TR H R 13129024, H:RH& 1346011-12, H: R &
14125008 - 2 - 200, J° W H & B % K 4 W H
(2015GXNSFBB139005) F1 )™ 74 F} 2 B H A BLF Ak 55 2% 5 H
(15YJ22HYS15) %80l ,

o IRAEF .ok 2 1982—), Wi, BIWFSE 61, Wil - 4 %
Ui, 3 BN K 7 E W 3 5 W R Y BF 58, E - mail: zhan-
2qin821220@163. com,

significant differences were observed in survival
ratio (SR) ,body moisture, body protein content,
body lipid content and body ash content of S.
nudus among dietary treatments with graded
levels of copper ( P >>0. 05). [Conclusion] The
dietary copper levels range which could acquire
high WGR were from 7. 5 mg/kg to 11. 2 mg/
kg.

Key words: Sipunculus nudus, copper level,
growth performance,survival ratio, body compo-
sition
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il

[AREXYFME R CSipunculus nudus Lin-
naeus) s U AR 0 B B &% 8 2 5 1 7 22— A T
TE T T T — A 0 e IV B A T L B Y L T B
Wit E R, B R A AL E .
T H 5 A% B R SR AR A A FE O ORL R
AR A B RS T3 0 R SR R DR R
A6 R o ) 4 24 B I AR U AR AT b B, b G B
() — AR 2 i o 7 A B L N TS DR Y O K A0
e K S Be A ek SO BT R 4 FORR AN Y
7B SRR T R RORE = RE SR B B L L T
JCR BB IMIRAT 2, (B ANFRERYN TR
R R KT KL M EITRZ
— VBT AT TR S Y R A S R 2
1 2 R 4 TR] B 3 5 e Sh P i e e Th gt B
VRN A8 D B A Rk T S s K £ R R PR AT G
(broiler) B4 B & (4 i 4= K A s Roof %517 45 1
RS I K B 5 T LU A A A R R
FIAS [ 7K SF- 4 o) #8128 A= K1 e 52 ) Y 4l AR 22
T 2% A5 A 58 kB RE i B b 5T BE N 3.5
mg/kg N F 9. 2 mg/kg #Y L A R, B MM
( Pelteobagrus fulvidraco ) W) 3 B 2 {3 76 AN W 42
1 2 W AR RS R B HORR R R 5 o A SR
AR RE R OB R K WO R e % AR M
( Oreochromis niloticus ) Zill T 1
( Ctenopharyngodon idellus )W) A& KM fE, H 24
T2 50 2 ] Y 7 R IR B e W E N (P >
0.05) s WA FF BRI, B 30 mg/kg A4
XF FLAN I ST U ( Litopenaeus vannamei ) WA K 5
AR i R A R R e R KO 0 X R
ABE( Epinephelus coioides ) B 1715 3 F1 ALK 26
WA B E VR (P >>0.05), Lee %1% LA 1k 4
S AR & A R R 3T 80 mg/ke 2 B BRI BE
T XFER C Penaeus monodon ) BB IEHE (P <<0.5);
A A A e B DR e B v 3 ) L gA
X B P BTG 25 5 R DU A5 I A 7E R e s T b
(6. 8 ~20. 5 mg/kg) H B F B ( Sparus
macrocephlus )& A T AR X HE 3 5 VR A K,
MR LL<<1.2 mg/kg AHE; BT AR ENA.
e el A 5 e X R £ A0 R A0 Y £ AOK 4 R B
Wi AR K 5y To B 52 ( P >>0. 05) . [ARHRTIN

A METAR 2N TR WR TS B ATE A %
T=RE SR I L o0 F AN Bk L S A G HR
T BT TR B DGR B AN A T AT
TR 7% A HOHE SN TS A GRDRE R BOEE DT R AY B il
i IR R B9 5 82 180 I 50 i 0 3R AR X O A
B2 MY R R R R A KR AR S
R 75 ks B U N TS A AR BE T v SR A9 S B
PERE IS FLA]

1 #MHE5RFE

1.1 ##

BF 9 50 BRI 6 T 0 5 97 K
I GE 1 50 Ml L B B[R] — L 32 K OO Ak B L A AR
6] AL E A 5T L Y N T R B e A P
P fA N (18, 45 £ 0. 11) mg/4k, F ¥ KK K
(1.50£0.16)em/ 55, 3L 7 200 %%, 43Ky 6 41,1541 3
AEE, REEE A 2013 4 8 AW E 9 A K. A
8 &,

e RIREW (1 kg MRS ) 484 R D, 400
U442 E 100 mg, 4i4 2 K 1 mg. 44 % C 70
mg, i K B, 0.5 mg, 442 B, 7 mg, 44 K B 6
mg. 44K By, 1 mg.D{ZFR 32. 6 mg. /PR 28 mg.,
HEE 1 mg, MR 7.5 mg, JLEE 440 mg,

BT (1 kg TR D BRIRES 3 000
mg, /KB R 300 mg, BEIR A4S 4 125 mg, —/K
R4S 270 mg, EALEN 1 200 mg, — 7K W1l 2 40
0.75 mg, &ALH 750 mg. EAKBMEE 1 525.5 mg,
LK WE: 750 mg, ANKEEE 6 mg, S/KEA L
B 45 mg. WULED 6 me. WA K 3 021,75 mg,

1.2 A&
12,1 RXEAHmLT

VL 25 1 R e Ay 2R R £ SR A D UR L AR
2 ) g ) T, 4% 2B R 5 B RE M 0 mg/kgl 4
mg/kg.8 mg/kg.16 mg/kg.32 mg/kg.64 mg/kg,
3 6 A BB E L fRDRHH S BRI AE B 2. 7 mg/kg.
7.5 mg/kg.11. 2 mg/kg.19. 8 mg/kg.30.4 mg/kg
H52. 1 mg/kg W55 A 55 BE1RRL, B A J50REE 4T 7K
Jr HLEE H B (CP) KL 5 (EE) K 23 CAsh) %
J5 s By W Sk O L AUBURL DRI T2 B] Blair 5859 A 21
75 1 4% BRI T B RAR G 3450 15 il FUK 5853
RAT I 150 B o6 A BURL (R 1) o il /E & 1 fa)
BHE T 4°C vkKAE N ARAE LB 2 T
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F1 RBABEATRERHSTH(FHR)

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

JEUB} Ingredients( %) J43 53 Bt Proximate analysis
. (“,u %Iﬁ@% PN " P yon P

G content(me/ k) Mﬁfﬁﬂfﬁﬁix Copp;ﬁ; methionine Total CPCA) EECO AU Griv ke
2.70 1.500 0 0.000 0 100. 00 44.25 9.23 9.64 19. 45
7.50 1.499 8 0. 000 2 100. 00 44, 24 9.05 9.32 19.72
11. 20 1.499 5 0. 000 5 100. 00 44.32 9.17 9.19 19. 36
19. 80 1.499 1 0.000 9 100. 00 44.89 9.17 9.24 19. 89
30. 40 1.498 0 0.002 0 100. 00 44,78 9.09 9.84 19.92
52.10 1. 496 0 0.004 0 100. 00 44. 21 9.15 9.25 19.73

T« UL LA 2H 23 5 23 B IR EE 1 40. 009,

B RE 10. 00 %, ff il 8. 00%6 , A4 20. 0020, S fh 4T 4 14. 000, 48 B FR B 3. 00%6 , B W A

2.00% A RIREW 1.50%; » » fli ] PARR 6400 %05 2R 31 5 il iy 92 0 {8

Note: * The other component content of ingredients is casein 40, 00% , gelatin 10, 00% , fish oil 8. 00% , dextrin 20. 00% , microlite cellulose

14. 00% ,sodium alginate 3. 00% ,lecithin 2. 00% , vitamin premix 1. 50% ; * * Values of gross energy in the diets were measured by oxygen

bomb calorimeter (PARR 6400)

1.2.2 stAKMERG "

KA SROCIR L A SR K IR (4R 1E 26 ~30°C) .
TG UK (R 18%0~22%0) , 24 h HELE T A
(Ef K F 5.0 mg/L), & K4 K Bk (9: 00,
17:00) , oK Jm i i W PRUE YD 7R A b & R 58
R AR, FR5E R R R K, MR E
EANEBRIE TR AMA . SRS RS KR 2 d
(0 25 20 J5 A A OB 10 SR U AR BOF IR R A7 T
—80°C IR il vk A Hh

BT 3 B R R E A KRR AT

3% % (Survival rate, SR, %)=100XN,/N, ,

I & R (Weight gain rate, WGR, %) =100 X
(W, —W)/W,,

1 78 4 K & (Specific gain rate, SGR, % /d) =
100X (1nW, —ln W) /¢,

. No HWIIARHE HU 280, N, S &R HE R 2%
B, W, RRNIRHE AR E W, AR HERUAE, ¢ K

G
1.2.3  SHRLA R IR 2 09 %W

Ty A% B HUHE SRR A B A D R AR H R R 43 1
K AOAC (1995) B J5 o A i i ov b 7Kk o3 T
T5 R 105 CHER h it T+ 2= fH L 33 A K
sy = (EfE — T 5 /68 |« 100% ; & F
E R YLK E & B (Kjeltec 8400, Sweden) ; ¥ Ig I
52 R F 2R TGl 32 1 (Soxtec 2050, Switzerland) ;

JR A0 78 2R FAE 550°C Hhtg f b #y ke 12 h i A
KK & =R /RE) » 100%, RH SPSS
19. 0 for Windows XJ Jir 15 %5 4l #F 47 7 25 43 #r . 45 22
SIRF B E W AT Tukey’s ZE K, & K
SEK P <<0. 05,

HERESN

2.1 XAEKMESENZMm

HH 25 2 A0, 95 0 R T 45 0, Ak A A v
A B U HE LAY 8 R R E AR KR B
(P <C0.05), & bk v 4] 5 o 0 £ 8, HE LAy 38
HROMURR E A KR B JE B TR Y A 7
Tk 11,2 mg/kg BB &, S &N 7.5
mg/kg Fl 52. 1 mg/kg I ARA R EEF,
HEZESTHSEN 2.7 mg/kg.19. 8 mg/kg Hl
30. 4 mg/kg flF AP <0.05), {4 & & Q2.7
mg/kg) 2 HE 1LY 3G SRR A ORI G, H
FART HoAth 45 4 & B4 (P <<0. 05), 45 4b B 28 #E
B IE AA 76. 83 % ~82. 25 %, A & B X LS KAy
AR E (P =>0.05),
2.2 XHALE B A 53 BY R i

MR 3 FroR % J7 4 AL HOHE B 2 R 43 19 43
BT 2R W1, A 5 £ X Ty A R HORE R 4 oK
FLAE 1L R RE D A0 K o & IR A B Y
(P >0.05),

2
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Table 2 Effects of dietary copper level on growth performance of juvenile peanut worm,S. nudus (Mean=*S. E. )

Cu 5B o i

Cu content (mg/kg) W, (mg) W, (mg) WGR(%) SGR(% /d) SR(Y)

2.7 18.55=+0. 09 37.65+1.65% 102. 94£7. 83¢ 1.26£0.07% 76.8342.51
7.5 18.03+£0. 11 49.31+1.72b 173.51+8.41b 1.80+0. 05b 82.25+1.04
11.2 18.76£0. 21 56.7341. 32¢ 202,397, 24¢ 1.97+0.04¢ 81.50£1.01
19.8 18.60£0. 14 48.3441.52° 159. 87+6. 62" 1.70+£0. 04 80.58+1.48
30.4 18.56£0. 38 48. 6042, 20° 161. 66+6. 90" 1.72+0. 05" 80.17+£1.02
52.1 18.2440. 41 49.4840. 53" 171.4043. 76" 1.78+0. 02b 81.58£1.08
P {f P value 0. 406 0.000 0. 000 0.000 0.196

T RSV B8 E AR T F B A R R R85 R AN B3 (P >0, 05) , RFE/NE FRERIR 25 5 B35 ( P <<0.05)

Note:In the same column,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 <Z0. 05)

R3 ARHEEKFX T2 B R S B R (T E AR

Table 3 Effects of dietary copper level on body composition of juvenile peanut worm,S. nudus (Mean=xS. E. )

Cu 560 Bt P e WL WL

Cu content (mg/kg) Moisture( %) Crude protein (%) Crude lipid Ash(%)
2.7 80.5640. 60 61.0240.76 2.36+0. 14 19.644+1.53
7.5 80.4440.29 59.8840. 48 2.56+0.12 19.32+1.66
11.2 81.7440.19 63.2744.09 2.41+£0. 14 20.1941.19
19.8 80.5240. 60 62.15+3. 64 2.69+0.10 20.6041.53
30.4 80.5740.87 61.46+3.63 2.90+0.18 19.08+1.13
52.1 80.4640. 32 61.56+1.72 2.36+0.07 20.2341.01

P {H P value 0.513 0.971 0.701 0.961

TE D AR b B B RIS 7 R 20 25 40 5 B SR B0 T L 45 2) [ S S JR A DG - B B ) R ROR 2 R R 3 (P >>0..05)

Note:1)Crude protein,crude lipid and ash content were dry weight content of juvenile peanut worm, S. nudus; 2)In the same column, values

with no letter or the same letter superscripts mean no significant difference ( P >>0. 05)

3 it
3.1 ARMAKENARE R RE KM

AT FE A R S Y Bl TG R R A R A
Yy BA SRR E o T RIR AW R e SRR
FEICHLIE 3 i 5 ) W e A1) A 9 L 4R A A9 4 Ot
R HBBAE — € N0 B A X 3 3l ) 7 A AR R AR T
LU 4G R A W] 2 ARV 5 R B 34 0 L D ks 2 SR AfE
R D ARON R E AR R E T L R
11. 2 mg/kg W P 45 38 B e KAR S F B L 3 Al g2
o 11,2 mg/kg BHR & 30 7 M B2 HURE B2 1
RE B9 A 2E A T A T 40 A DR b 22 4% A i 0 30 AR
TO7 A% B HURE H R A BE R A s T RE O
11. 2 mg/kg B9 & 0 AE— & 2 LA 1 7 #% 2
HUHE B A 22 B T v A D T RE R I R T
J SRR 7 AT A2 S A OIS P D7
B R R A B A 02 AR RAE I A B 2. B
WFoERaE R W, Je 2 % AF fa 5k 4 % 1k 3] 200
mg/ kg I 22l 1 AR AR P RE T RE
3.2 AR KT X774 B B #E R AL 53 B9 2 0

J7 s B HUMLUK 0 D0 J5 3k R — E AR AL BT

550°C w i b, A5 B A A ALY e iR AR AL R R
(1 5 I T A 5 00 e A S5 A Y B (R R AR 0 1
F T 45 AL Ak 1 2 i 45 SR 23 I TG 22 ) L S T £ 6
R TR L TR 250 b I A 3R B X AR
A R, X T AE 2 AR YU 6 Hp ALK 73 5 R A
AR AR ALY I . A% 0 AL AR S HLER FRDHL
BT BA 35 22 S T RE B bR IR A OG5 o — T
[IRR=IE7/ R NS E A e F Py A TRy
0, X AT B R R B AR B LA A e T
ZS RN Z — o Bl TASHE I RO HE AL
PRI ST R 7 A% 2 e B M 8000 AT 2 358 AR Y
JE B A i #E— 5T

&t

AT 5T 38 5 253 75 ks B HRURE H 8BRS (] B K B
T IF 5T B 0 2 X O A% AR HURE AR R S R
B AR A R0 o 1 2 2R R B AR b S
P4 Bl 70 2R 6 D7 A B B T R B R A ORI
SR R AR R K P aed i s AR 0 T A A
BB A AR BB HEAE TR G, D5 M A2 HURE HL i 3
FORFE G R A MG HHN 7.5 mg/kg. 11, 2

IS4
2

4
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mg/kg.52. 1 mg/kg 3 MR I F 2% H . HE
MR SA KB e 7. 5~11. 2 mg/kg M5 K
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