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Effects of different carbohydrate sources on growth, survival and
body composition of juvenile peanut worm, Sipunculus nudus Linnaeus
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ABSTRACT Sipunculus nudus juveniles at average body weight of 15. 4940. 03 mg were fed
with seven isonitrogenous (45% crude protein) and isolipidic (9% crude lipid) diets containing
different carbohydrate (glucose, sucrose, dextrin, tapioca starch, potato starch, corn starch,
or gelatinized corn starch) for 8 weeks to investigate the effects of different dietary carbohydrate
(CBH) sources on their growth, survival and body composition. The treatment fed with gelati-
nized corn starch showed the highest weight gain (WG) and specific growth rate (SGR), and
were significantly higher than the other CBH diets (P <C0.05). However, the dietary CBH
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sources had no significant effects on survival rate of S. nudus (P>>0.05). The results of body
composition analysis showed that different CBH sources had significant effects on body moisture
and body protein (P<C0. 05). The S. nudus fed with glucose had the highest body moisture and
the lowest body protein, which were significantly different from the others (P<C0. 05). No sig-
nificant differences were observed in body lipid content and body ash content of S. nudus among
dietary treatments with different CBH (P>>0. 05). It could be concluded that the ability for S.
nudus to utilize macromolecular carbohydrates was better than that to utilize small molecule car-
bohydrates, and pre-gelatinization of corn starch significantly improved corn starch utilization in
S. nudus based on the experiment results.
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FHgE B Sipunculus nudus Linnaeus N EBRFY) ], 2 BE . 7 E B JE (Rice 1982), X ZGHEE .,
R YD B, B —Fp 7 0 A0 2 I 72 B KRR AN ZE 2008) , E 80 A TR E AR EE L&KL 19 M B I i
SEH CERVEAE 19900 ARV AR B IR O EE G 1999) RIS XK AR sl — . A
O JYE e IR T A SE L BT SR B 2 R R MR U R R A A M E R AR IR R e E B E. A 20 i
20 80 AEARTR LAty 7107 37 A% 1 R O A 2 il 3 4 2 ORI, SRR R S R R BEE A AR BRI R
TH 2% T3 37 568 180 5 oK R A 15 0 LA K N T3 P R S T s e H 5 B A TR e T 0 W RS 5 B A T R B
FETH AL ST R B RO, B SR AR M TR A AR R B BT o bl . HAT, Ak B UE SR
F B AR E S IR B B GRAE RIS 2008) DL K AaDRE i 2 11 T BB D S5 IS A AR B AR I (k. 3R AR
2011.2012a.b) , HBEIEE JRAT 5L 1 8 25 11

W2 3 ) = K8 % R RE B 9 T R 5T L 1R I OB D o e B 1) B8 15 JBT » 4283 1 TR Ay 50 ) L A ) A BB
S ftaE i . 15— SL E X S BT e B TR ARDRE R S i g Y AT AR A R oK B TR £ A R T
AE R, T DR R A A K (Hemre et al.  1995;Erfanullah et aZ.  1998.1999), [a] i} n] DL 2 a8 4
JEAE MR IR B 14 #E (Catacutan ez al.  1997;Peragon et al. 1999;Stone 2003) B H) WA E B R AI/EM . A
T R AT ) ek AR o [) s 8 i 20 2 280 1) HE i T SR 9 PR 58 A 15 2 (Wilson 1994) DL BUAS J2 57 58 WA 1y 32 22 40
JAE 43 5 T i He AR 40 %0 ~ 60 26 T 2R 1 15 FS0AS J2 K ™ ARk B AR 11 B B8 2 BGRB8
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VERY EKRVERY AL FORTER 7 BN [RDRE IR L B AE R CEE 24 45 00 S5 BR (29 9 V0 R D Ak » EL A A A E
I B8 WA 1. 2 B Blair 45 (2003) 4 1 (19 75 1 47 BORS & BRHIN T ]S D7 v 2% 114 2 43 JORE 516 3 A
SRJ5 400 H 3k 0 35 B FE BT 5 HE 2 fe i 5 A il AR SE 70T A0 L ARG 150 FURLR I} 4R bn 54
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Table 1 Formulation and proximate composition of the experimental diets (% dry matter)
SIS KL Diets
Glucose Sucrose Dextrin starch starch starch corn starch
£ 47 Fish meal 45.5 45.5 45.5 45.5 45.5 45.5 45.5
Bt Casein 6 6 6 6 6 6 6
SF Soybean meal 20 20 20 20 20 20 20
faiyl Fish oil 5 5 5 5 5 5 5
U AE Lecithin 1.5 1.5 1.5 1.5 1.5 1.5 1.5
'S4 4EE % Vitamin premix 1 1 1 1 1 1 1
AR WEL Mineral premix 1 1 1 1 1 1 1
W% Glucose 20
BEME  Sucrose 20
WS Dextrin 20
KEEH Tapioca starch 20
+ E K Potato starch 20
T KPER Corn starch 20
WL £ KIEH  Gelatinized corn starch 20
HFA R Nutrient component( %)
MEH Crude protein 44. 83 45.16 44,92 44.77 44. 69 44,95 44,72
ML Crude lipid 8.92 9.14 9.03 9.13 8.96 9.17 9.21
K4y Ash 9.62 9.43 8.82 9.21 8. 84 9.72 9.58

&t Dietary CBH 20. 22 20. 80 20.98 20. 27 20.57 20. 22

0 T A A E AV 480 000 TU, Vi 20. 00 g, Vi 0. 20g, Ve 14. 00 g, Vi 0. 10 g, Vi 1. 40 g, Vi 1. 20 g, V2 0. 20 g, 32 fR 5% 6. 521 g, 4
2 5.60 g L% 0.20g, JLEL 88. 00g

AT RE AT YIRS R WA (19. 74% Fe)152. 00 g, AR (25. 22% Cu)2. 40 g, FREREE(19.25% Zn) 31.20 g, MR % (31.89% Mn)
8.20 g, WANARH(28. 54%6)0. 18 g, MALH (75. 73%0)0. 16g, BRIR 45 805. 86 g

Notes: ! Composition (IU or g per kg vitamin premix) : Cholecalciferol, 480,000 IU; DL-o-Tocopherol acetate, 20. 00 g; Menadione, 0. 20 g;
Ascorbic acid, 14. 00 g; Thiamin-HCI, 0. 10 g; Riboflavin, 1. 40 g; Pyridoxine-HCI, 1. 20 g; Cyanocobalamin, 0. 20 g; D-Calcium pantothenate,
6.521 g; Niacin, 5. 60 g; D-Biotin, 0. 20 g; meso-Inositol, 88.0 g

2 Composition (g per kg mineral premix): FeSO, « 7H,O (19.74% Fe) 152.00 g, CuSO, * 5H,O (25.22% Cu) 2.40 g, ZnSO, » 7H,O
(19.25% Zn) 31.20 g, MnSO, + H,O (31.89% Mn) 8. 20 g, NaSeO; « 5H,O (28.54 %) 0.18 g, KI (75.73%) 0. 16g, CaCO; 805. 86 g

20. 64

1.3 HFERE

T 35 S AE T PG I T 50 BT 1 2K I 5 S 6 e 3t A R LA (65 em X 55 em X 45 em) Y 21 Ak A rh AT
IR R AR Sl B — W R 2 3~4 cm R ARV L BT AT K Yo 28 58 A0 E K M U0E 98 Jim 28— G Bt K 0k 4
UE . IEFRF LT 2011 4F 9 H 20 HIF4R . i) 56 d. SCEG 4 AN R R A R R 1 7 A1 (AR 3 A
520 A E R R AT A R TG BT AR P S PR E D 15, 4940, 03 mg B T3 K A2 UAHE L 400 2% 23 R LA
A R E DR ROURLGRDRL . S8 56 dL 14K 09 2 00 Fl 17 = 00 73 Jll % #% Ak B4 7K (g Y 48 7K £ 249 4y Ji s 7K #Y
1/3) SR e BEAT * aod d B4R (52 30 b i J2= v e T AR 4 A0 R v U sg e | R D o e Ah L SE i R R T A
SRICIR A AR AEFF7E 26 ~30°C L ERJEHEFFAE 18 ~22 . i %R T 5. 0 mg/L.
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PR A B RE SO B o [ I S SR A R G AR B, 2 A EES KR RE AL 60 2% HE HL L B S s 5% B8 2 —20°C
VKA R AF T R AL R B B 20 B D

1.5 FAHRERERSEERERNE

SR HE S A A B o AR R B AR 434 BT 25 R AOAC(1995) 1 J5 vk . e, K 40 s JE o B i B T 105 °C
MERE oML T 28 O I SR BIL R E Rk (Keltee 8400, B diL) 5 #9790 %E >R 28 FG 4l 42 % (Soxtec
2050 B k) MUK 700 5 SR e il 7 b (550 “CO R Ak vk o R R AT A RS SE PR S B T 3. 5- A R K A R vk
(FEEHIE  2010)5E .

1.6 HES5%iITHH

7% ZR (Survival, %) =N, X100/N,
WHER(WGR, %) =[(W,—W,)/W,]X100
P A KR (SGR, % /d) =100 X (InW, —1nW,) /¢
PN, HEN, 4300k 2R TN b HE B i) 250G W0 R W, 43 33 Dl AfE R ) B R B RN AR AR T 50 S LG
PN
FH SPSS 13. 0 for Windows X 4818085 #6177 22 0 7 - 45 25 iR 3 0 3 W AT Tukey 25 LR, WPk
KK P<<0. 05,

2 HRE5SMH

2.1 AEHERX T ERMERE KK EER R0

F2 AR RREER TSR R R KRR R I CF I AR !

Table 2 Effects of dietary carbohydrate source on growth performance of Sipunculus nudus (Mean+S, E.)!

W CBH source ) TR LR R E WER PR R B %
IBW (mg) FBW (mg) WG (%) SGR (% /d)  Survival rate( %)
W% Glucose 15.3740. 02 40.3840.40"  162.79+2.92¢ 1.7340. 022 93,0840, 74
JEWE Sucrose 15. 5440, 09 45.9940.53> 195,891, 82" 1.9420.01" 92.7540. 38
WiAE Dextrin 15.4040. 09 46.60+0.35> 202,621, 68" 1.9820. 01" 91.92+0. 44
KEVEHT Tapioca starch 15.54-+0. 06 52. 7440, 04¢ 239.33+1.23¢ 2.18+0.02¢ 92.2540.52
4 G UEHK Potato starch 15.524-0. 05 53.3540.17¢  243.834+0.90¢ 2.2140.01¢ 91.7540. 25
EKiE# Corn starch 15.5840. 04 54, 15+1.02¢ 247,465, 76¢ 2.2240. 04¢ 93.17+0. 44
WAL EKTER  Gelatinized corn starch 15.4040.09 58.9340.18¢  282.6842, 914 2.40+0.014 93.3340. 36
ANOVA?
F{i F Value 1.737 11.636 12. 818 15. 864 1.828
P P Value 0.191 0. 000 0. 000 0. 000 0.16

e RP TS EAER 3 A EE AT IE AR R RIZVEEE LR R R [ 3 22 ) 2R 778 10 3 25 5 (P<<0. 05) .2 AVOVA . FLIRIZR I 25 4300
Notes:! Values are means of three replicates. Values in each column with different superscripts are significantly different ( P<Z0.05).

2One-way analysis of variance

N 2 T AN TRDRE ISR T A% A HUHME H ) 1 AR E A KR B 2 e (P<0. 05) . Hroli Ak £ oK T
o1 T R E AR KRR R 282. 68 %M 2. 40 % /d, i 3 T HOMUOBE R 40 ( P<Z0. 05) , 7 28 i 4 184 R K
VR E AR KRB AT HARBE IR (P<<0. 05) s KRB ER . L UM S EXREMHAL R EEER BRERST
FEWE RS B2 #0755 (P<<0. 05) . RWITE 7 Fl 520 W5 U v o B Ak = oK U2 M X 5 A% B2 el e g 12 2F R RIOCR Bk
FoR R H R OR TE A T UE R K S RS | R R N R A 0 R e T 35.2206,38..8500,43. 35,
80. 0626 .86. 79 %6 F1 119. 89 %6 , K £ K F L FORVE N « - T V&M A Ve Hy WIRS L R WE FAS 2 4 il B = T
0.18%/d.0.19%/d.0.22%/d.0.42%/d.0. 46 % /d 1 0. 67 % /d.,
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A8 Ah PR BTG R I AE 91, 75 %0 ~93. 33 % Z 8]« Go i1 40 #1  7 o A [) B VR X O A% R LR B B A T SR 5
AEFE(P>0.05),

2.2 AEHERXS 7% E B B EH R AR

F 3 ARMEIRR5HE B R A R R CF I T AR EDD!

Table 3 Effects of dietary carbohydrate source on body composition of S. nudus (Mean=+S, E,)!

Wi CBH source Koy AN HLRE Wi ¥ix
Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
%W Glucose 79. 0540, 10" 14.1140. 042 0.5120. 02 3.6420. 04
JEME  Sucrose 78.160. 13 14. 360, 04ebe 0.58%£0.02 3.6320.06
WK Dextrin 78. 3440, 15 14,2940, 08 0.5540.01 3.6740.06
ABEJEFR Tapioca starch 78.51+0, 38 14.56+0. 10b¢ 0.5540.02 3.65+0.03
4 G UEH# Potato starch 77.5140. 142 14.47+0. 09% 0.53+0.02 3.6040.05
EKyEH Corn starch 78.09+0, 28 14. 6440. 05¢ 0.54740.02 3.49+0.03
WAL EKIER  Gelatinized corn starch 77.9870. 37 15. 15320, 044 0.5440.01 3.5340.01

ANOVA?
F {4 F Value 3.764 5. 844 1.782 1.075
P {4 P Value 0.019 0. 004 0.181 0.415

Wt RPPTAEIR R 3 A EE T HE bR R RSB AR BN W) 2 8] RS A7 AE 3 22 57 (P<<0. 05) .2 AVOVA ¢ BRI R J5 25017
Notes:! Values are means of three replicates. Values in each column with different superscripts are significantly different (P<Z0. 05).

2One-way analysis of variance

M3 AT A [ X A A2 e ) A K 23 FIRRL 3R 1 & B2 2 35 RS2 0 (P <20, 05) , e, 4 76 Bl 4k
ZHT7 % A HURE HORG A OK 23 5 i e s FLR T R B (P<C0. 05)  HAh 4% 52 56 41 92 55 O T 3 5 ol 7 B A
TR 7 M A HORE A O B 1 B A A A T A S AR AL T A 4 (P <<0. 05) 0 A [l M U0 AfE A2 L Y 1
R 5 5 8 S W o3 3 8 A B35 B2 R (P=>0. 05) .

3 Wit

3.1 ARPARERERNATEERBERE KNI

IK 7 S ) A R REAS (EL 32 ARk v W 7S 4 52 ) () gt 52 4 ) rhotfi e I Y 52 e (Rosas e al. 2001)
AW FE T FH A AE 2t 2 56 )Rk 2 A A Al 2 O v A LU 7 A TRDBE JE L DR TIE A% Ak R 2B K P — 2,
W AT DA A Rk e AN [ A R A e R R A K 2 S iy R BRI, A A R R R 2 B 2R KA T
FFHZAL T /N T8 (Shiau et al.  1995; Hutchins ez al. 1998), Hutchins Z8 (1998) 7E X 42 38 45 &0 #fi 4 101
(Morone chrysops ¥ X M. saxatilis § ) FRIFFE A B, 3 WRASIRS 1 iy T Rbo 1 i) 552 56 2 i) 3 o A0 L #5 MR A
A AR S MR ) SE G 20 B8 B OR . Niu 55 (2012) ZEWF 5 BT XTUF Penaeus monodon B8 & B, X MR XF /N 22 ¢
A3 1) 1) i 2R B v T A e L S LAY 2 SR R AR R BRAE B A Cy prinus carpio (Furuichi et al.  1982) Fl )5 BE %R
IR Babylonia areolate RN AF  2009) (YBFFE T . ASBIESE b 40 Al 5 K T My 2 D7 A 2 o AfE e i) 34 o 30 R R
FEAERK RS R EERA . OIS FOKIEMA T R E IS 0 T RO A WK 2 S A
[FIAEIESE T HE R HO0 R 7 BB R A O0 T/ o 0B . # IR AN T /K B TE b 76 s il IR Ik L 20 3O il 1y
SRR VA VR R  BR O TE R ORI A . TE SRR X SR A A 2 BRI R I X K GE K AT UM L RE i % R
B T Silurus meridionalis Chen(fP 855 2005) M GE B Sparus latus $h A (RI/NGEE 2006 % E 2K
TER BRI X AN 45 A — 3,

1 20 0 2 A R R AR AT BB AE T WS D 18T, — 2 AR 22 Bl W 6] A 2 1% it 2 A ARG, pl T RSk r i 2 B IR PR
P v I L 38R 2 kAR K v R — o 1Y) BT 5 W (Harmon et al. 1991) . 1 K 4> F 4 75 20815 5 fa ik
P AR DG Y T K i G i Y K i 22 S A RE Rt A W, DT SE 2 T W WG B (Deng ez al. 2001) 3 HLR 43
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T WYX A S AR SR A v BE AR M 2K A K T (Tung ez al. 1991), [R]BH, 3X 260 7] B J2 & Sl HE 2
B R A> T BB A OC T/ 70 TR A SRR 02 SO I Wi b, 33k AT BB 2 3 As L ¥ Hh ) 0 7 0 A 400 L B AT
ROFIH Z st Bt R Ah 1 IR ZK 7= sh W R0 Hh A A AR i sz, Bl T HR B R r WA L. HAjJE
VAT HE B2 HOAR P LW 25 1) B AH DG AN REAfE HE R IR S ARSI X R IR . A A IS o A T OK T R 20
8w AR S AR R A R 1 L TR AT BEAE T V€ R W A ok AR R A8 T A R 2 R TR DA T AR o U A 1 R T R B
B DR 5 v (8 G A Tl ) PR, O 4 T Ve R S A BE R (Hofer ez al. 1985),

SR o AN 5] A 4 ) FH sk v S [R) R 5 8 L 1 A i 22 L JF RS 2 A sl 0 %k K 4 - ) R D 38 s 1 /N F
FRRE . H b R R BRI L Chinook salmon 345 B9 /N 73 7 B A1) JH 28 L6 R 43 1 W B2 4 (Buhler ez al.
1961) ; BETT XHER S /N VE My A EEBE I R FH R LB FE2Z B (Niu et al.  2012) ;T2 580 Carassius auratus var.
Pengze 45 1K IR 32 AaDBRE U5 A Fh 28 028 B 52 M) (BE A 05 55 2010) o ASBIF5E X8 A [) M 9500 7 s A e A L /2
A BE A9 52 Wi ML ) A 1 E— 2D 05T .

3.2 fARR A EEEXT 7748 2 R R R AR R

FAE 1994 4F, Brauge 55 (1994) MBI 588 & B, W88 Oncorhynchus mykiss 765 AW R P B 2 )5, 23
A —HB 435 A A T 7 ROBE D I A7 A6 O e 7 R U HOBE R B v U s R AR UE H BE LR K A B i
(Hutchins er al.  1998) . FfiJ& Kk 2% 5 W50 & B, & 7 [RHE R 1) G0 8] 5 20 400 10 A 2 B ) 56 il B e 5 2
SEH R RN SR A IR — i W25 5 . ARSI A5 SR L LA 4 W 1R W U Y R A A% AL HURE L, K 4
TR WS T L TIER AL A A A A 2 (R) 2 SO G H 2 5 R O AN [ B R R 2% 3 A B B 4 £
(Hutchins et al. 1998) FIE B8 Platichthys stellatus (Lee et al.  2004) 444 7K 43 40 1% A9 22 56 v .45 B AH
IR 25 . AT, AN TR) AR 5000 HE 2 HORE 2 1 5 o 5 i) I DA 0 2 e R W AEC T RBORG 2 RN RE A 2 L 8 IR
TR Ak B AR KAk VE By 21 7 RIVRE B A () A B 11 B ik B B B 0 R A B RO BS Jn. 7E X 4 58 2k B I R 1 0 Y
rf R 2 R RS AT AR R IR T A AR A R A JE A MR TR 4] (Hutchins er al. 1998) ; BETT X 4
S WAL R AR T LA /DN 22 38 0 4L 5 o i e o TRIDORG 2 B 3B (IR T I A A AL BR A (Niu ez al. 2012) , AFEUESE T
R G352 0 2 A AR 2 B b B T BT Y e TN PR AL, A S [RDRE R X A% AR RURE SR B (AR R D i
KR 53 55 B WY 52 0 G I 2 28 S X P B 42 TR R AR A 24 B X B 56 I X BF Penaeus vannamei (35 155
2005) (AR ET Acipenser sinensis i (J& & 2006) 5256 J 45 B ELIIE .

B 1S 77 68 ] 2 B ekt b B 1T AR RE T AE R R B8 1S LR DR R P E AR RE A S S 6 ok R
AR R . A PRSBG0S 50 4 0 9 Ak B T L A 5 A IR 2 2 AR 1 I S IR T A A
2 L 3K T BB S AT FY o R A AR AR AR R T BRI . R SR TRDRLE R X O A B ORE AOK o R AR
AW E o, H R R BT BB T K A K A B A R AR O L ) i, A o IR ) B AT LA EL F Ak
(Hemre ez al.  1995) , [, 1 AN B8 AAASBIF 52 b4t O T BB U5 0 o 4K oy AR 25 ) 9 W A6 4508

4 NG

TEAWEFEAAE T AL K TE by X 5 i 2 Rt ) 1 A A P i I 3 5 2 T 20 7 28 (e ) B )
RE 7 2 35 0 T XOHE CREWED 1 OB R 4 )

& % X M

fTtE, /A2, 2005, GEPEHR K AL 45 Pk P X R 7 Bl AR I B RE . K AR AR A4, 29(4) £ 393-398

BRE, LR, s, £ OE. A LD, . 1990, TETE T 2 BUR (2 RS T D BB, SRR, 20(D) : 93-99

F . 1999, GBI B BV R IR K E. TR, 6(3): 222-226

SNGy s KK HEE . R, B 7E, 2007, T8 60 4 0 X LAOR B0 R L. K7 2240, 31(4) : 463-471

SREEAN, 2 B, OBEHE, AR 2008, Jr A R HUE IR AT BBORE SR IAESE. B SRS, 30(3) . 318-320

skOF. EITF. EXIF. % M. EOW. 2010, GRDRL IR U K O D7 i R SRURE HAE M B L AR 2 B T A T P PR R . Rl B O R
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