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3 3 E PRI, 5 R SRS R 5 S 4 2 K R RE ) B AL R 52 411

BRI, 10 g LA MOIHIZ 412 30 3, LR
FEVRS 0 1 W 1 TG 49 4 4 5028 0 B £ A IR 28
(USP35 BE 25 9%, 4 Jif > 99.9% ), % % W) Kk %
a0 R B I T B R R R
£ 439.67% . 43RILL0.1.00% 2.00% .3.00% il
4.00% ff U BCH AR5 LR AR A s

R & R 29 20% 11 5 Fh 52 56 48R}, A 44 K
D1.D2.D3 D4 .D5 (3£ 1) o [A 74 5O} ok i i
200 H 4 v G , 45 B LU RR T 0 AR i £ 3k K0 B
ZRARAIR 2, /I 2 0K AR L B 1 ML ) B AR A
0.3 cm [y URL, 60 CHET, F/INEL B 65 LA 68 , O
TR E 7 80 ~ 100 H = 8] ) BURL 75 1

F1 IRBAEABBEATRERES

Tab.1 Formulation and proximate composition of the experimental diets %
Tk 4154 groups

ingredients D1 D2 D3 D4 D5
W#F e sea mud 35 34 33 32 31
A JJEAE 4 B2 coated arginie 0 1 2 3 4
fa 3yl fish oil 1 1 1 1 1
g phospholipid 1 1 1 1 1
2 Z WIR K vitamin premix® 2 2 2 2 2
B4 JF 157K B} mineral premix® 1 1 1 1 1
H ¥ others® 60 60 60 60 60
411 total 100 100 100 100 100
EFB 4 (FE) proximate composition( DM )
# 5 H crude protein 20.52 20.96 21.38 21.83 22.29
MLIE WG crude lipid 3.97 4.01 3.94 4.03 4.07
1K 43 crude ash 43.44 42.89 41.37 40. 81 40.26
AEHL/(kJ/g) gross energy 10.23 10.33 10.43 10.52 10. 62
K& iR Arg 0.32 0.73 1.16 1.61 1.99

T i B R R BUR KT 7 2% F R b, k) 10%

S KEWAEN 10% , 2K 15% 858 5% , B 10%

Notes:a. formulas of vitamins and minerals are the same as Wang J Y, et al'') ;b. fish meal 10% , soy protein concentrated 10% , soy meal

15% ,shrimp powder 5% ;wheat meal 10%

1.2 XWASRKRIRNERE

T HH S50 AE 1L AR A8 T PR B R S IR B 5 B AR
B S A PR K SR R G AT, S5 A 0
P20 B AR TE SR LKA R A A . L8R
i, 1 000K T 5 9 g 2245 A W 2 4 2l 5k T
FROH RGeS N SR A . 21 d S5, Pk
JAR ST R RIRIER 4 2 450 % BENL T3 & T
1S D EFKAR (@ 65 cm x 80 cm) H, T A Ji & ¥
ZFPE 14 KR 60 cm, K i i# 2 L/min,
BERALME 1K (16:00) , £ W 5 4 15 Rl 2 ) 1f 15
JoT 5 1) 3% |, FADREHEC M A G B K R TR R
MR KOS I S R S 00, PR B H i i
SEUG A, BERE 2 RAG K 1 U, K IRE P I iR
R ZEM M . AEBR 15 d i S IR E 1 IR,
FREE WA, 5 K IR 19 ~ 21 €L 48 30,D0 > 7
mg/L, &% <0.05 mg/L, SZEA}[E A 2013 4 8
H2H—9 H30H,360d,
1.3 H#mX&E5HE

FEIH S I A5 N IS 4R 48 h 05 I = 4

P B, OCE TR IR IR AR b R A AR AT R
JEPREE AR JE BERLIE IR 15 Sk, I & 1A K R4 BT
T R SR AR R BE | 3 R A R, ) O RE
o 3 A, TE B R R E A KR AR
A E A B NG R ERE L BE b K K
FU o R P R 75 i 4 L 1 5 ASCRIE A S 3 0. 45
pm JE L 38 0. 75 % A= R K oh vk T, 5 1Ak
BE—RE T -20 CLRA7E, FFI,

I F >% (weight gain rate, WGR,% ) = (W, -
W,) /W, x 100;

i 4 K & (specific growth rate,SGR,% /d) =
(InW, —InW,)/d x 100;

1A} 22 %4 ( feed conversion ratio, FCR) = F/
(W, =Wy);

H H OB A #F ( protein
PER,% ) = (W, -W,)/(CP, xF) ;

1715 & (survival rate, SR, % ) = 57 I 45 o8 it
SR/ TR TT IR 24 < 100

JI B¥ L ( ratio of visceral weight to body wall

efficiency ratio,
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412 Koo

¥R

39 %

weight, VBR, % ) = W,/ W, x 100;

Ji7 B kb (ratio of intestine weight to body wall
weight,IBR,% ) = W./W, x 100;

K . (ratio of intestine length to body
length ,IBL) =L,/L,;
Ao, W R BT, W, B0 46 R T i, d S 52
BREGF MR E,CP, B EA S ®E,W,
W NEE B, W, iR BE R R, W, O g 0B E R L,
HIBERE, L, K
1.4 #HmillE

TADRL K A4 BE HK 43 ] 105 CE H L 5 , HLZR
F 7 1 il Dumas A 4£g7% (Leco,FP-528 ) , #LJlig i ]
CRER AL ZE , FLK 53 5 35 e g 68 325 0 7€ , RE
A AR BE Tk (PARR 6100 ) I 7 ; A BE iR 7K fift
J& 2 BE(E 1200 251 HPLC I & 2 JE TR 5 22 il
1% FH Rt A AR ) AR A T i) D

AT W e S AL ) 5 B T ( total superoxide
dismutase , T-SOD) | M 37¢ %A 4k fE /7 (total antioxidant
capacity , T-AOC) . — & k. & (nitric oxide,NO) f —
AL A S B (nitric oxide synthase ,NOS) 3%
H A A ) AR i A

125 JE W HP AR e B B2 B ( alkaline phosphatase,
AKP) , & N # & [iff ( alanine aminotransferase,
ALT) J 4 ¥ % % i ( asparate aminotransferase,
AST) K 1A= A 73 #r A% ( Hitachi, 7020 ) ] 7€ , 35057
W T b 5 R 4 A AR A B A BR A F o

R2 ARBEEBNARNSHSERERREEEER

Ji 38R 9B P SR A S O kiR I, R
i ( protease ) {if J >k FI A& AR B J7 35 &€ , 7& pH
8.0,50 CH&ATN, o/ il B A A 1 pg
i SRR 1 1 B 1 o Dy — S BN R (U
£ 4 F i (cellulase ) I J7 5% Aok SCHE45 ) Jy vl
JELTEpH 7.0,30 CHAF , Bor st 4 R 4E
B mg AR E R B R 1 SRS )
B2 (U) 5 ek il (amylase ) K i 7 i ( lipase ) 3
71K B mCHE B W TR 5 PR R S
1.5 #HESIT

ST B 45 80 P8 2% F Microsoft Excel 2007 K&
SPSS® (SPSS, Inc, Chicago, IL) 11. 0 % {4 # 47 2
K% J5 22 43 HT (One-Way ANOVA) , 45 3L LAV 2
B + #5 fE 2% (mean + SD) KR, ZHF W& (P <
0.05) i} il Duncan [ 3e #5472 8 HL B 04T 6

2 4

21 REaBuARSEREREREEERDY
A

TP RS R 7 X 2% 21005 R 2 s A0 3
SR {ELRE 5K R B A3 0, S 3 41005 ) 2 4
o JEER RE A KR LR B RACR I R T
JG R S, IR TE D4 IR B i (H, B m T
A4 (P <0.05) (% 2), D3 .D4 [ DS 24 ) #l
ZNERELL W BE L KA K I 5K T DI 5 D2 4
(P<0.05) fH3 HZEZERAEH(P>0.05),

kA

Tab.2 Effects of dietary arginine on growth performance and

figure indices of sea cucumber A. japonicus juveniles n =15
T B AE & B2 K/ % dietary arginine levels
0.32(Dl1) 0.73(D2) 1.16(D3) 1.61(D4) 1.99(D5)
WA T i/ g initial body weight 9.12+0.08 9.05 +0.06 9.11 +0.08 9.10 +0.04 9.11 £0.09
KA JF &/ ¢ final body weight 13.80 +0.30° 16.12 +0.28° 19.51 £0.51°¢ 21.41 +0.58¢ 18.85 +0.69°¢
WE /g WG 4.68 +0.23° 7.07 £0.25° 10.40 +0.48° 12.31 £0.55¢ 9.74 £0.60°
B % /% WGR 51.32 £2.11° 78.08 £2.78" 114.08 +4.83°¢ 135.3 +5.64¢ 106.88 +5.53¢
FEE 4 K% /% /d SGR 0.69 +0.03" 0.96 +0.03° 1.27 £0.04°¢ 1.42 +0.04¢ 1.21 £0.05°¢
/g feed amount 900. 00 900. 00 900. 00 874.00 874.00
K #} Z % FCR 6.42 +0.30¢ 4.24 +0.16° 2.88 +0.14° 2.38 +0.12° 3.00 £0.19°
HEE %/ % PER 78.94 +3.86" 117.25 +4.25° 168.54 £7.66° 200.95 £8.95¢ 155.48 +8.54¢
MEBELL/% VBR 18.43 +0.93" 17.4 £0.7™ 16.5 +0.98" 15.83 £0.7° 16.57 +0.71°
W RELL/ % IBR 4.64 +0.38° 4.44 £0.27° 3.59 +0.35° 3.08 £0.48* 3.67 £0.31°
% & It IBL 4.24 +0.14° 3.96 £0.19™ 3.87 £0.19° 3.64 £0.12° 3.70 £0.19*
JRTEH/ % SR 86.67 +8.81 81.11 +8.38 82.22 +7.69 88.89 £7.70 83.33 +8.81

TR AT EARM NS PRI TR FRRER AR E (P >0.05)  AF/NG FRFERZS B (P <0.05) , F KA

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

small letter superscripts mean significant differences( P <0.05). The same as the following
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43 3 LA 3G H R RDR R BOR E MM R R, 4
UCHT R [T L4 (A TR 9. 10 g (1005 30 2 1 B A
SRS SR 1. 55% fa bk (7. 10% fi) B KL &
F) 1 1.54% (7.05% kA E) (B 1),

AR &8 W E I 10702 I B T E R
U AR A (P <0.05) (R 4) .

o FFR WGR
AR RE FCR

]60 _ Yw(j|{:_50.62XArg2+l57.4XArg_0.565 - 7
3 N A op=1.55,R=0.95

2.2 BEBRNARSERERESIREERS Lo o 16 2
= < 120 ] s &
ENF I §§ 100 | i;g
Ao ks A= gy i [ Y 2 ] A S L 2
PR R T O S g ey £ 3w 1383
= N AN =R £ I _ % §
(P <0.05), B8k THL K& H# (P <0.05), 2 ;g N 2688 A 8T8 T E g
Tl I AR SR 5 8 W75 3R 2 AR BE AR 3 KM 105 &5 1 o Xop=1.54,R=099 ) £

0.2 0.7 1.2 1.7 2.2

AR ZE(P>0.05)(£3).
TRDRRS 2R 5 1 25 4R 1 O S B R &
BIR AR LRR HRAR KAR H AR T

PR R ER SR %
dietary arginine levels

o ) e v e e A A B1 AREEBRMAHASHSEERMENRBNZMm
2 AL R R W E R MR R R (P < Fig.1 Relationships between weight gain rate( WGR) or

0.05) , FEAIK T # & R & 1 (P <0.05) , {H 2 XN
R e~ e A R & TG W (P >0.05) s 4k

feed conversion ratio( FCR) and dietary arginine
levels in juvenile sea cucumber A. japonicus

based on quadratic regression analysis

R3 ANBERMHNSHSGRERRSHZM

Tab.3 Effects of dietary arginine on approximate composition of

body wall of sea cucumber A. japonicus juveniles n=6
TR KSR /K /% dietary arginine levels
0.32(D1) 0.73(D2) 1.16(D3) 1.61(D4) 1.99(D5)
7K 4% moisture 91.81 £0.63 91.82 £0.57 91.93 £0.77 92.41 £0.48 92.06 +0.21
A [ crude protein® 43.13 +0.64° 44.51 +0.41° 45.97 £0.04°¢ 46.33 £0.23°¢ 46.84 +0.28¢
HLAG I crude lipid® 2.06 +0.45 2.28 +0.56 2.42+0.71 2.03 £0.43 2.44 £0.17
MUK 4y crude ash® 34.78 £1.84° 34.25 £0.87% 33.07 £1.57° 33.06 £1.54° 33.63 +0.79%

T M B HUIR DT LK 23 &5 o T2 5

Notes:a. contents of crude protein,crude lipid and crude ash are based on dry basis

R4 ANBERMHANEHSEREERSENZT

Tab.4 Effects of dietary arginine on amino acid contents of

body wall of sea cucumber A. japonicus juveniles mg/kg,n =3
) B R /K F-/ % dietary arginine levels
0.32(Dl1) 0.73(D2) 1.16(D3) 1.61(D4) 1.99(D5)

KE&HR Asp 35.46 +0.52° 38.09 +1.52° 37.90 +1.13° 41.61 +1.53° 40.89 +0.82°
HHAM Glu 66.60 +2.89° 66.54 £0.97° 68.46 £4.97 68.76 £0.73° 70.94 £0.99°¢
22 5% Ser 17.18 +1.91* 18.57 £0.96° 16.21 +0. 46" 17.27 £1.16™ 18.72 £0.32°
FE R Thr 16.17 £1.01° 17.45 +0. 86" 16.57 £3.60" 19.21 +1.22° 17.37 +0.29°
A E R Arg 33.02 £1.25° 34.76 £0.96* 35.88 +1.36" 37.71 £1.12° 37.22 +1.45°
H & R Gly 41.16 +2.52° 42.24 +3.46™ 44.31 £1.31% 46.23 £1.59° 44,16 £1.41™
W4 R Ala 21.09 £1.00 21.48 £0.72 22.16 £0.94 21.69 £1.21 22.73 £0.78
i % % Pro 12.33 £0.60 13.23 +1.26 12.84 +0.64 12.85 +1.54 13.56 +0.31
MR Val 18.05 +0.72 19.43 +1.59 19.23 +1.94 20.25 £1.11 20.76 +2.23
% 1% Met 6.60 =0.08 6.96 +0.91 6.49 +0.44 6.09 +0.96 6.49 +0.93
SR e 12.78 £0.29 14.16 =1.00 14.28 =0.41 14.24 +1.24 14.63 £0.43
AR Leu 19.29 +0.21° 20.34 £0.45* 21.15+0.70° 20.21 £1.43* 21.19 £1.06"
HN 4R Phe 12.70 £0.15 13.85+0.93 13.87 20.22 14.26 =1.85 14.27 £0.52

http: // www.
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414 Ko 39 %
xS
T RS E PR K/ % dietary arginine levels
0.32(D1) 0.73(D2) 1.16(D3) 1.61(D4) 1.99(D5)

I R Cys 4.06 +0.32 3.93+0.72 3.97+1.09 5.08 +0.85 3.98 +0.51
MR Lys 18.76 £0.62° 18.31 £0.43" 17.72 £0.76° 15.54 =1.14° 16.43 £0.99°
2% R His 4.12 £0.52° 5.24 £0.76% 5.09 +0.78™ 6.56 +1.14° 5.99 +0.55°
& R Tyr 10.78 +0.32° 10.93 +0.81° 10.72 +1.57° 11.33 £0.95% 13.02 £0.81°
B A AR Hyp 25.64 £1.75° 30.27 £1.85° 36.61 £1.94° 39.48 £1.27°¢ 40.55 +2.04°
DTS IR EAA 141.49 +3.29* 149.55 +3.42° 149.28 +1.50° 151.41 +5.20°¢ 153.35 +3.27°¢
MR TAA 375.79 +10.09° 394.84 +5.32° 402.48 £4.95° 415.73 £8.42° 421.89 £6.94°¢

2.3 RBEEBEXGRSEREEEENDNEm

B & B RE 2 R O o 0BG A VR P T-
SOD ,T-AOC .NO ,NOS .AKP ALT % AST j§ Jy
BB A (P <0.05)(5£5), H,D3 D4,
D5 4 T-SOD i Jj B %% T D1 4 (P <0.05) ,{H
5Dy tEEES(P>0.05);D4 D5 4] T-
AOC &2 T HAh 3 41,D2 . D3 41 8 % = F DI
ZH(P <0.05);NO J NOS [ifi & 17l B} ¥ 2 B2 % &=
H) Tt i 10 3% B Tt (P <0.05) , IF7E DS 21 3k 31 5
KAA ; AKP J5 J) 5258 b I+ G A iy #a 44, D3 D4 |
D5 35 &= T D1 41;D1 41 ALT K AST 1%
J1 B 2L F D4 D5 41 (P <0.05),{H5 D2 D3

HZ M IR E 25 (P <0.05),
2.4 BB RS EEELEE NN
TRDRIRS R 5 AR T 05 0 2 M 18 8
J1(P<0.05) f2 & [ 2P 4E R BTG J1 (P <0.05),
1139 A58 TR 0 07 05 T3 AN 32 AR RERG 28R 5 42 1Y 52
Wi (P >0.05) (% 6) . fiHl 2 iE & [ iS5
TRPRG R B A IR R SRR (Ve
= —3.228Xjum + 2. 865X, + 26. 24, R' =
0.934) (181 2) ;D3 D4 I DS 2 £} 4 K i % J1 .
EZET DI FID24H(P<0.05),D1 D2 H2 a2
FAEFE(P>0.05),

£S5 ARBERIGRSLHSEEREEHHRM

Tab.5 Effects of dietary arginine on enzyme activities of coelomic fluid of

sea cucumber A. japonicus juveniles n=6
1A R KE Z R K-/ % dietary arginine levels
0.32(D1) 0.73(D2) 1.16(D3) 1.61(D4) 1.99(D5)
BB S B LB/ (U/mL) T-SOD 62.82 +2.84° 65.61 £3.79™ 69.01 £2.57° 69.63 +1.91° 69.94 £3.65°
My ALAR J1/(U/mL) T-AOC 6.66 +0.49*  13.44 +1.27° 14.18 £1.35° 17.51 £1.20° 17.64 +1.43°
— %A/ (pmol/mL) NO 5.95+0.08" 6.57 +0.16° 7.75 +0.60° 9.47 +0.32¢ 10.95 +0.22°
— 4L E A R/ (U/mL) NOS 21.59 +4.82*° 36.93 £2.18° 54.55 +3.21°¢ 69.31 £8.04¢ 95.55 +4.27°¢
B EBERR A/ (U/mL) AKP 2.34 +0.58" 4.33 +0.58° 5.67 +1.15% 6.67 £1.15°¢ 6.33 £1.15°¢
AW A/ (U/mL) ALT 4.20 £0.36" 4.63 £0.32% 4.77 £0.31% 5.13 0. 64° 5.3720.47°
BB/ (U/mL) AST 4.43 +0.58° 5.10 £0.62% 5.47 +0.57™ 6.23 +0.76° 5.90 +0.32°
F6 ERBEBNARSHSHERNETEINIE
Tab.6 Effects of dietary arginine on digestive enzyme activities of
intestine of sea cucumber A. japonicus juveniles n=6
i BG4 B2 K-/ % dietary arginine levels
0.32(Dl1) 0.73(D2) 1.16(D3) 1.61(D4) 1.99(D5)
1/ (U/mg prot) protease 26.36 +1.85° 27.89 £2.51° 24.19 £2.49° 22.63 £1.84° 19.27 £2.95*
VEN i/ (U/mg prot) amylase 6.63 +£0.26 6.83 +0.38 6.76 +0.41 7.17 £0.55 6.98 +0.36
JI§ Wi/ (U/mg prot) lipase 0.74 +0.10 0.86 +0.09 0.78 +0.05 0.87 +0.13 0.81 +0.08
27 4 2 i/ (U/mg prot) cellulase 0.75 +0.57* 1.29 £0.42° 1.58 £0.29° 1.85 +0.44° 1.96 +0.73°

http : // www. scxuebao. cn
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3

= 30r

g A

g 25t A

22 A

~ 220+

Rz Yasin=3.228 s t2. 86 X+ 26.24

§ 15+ R=0.934

i

P{lﬂ{ 10 L L L )
0.2 0.7 12 1.7 22

FEBRE R/ %

dietary arginine levela

B2 HAHBERMNSHEEAEENHHIE
Fig.2 Relationship between protease activities and
dietary arginine levels( % ) in juvenile sea cucumber

A. japonicus based on quadratic regression analysis

3 g
3.1 BB RIMBEEBRMARSERRERS
skl

KTHARREDYAERKN R WIRIECT H
RZ K2R AT NI E 40 B 5y F /K7 b5 i
YK KA EAKAR . ALK,
IR K 2R 4 075 0 2 B AT H B AR 3 ) 5500
LG Wl A R RS AR A RS, 05 R 2 1Y
KRGS TR ERGE, X 5E-LaK E
OIS AL (B 2 R R RS R R S R R
E— 20 5w, AN R K AR Sl W 3 B O T /Y AR
KW v, P Ak 4% BE % ( Eriochier sinensis) ™ |k
3% #F ( Scophthalmus maximus )", % # fa
(Rachycentron canadum) ™' % F2 30 H A K M Rg [
16, T 48 K BR WS 481 ( Oncorhynchus kisutch)''® | BE
= ( Ictalurus punctatus ), 21 | £ 1§ fa
(Sciaenops ocellata) ™" % 2 30 Jy 4 45 1 K M 6E
X R 3 RS2 O DR & R KT
FUHT B0 4 2R i SR W 5% 22 O B DR 3800 52
T JBE 8 R /N R BE S el SE B S ) AR KR IE . NV
LT A 0 A, ARDRE P e ORI 1
SEFH YR FERRA AL e R B
AR ZI; @QFF A B . S50 TR A Y LAl
(RN S /- GO - ) .7/ B NN i 2 SO 1 1
B SR A A S R T 4 R AR 2
W IR R QSR FE B 1 A= S D) e . Lk £ 2 AR Y
FATEAE 5 T 5L 3 1 28 DAY RS IR & I A2 AL
AT LK IS R R R AL R AR T
P2 0 Lt 2 IS5 1 A= 9, AR AR T RE A A7
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