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P A 25 Oy T B A AR,
etk A S M"Y, AR B EAENLR IR AL,
JE A U BTG SOkt AT LA ) AR 5 R A
AL LA 2 B ™ DRk v s I i it i i
MR 5 8 1 A 2 R W O ] 25 S 5 3£ R 2 X6 i
BRI F SRR EZE A, X AR E 5
i T4 A 5 2 8 A AT il it A 2 R T 1 A FH AR
RU B RN, 52 2R e 05 Y 58 A1 Sk i) (Meg-
alobrama amblycephala) . Je% Z Ak (Oreochromis
niloticus)® . K& (Larimichthys crocea)®. =
R TH& (Portunus trituberculatus)” . B3 X} 4 (Pen-
aeus monodon)™ %5 K F= W) W) A Kk RE . PLA
b St d, I TN R R T oK i

{1i J1 2 (Apostichopus japonicus) J& T ik Jz 5
11"] (Echinodermata) 244 (Holothuroidea), #{%
RNz —, BARIFE & HMHE,
SR E N B i T A I K SR A A
XoF 05 il 2 S A A B R 1) B SR TR R AR, AR
SEPVHRE T OO S R R A 2 PR ) i T R
M52 2 B AE Ry S5k 2 FE R vh ol — 1 AL T 2 BE T
HXHFRIS AR . WA S R g 5% ma i F 5% i
K ILARE . BT RI S R B Gl T oK, X
ROl FR M . B AU LA DR B2 Y 4
TR L, AR S i R DR R IS A [
WSS R, RHEXFRZSg9SMAK . ik
il 1 M S A AR T s e, AT R 5 SRl A
e Ak 7 G B C R AR AR

1 MRS I7

1.1 SRR

ASZEG LIRS . SRR A e o B R,
L 3 A0 K 5 B0 i s by 32 s DR TR R
JF A 20.00% ., LRSI K 2.70% B LA RS 7,
16 LBk AR RE R 4 51038 0 0.00% ., 0.80% ., 1.60%.
2.40% . 3.20% Fl 4.00% FIFL =2 2R, Hic A 4a R
SRR GEIN 1.29%, 1.63%. 1.98%. 2.22%.
2.58% M1 2.97% K 6 4155 RS NG B SL IR RE, Ay
% 4 DICW B 4H), D2, D3, D4, D5 Ml D64
FE1, %£2).

SEUS T SR = e W A LA e AR R R
PR ] (21 =99%), B-FRRBIRG I B oM 48 2%
BV TAHRTHUERAF, SHRELFEE" NIk
X E BRI, BE AR ER T &N
h 48%., S5 Jr Y [ 4R J R 25 R 1OR) 5 S 2 200
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HARHED , HeBC 7 Be L FREE, A il J s 78
WK FE AR AT, FH/INBLSSURE AR RHBT AL ) B AR
7 0.20 cm. KN 0.30 em B TR, 60 °C 4ET,
FH/N AR WEAILRB B, 1 2 B 20~100 H 19 F0RL
%o

1.2 AXREERHEMRE

FREH BT AR AR TR BT IR S R R 5 e AR
B S B PR K FRAE R G b kAT, SEER ] Dy
2019 4F 11 A 6 HZE 20204 1 A 4 H, kit 60d.
SCE PRI Z 4120 B 1L R L IR R A BR A
Ao IESLEHT, BSOS E THRMAS T
FIX BRI IR 2 ), (R 24 h )5, Pkl
URHERDH: . (RN [(16.40 £ 0.14) g] BID5 IS4
2 450 L AL BCE] 18 B FR KA (hyy 80
cm, hy 65 cm, dg60 cm) ', FEAHKE 1 NS
FRAAE . AR BEALA R 3 A, B R E A
(16:00) M 1k, VIR E NITHZS42S
R Y 3%, BRMEHRIS e RS, R
RGO H R, &3 KoK 1k, #
TR R FEFE AT N KLY 172, K Bk FH 0 58
WACBR I M FEME M i, FRAE SR AT 1 D I
il SR E 1 OIS VR PR K AR . 7758 1
], PEHIKFHEL 2 Limin, 7K 13~17 °C, &
R4 & HE>6 mg/L, pH 7.5~8.2, £hJiF 28, HA .
MEAEREL & 1 <0.05 mg/L, Z N IRFREEHE

TP ARG, 15 24 h, K EAR Y05 R
SR IR B E IO SRR S 80, TR E
FFPEARKE . BIERE . BAREILEER 10 %
g2, ETaORES, FEHIER B RE R
Je, I AR R R T, SRS AR, WSO AR
Khpil, MaiAREE s &kpiEk, HTit
FrBE L S e o REEQRAE T-20 °C, A iE R
F£ T80 °C il ,
1.3 KNERS A

A% 3R (survival rate, SR, %) = N/N, x 100%;

4 H K (weight gain rate, WGR, %) = (W, ~W,)/
Wy x 100%;

A K & (specific growth rate, SGR, %/d) =
(InW—InWy)/t x 100%;

Ji7 BE HE (ratio of intestine weight to body wall
weight, IBR, %) = W,/ W,, x 100%;

MK L (ratio of intestine length to body length,
IBL) = L/L,
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x1 ARERREFER (RTEA

Tab.1 Composition and nutrient level of the experimental diets (air-dry basis)

5 groups

WiH items

D1 D2 D3 D4 D5 D6

EH/% ingredient
fif}  fish meal 7.00 7.00 7.00 7.00 7.00 7.00
Ky algae powder 30.00 30.00 30.00 30.00 30.00 30.00
TeEH1  peanut meal 5.00 5.00 5.00 5.00 5.00 5.00
4Ky wheat gluten 7.00 7.00 7.00 7.00 7.00 7.00
A HZEE  coated glycine 4.80 4.00 3.20 2.40 1.60 0.80
SRR coated leucine 0.00 0.80 1.60 2.40 3.20 4.00
YeE EHUREL  vitamins premix” 1.00 1.00 1.00 1.00 1.00 1.00
WY Rl minerals premix” 1.00 1.00 1.00 1.00 1.00 1.00
P antioxidant 0.10 0.10 0.10 0.10 0.10 0.10
iyl fish oil 1.00 1.00 1.00 1.00 1.00 1.00
KTUIBEME  soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
13 seamud 42.10 42.10 42.10 42.10 42.10 42.10
#it total 100.00 100.00 100.00 100.00 100.00 100.00

EFRAR (FHR) nutrient composition (dry matter basis)
FLEFR/%  crude protein 20.46 20.19 20.43 20.42 20.32 20.17
HNERI/%  crude lipid 2.75 2.73 2.63 2.72 2.68 2.66
FLA453/%  crude ash 53.87 53.81 55.11 54.48 55.41 54.52
fiem/(KJ/g) gross energy 7.90 7.95 7.96 8.02 8.13 8.21

e DY R TR BN mg/kg 38 IU/Kg 1R N4EAZEA 7 500.00 TU, 4E4=3D 1 500.00 IU, 4E423E 60.00 mg, 4E4:3K; 18.00 mg, 4EA4:%B,
12.00 mg, #4EA4%B, 12.00 mg, #E4#EB,0.10 mg, ZH2 48.00 mg, A 90.00 mg, ML 3.70 mg, D-EY)ZR 0.20 mg, MEMEEE 60.00 mg, 4
A FKC 310.00 mg; 2)F PRI RNmg/keg FED A £E 35.00 mg, % 21.00 mg, 4 8.30 mg, 2k 23.00 mg, %% 1.20 mg, il 1.00 mg, #fi 0.30 mg
Notes: 1) Vitamin premix(mg/kg or IU/kg diet) are vitamin A 7 500.00 IU, vitamin D 1 500.00 IU, vitamin E 60.00 mg, vitamin K5 18.00 mg, vitamin B,
12.00 mg, vitamin B, 12.00 mg, vitamin B}, 0.10 mg, pantothenate acid 48.00 mg, nicotinic acid 90.00 mg, folic acid 3.70 mg, D-biotin 0.20 mg,
pyridoxine 60.00 mg, vitamin C 310.00 mg; 2) mineral premix (mg/kg diet) are Zn 35.00 mg, Mn 21.00 mg, Cu 8.30 mg, Fe 23.00 mg, Co 1.20 mg, I,
1.00 mg, Se 0.30 mg

K, N T RISAARLE, N, RIS 06k
B, w0 S 4 K AR BT i (final body weight,
FBW)(g), W, A i il Z %] I 1A it & (initial body
weight, IBW)(g), ¢ AF5H S5 KEL (d), Wil
FEORIZIHIEE (g), W, WEHETISIAREE (g),
L, HIBFED RIS i K (em), Ly, MBS
K (ecm).

SRR K ) i S AR BE K S iR 105 °C
8 5L E (GB/T 6435—2014), HIEA RS EFR
FHYLICE ZUE 2 (GB/T 6432—2018), HLASWT &
R PR G L 2 (GB/T 6433—2006), HLUK
4% 2 &R 550 °C I 9 b K b vk @ (GB/T
6438—2007), 24 MR & 2 K R K ff 5 (GB/T
18246—2019) fifi FH 4> A h & SR I 2 1Y (Hitachi L-
8900, Japan) 7, )AL AR &R HIBRbE ik Al H &
AL (IKA, C6000, Germany) Jll5E

W38 TP UE K (amylase) . R (lipase). &
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M i (protease). M2 M 8% M2 M (acid phosphatase,
ACP)., Bl 1 #% 2 B (alkaline phosphatase, AKP),
4 B 2§ (asparate aminotransferase, AST). 7%
N2 (alanine aminotransferase, ALT). EH%E
AL BE /I (total antioxidant capacity, T-AOC), T %
AL Z i (catalase, CAT). N ¥ (malondialdehyde,
MDA) il # & b ¥ 1 fb i (superoxide dismutase,
SOD) 1 P34 iff T pg o i A ) T ARG T A 7 1Y)
R G HEA TIN5 bl G M R 2 R
iR E N
1.4 HURGIt o R

S B4 1 SPSS Statistics 17.0 i {3k 17 B
E 258 (One-Way ANOVA), JFH Duncan
SRS AT Z2 H LB, 24 P<0.05 I Kos BA
WEEES, G RATF I EREZE (mean +
SD) #n o RA—JC R IBH AT, B 1 il =
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Tab. 2

Amino acids composition of experimental diets (dry matter basis) %

25 groups

FIHEFR  amino acids

D1 D2 D3 D4 D5 D6
SCEM Leu 1.29 1.63 1.98 222 2.58 297
H%® Gly 3.13 2.97 2.52 2.18 1.73 133
REAMR  Asp 1.33 1.29 1.37 1.28 1.35 1.36
FER  Thr 0.66 0.67 0.69 0.64 0.66 0.67
YR Ser 0.82 0.85 0.86 0.84 0.84 0.86
BEE  Glu 3.86 4.01 4.17 4.00 4.08 4.09
W&  Ala 1.08 0.85 1.02 0.84 1.09 0.86
FPEEER  Cys 0.64 0.66 0.62 0.70 0.64 0.63
iR Val 0.69 0.74 0.75 0.73 0.71 0.75
HEM Met 0.27 0.22 0.14 0.32 0.20 0.09
FERR e 0.52 0.58 0.59 0.58 0.56 0.58
%% Tyr 0.89 0.93 0.87 0.90 0.87 0.88
HKNEIR Phe 1.19 1.20 121 1.20 1.21 1.22
R Lys 0.76 0.76 0.79 0.76 0.76 0.77
2R Pro 1.05 1.14 1.06 1.11 1.10 1.10
HEFR His 0.29 0.31 0.31 0.30 0.31 0.32
WER  Arg 0.88 0.92 0.93 0.91 0.91 0.90
SEAERR TAA 19.34 19.69 19.87 19.50 19.59 19.39

WS XS BRI BRE 7 R 700 2 1A BE (RLIR 7 % 2 12 3% T+ (P<0.05), 7E

) s D3 235 B i KA (5.50 +0.15)%, H &% TH

Zh

21 SEEMRISE KRR

A5 2 2 18] 1) TS R (SR) TG i 35 M 22
5 (P>0.05), RN 96.00%~98.67%; ik
IR 1.29% #2553 1.98%, TiHlZ415 1
&% (WGR) FlHE E 4= K % (SGR) 2 & Tt &
(P<0.05), TMikiE e @M St —F &, WGR
1 SGR BT #aH, WGR 7E D3 41k 3| H kK
{E 100.84%, D3. D4 #l D5 41 WGR & & & T ¢
ME4H (P<0.05), H 3 #HZEJCiE 2R (P>0.05),
S4B 7 RE b (IBR) A7 K b (IBL) Y70 i 25
5 (P>0.05)(F 3),

DIGE NI R bR, 4 —J0 kIR 53 Hr
B, RN (16.40 + 0.14) g B9 05 2 4 2%
T ek v AR 1) A T R A 2.11%(10.37% frl ek
HLAEE )& 1),

22 REEBRMARSFEEXEFESREE

el

Biti ) ) 2 R i N 1.29% 42 = F) 1.98%,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

4l (P<0.05), FfscZ MR & it — 4w, fifl
SR EERLIG 7 3 it 0 35 BRI (P<0.05); 45 4 IR /K
gy ME R MK & ®Y TR EEER
(P>0.05)(F 4),

Bl L R S R T, D RIS AR B
2 (Met) & & B 3 42 5 (P<0.05), {4 BE B & R
(Tyr). NZTR (Ala) FIfiiZ R (Pro) & it LT
Je FEAR B B (P<0.05), T AR TN 2 R A H & IR &2 5
WA JR THR 3 (P<0.05); 5 21 [H] 1A BE A 2 L 7R
ERICREEESR (P>0.05)(GE 5).

23 ZREMARSHERECERNEIEE
(<A

TR ss R SRR 2.22% MLV, il S
i TE Y o il TG S SRR R, M R
K F 2.97% B, YE G PE B PR AR (P<0.05),
D2. D3 Fl D4 413 ¥ il 16 M 2 35 = T D6 41 (P<
0.05); BETDRLE 2R & i 1.29% 25 21 1.98%,
15 900 2 I 38 R W7 Bl AR 1 O 0 B R S (P<
0.05), BEfREE MR & w ik — B m, N5 A
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Tab. 3 Effects of dietary leucine on growth performance and body index of A. japonicus
5 groups
WiH items
DI D2 D3 D4 D5 D6
WitH iR /g IBW 16.40+0.019 16.40+0.015 16.41+0.009 16.41+0.011 16.40+0.006 16.39+0.012
LR Rg FBW 31.05+0.43" 31.68+0.47" 32.95+0.66° 32.48+0.41% 32.15+0.67" 30.65+0.43%
WER/% WGR 89.3242.77" 93.18+2.90® 100.84+4.01° 97.91+2.39" 96.08+3.97* 86.99+2.97"
e E KR /(%/d) SGR 1.06+0.03° 1.10+0.02® 1.16£0.04° 1.14+0.02" 1.1240.04"™ 1.04+0.02®
JgBEEL/% IBR 5.73+0.39 5.65+0.50 5.83+0.35 5.77+0.42 5.81+0.42 5.78+0.54
Attt IBL 3.49+0.15 3.47+0.15 3.53+0.18 3.50£0.20 3.530.18 3.53£0.21
FRIEZE/Y% SR 96.00+4.00 97.33+4.62 97.33+4.62 96.00£6.93 98.67+2.31 96.00+4.00

W FATEARA R FAR e BEROR 2 7 3 (P<0.05), FIH

Notes: In the same row, different superscript letters represent significant differences (P<0.05), the same below

105 ¢
100
g 95}
g\c —
7@_ '§ 90 |
S
= g5 |
2 o
g 80|
= y=—15.843x>+66.802x+28.633
75 | R*=0.918 2, x,,=2.11
70 - - - - - -
1.0 1.4 1.8 2.2 2.6 3.0 34

AT A P %
dietary leucine levels
1 HRISEERSHANTERSENEANH
Fig. 1 Regression analysis between dietary leucine level

and weight gain rate of A. japonicus

T A R34 2 B AR (P<0.05), D3 4108 15 B G
P 5 2 T HAb4H (P<0.05), D2. D3 fll D4 4%
I M 2 2 s T A ZH (P<0.05)(% 6).

Tkl E R o e R 2.22% B, D2
i ACP HI AKP i P 45 41 7] G 8 3% 1 22 =% (P>
0.05), Hifit 2.22% fF, ACP Fl AKP {1 g &%
fik (P<0.05), ACP fil AKP {378 D3 414 fix K

i, D341 ACP {FtERZE =T D5, D6 41 (P<0.05),
D5, D6 4 AKP {if % i (% T HAth 4 (P<0.05);
Bt ()Rl S R A B N 1.29% 2 =5 3] 1.98%, AST.
ALT 1 T-AOC #HPERE TR (P<0.05), ##id 1.98%
J5, AST{EMEE T 52, M ALT #l T-AOC i
BRI (P<0.05), LU0 AST Gt & & T
Xt R 2 (P<0.05), D3 4 ALT 35 P & 3 i T Hofth
4H (P<0.05), D3 4 T-AOC {H M3 T D1. D2,
D5 I D6 41 (P<0.05); 44kl rea i & it h 2.22%
F, CAT Hi1 SOD {fitEA i KMA, D4 41 CAT itk
BE ST D3, DS 1 D6 4 (P<0.05), SOD jf i
FFT D1, D2 1 D6 4 (P<0.05); BElAHR 7R
S 1.29% 42 5 5 1.98%, MDA & & i %
fi§ (P<0.05), Y4428 & MR & & it 2.22% )=
MDA & i & T1 55 (P<0.05), D3 il D4 41 MDA
i EH LT HAL L (P<0.05)(3 6).

3 i
3.1 EEEMARISE KM

SRR YT BIERR , V25T
R, Tk b e e 2R T £ R K S Y

4 ZRENHRSHEERR SN
Tab.4  Effects of dietary leucine on approximate composition of body wall of A. japonicus %
HH|  groups
WiH  items
DI D2 D3 D4 D5 D6
/K4 moisture 91.88+0.39 92.16+0.28 91.54+0.36 92.25+0.14 92.1340.48 91.86+0.44
A A crude protein 44.61+£1.22 44.89+0.82 45.10£0.95 44.61+0.25 44.22+1.35 44.23+0.78
MW crude lipid 4.49+0.28° 4.89+0.37° 5.50£0.15° 4.18+0.03° 4.35£0.12° 421+0.13°
HHKSy  crude ash 32.36+0.52 32.39+0.89 30.49+1.58 32.20+0.36 32.72+1.77 32.67+1.32

e HURSY . RLE A BRHLIET & oA TR S &

Notes: The crude ash, crude protein and crude lipid contents of body wall are based on dry basis
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Tab. 5 Effects of dietary leucine on amino acid composition of body wall of A. japonicus %
_— H%|  groups
/8 1tems
D1 D2 D3 D4 D5 D6
R Arg 2.91+0.05" 2.99+0.07° 2.92+0.04° 2.95+0.06 3.00£0.02° 2.82+0.05°
MR His 0.62+0.02" 0.62+0.04" 0.60+0.06" 0.65£0.01° 0.62+0.01%° 0.60+0.02°
FEE  Thr 2.37+0.04 2.39+0.06 2.45+0.09 2.38+0.05 2.42+0.03 2.38+0.07
FEER e 1.28+0.05" 1.31£0.01™ 1.300.02" 1.310.04™ 1.33£0.02° 1.260.06"
TRIR  Leu 2.27+0.02° 2.30+0.03" 2.31£0.02° 2.32+0.01° 2.31£0.04" 2.32+0.02°
WA Lys 1.92+0.06 1.96+0.07 1.91+0.07 1.99+0.01 1.93+0.05 1.91+0.05
AR Val 1.89+0.07 1.96+0.02 1.93+0.06 1.96+0.02 1.97+0.05 1.88+0.06
FHMR Met 0.76+0.01° 0.850.06" 1.08+0.04 1.02+0.03° 1.02+0.05° 1.1120.01¢
AR Cys 1.55+0.01 1.610.05 1.58+0.09 1.63+0.03 1.65+0.09 1.58+0.04
HKINEM Phe 2.52+0.07 1.61+0.03° 2.04+0.03° 2.03+0.03° 1.61+0.06 2.28+0.09°
BEAR Glu 6.25+0.05™ 6.3240.14¢ 6.09+0.10° 6.23+0.02° 6.26+0.02" 6.24+0.03"
HA®R Gly 5.33+0.04™ 5.46+0.14° 5.11£0.12 5.26£0.05" 5.33+0.06™ 5.3420.10™
FREER  Tyr 2.14+0.08" 2.12+0.04® 2.23+0.08° 2.26+0.05 2.15+0.09® 2.06+0.08
REHAM  Asp 4.36+0.08" 4.46+0.11" 4.55+0.08" 4.46+0.08™ 4.47+0.05™ 4.40£0.10™
HEmR Ala 2.53+0.06° 2.63+0.06> 2.68+0.07° 2.59+0.05™ 2.56+0.02" 2.51+0.04*
JHi%® Pro 2.89+0.08° 3.0120.06° 2.76+0.07" 2.83+0.01™ 2.84+0.03" 2.70+0.06"
27 Ser 2.28+0.04° 2.32+0.02° 2.52+0.07° 2.26+0.05 2.25+0.03° 2.33+0.09"
BERR TAA 43.87+0.78 43.95+0.57 44.06+0.84 44.14+0.37 43.70+0.48 43.72+0.33

AR, ARSI, Bl RS R Y
1.29% $%] 1.98%, {7HRIZ41ZH) WGR #l SGR
B e, Mk e J R S A 1.98%
Hf, WGR A # i KAE 100.84%, 3% J2: K A Ak}
Bz E R, AR, RN 2 oA
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Tab. 6 Effects of dietary leucine on intestinal antioxidant and digestive enzymes of A. japonicus

5 groups

WiH items
D1 D3 D4 D5 D6
YENF/(U/mg prot)  amylase 1.04+0.05* 1.14+0.07° 1.14+0.11° 1.1420.10° 1.06+0.11* 0.96+0.07°
fIG Wili/(U/g prot)  lipase 1.05+0.05° 1.20+0.10° 1.95+0.06° 1.35+0.04° 1.27+0.07% 1.29+0.03%
& FIB#/(U/mg prot)  protease 187.97+17.77°  210.01+18.27° 223.89+15.97" 216.06£17.36" 187.16+19.25" 168.61+8.67*

B VERERRY/(U/g prot)  ACP 93.8141.22"

TR /(U/g prot)  AKP

95.09+8.51"

100.93£10.35°  99.2248.03"  91.24+545®  85.62+5.06°

349.87+15.00°  359.82442.99°  379.53+£23.44° 362.98+27.28" 308.62+26.92" 302.77£16.05°

B ME/(U/g prot)  AST 0.80+0.06 0.92+0.07 1.11+0.08° 1.16+0.15° 1.12+0.13° 1.06£0.11°
R BE/(U/g prot)  ALT 2.55+0.15" 3.19+0.16° 3.80+0.32¢ 2.97+0.18™ 3.08+0.18° 2.80+0.18°
i 75.99£1.47" 81.83+1.53™  101.19+4.23%  95.30+£7.98°  89.47+£3.72*  88.01+5.37™

~
PR AE 1/ (nmol/mg prot)  T-AOC
o EAEE/(U/g prot)  CAT

T4 Z/%/(nmol/mg prot) MDA 3.38+0.14°

ALY AL EE/(U/mg prot)  SOD 15.43+0.71°

2.40+0.17°
16.02+1.27°

500.05+£22.80" 497.71426.85% 492.34422.80° 524.61+24.16° 447.00+22.87° 434.02+21.95"

1.82+0.18° 1.98+0.18" 2.36+0.10° 3.09+0.14°

16.24£0.71* 17.54+1.41° 16.22+1.22" 16.05+1.14*
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Optimum dietary leucine requirement of juvenile sea cucumber
Apostichopus japonicus

LIU Caili ?,  WANG Jiying*, LI Baoshan’®, SHEN Yubo '?,
SUN Yongzhi >, HUANG Bingshan’, WANG Shixin >

(1. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Centre for Research on Environmental Ecology and
Fish Nutrion of the Ministry of Agriculture and Rural Affairs, National Demonstration Center for Experimental
Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China,
2. Key Laboratory of Marine Ecological Restoration, Shandong Marine Resource and
Environment Research Institute, Yantai 264006, China)

Abstract: A 60-d feeding trial was conducted to determine the dietary leucine requirement of juvenile sea cucum-
ber Apostichopus japonicus with initial body weight (16.40+0.14) g. Six experimental diets were formulated with
the graded leucine levels 1.29% (D1, control group), 1.63% (D2), 1.98% (D3), 2.22% (D4), 2.58% (D5) and 2.97%
(D6) dry diets. The results showed that: There were no differences in survival rate among all groups (96.00%-
98.67%). Both weight growth rate (WGR) and the specific growth rate (SGR) increased with increasing leucine
content until reaching peak levels at 1.98% dietary leucine, but decreased thereafter. The WGR and SGR of D3,
D4 and D5 groups were significantly higher than D1 group. The WGR reached maximum value of 100.84% in the
D3 group. There were no significant effects on ratio of intestine weight to body wall weight (IBR) and ratio of
intestine length to body length (IBL) of sea cucumber. The crude lipid contents of body wall was increased when
dietary leucine content increased from 1.29% to 1.98% but decreased when the dietary leucine content exceeded
1.98%, and D3 group was significantly higher than other groups, but there were no significant effects on moisture,
crude protein and crude ash contents. Both methionine and leucine content of body wall were significantly
increased by dietary leucine, but there were no significant effects on total amino acids (TAA). Both lipase and pro-
tease activities of intestinal were increased with increasing levels of leucine up to 1.98% diet and then decreased.
The lipase of D3 group was significantly higher than other groups, meanwhile, the protease of D2, D3 and D4
groups were significantly higher than other groups. All of alanine aminotransferase (ALT), asparate aminotrans-
ferase (AST) and total antioxidant capacity (T-AOC) activities of intestinal were increased when dietary leucine
content increased from 1.29% to 1.98%. There were no significant effects on AST activity when the dietary leu-
cine content exceeded 1.98%, but the ALT and T-AOC activities were decreased. The T-AOC activity of D3 group
was significantly higher than D1, D2, D5 and D6 groups. The catalase (CAT) and superoxide dismutase (SOD)
activities reached maximum value when the dietary leucine content was 2.22%. The CAT activity of D4 was signi-
ficantly higher than D3, D5 and D6 groups, The SOD activity of D4 was significantly higher than D1, D2 and D6
groups. The malondialdehyde (MDA) content was decreased when dietary leucine content increased from 1.29% to
1.98% but increased when the dietary leucine content exceeded 2.22%, the MDA contents of D3 and D4 groups
were significantly lower than other groups. With WGR as evaluation indicator, quadratic regression analysis
showed that the optimum dietary leucine requirement of sea cucumber with body weight 16.40 g was 2.11% diet
(10.37% dietary protein).
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