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Tab.1 Composition and nutrient levels of the experimental diets (dry material basis)

2857
WiH groups
items DI D2 D3 D4 D5 D6
JEH/% ingredients
FHfa%)  white fish meal 16.00 16.00 16.00 16.00 16.00 16.00
/WK wheatmeal 8.00 8.00 8.00 8.00 8.00 8.00
A seaweed powder 34.00 34.00 34.00 34.00 34.00 34.00
BIHERE  coated glycine® 2.00 1.60 1.20 0.80 0.40 0.00
FLIEAIEE  coated valine 0.00 0.80 1.60 2.40 3.20 4.00
Z 4 vitamines mixture” 0.50 0.50 0.50 0.50 0.50 0.50
£ minerals mixture® 0.50 0.50 0.50 0.50 0.50 0.50
fajth  fish oil 0.50 0.50 0.50 0.50 0.50 0.50
YU ALF  antioxidant 0.10 0.10 0.10 0.10 0.10 0.10
KEGIRENE  soybean lecithin 0.50 0.50 0.50 0.50 0.50 0.50
e seamud 37.90 37.50 37.10 36.70 36.30 35.90
A total 100.00 100.00 100.00 100.00 100.00 100.00
EFRHABR(THH) proximate composition (dry matter)
HEH/%  crude protein 19.22 19.44 19.39 19.40 19.47 19.45
HET/%  crude lipid 1.75 1.78 1.72 1.74 1.70 1.72
MK 57/%  crude ash 48.69 48.73 49.09 49.50 49.86 49.80
fiti/(kJ/g) gross energy 11.37 11.72 11.86 11.98 12.00 12.02

VE: a BRI TE SN AL THRIMTE AR b, 24 (mg/kelikl): 4E2EFKA 38.00mg, 4E2EFED; 13.20 mg, 44K, 10.00 mg,
&R 115.00 mg, %K 380.00 mg, HERMLISEE 88.00 mg, JZMR 368.00 mg, MR 1 030.00 mg, K 10.00 mg, MR 20.00 mg, 4EHER
By, 1.30 mg, ALEE 4 000.00 mg, FUAIMEE 500.00 mg; c. ZH (mg/kglkl): NaCl 100.00 mg, KCI 3 020.50 mg, KAI(SO,), 11.30 mg,
ZnS0,-7TH,0 363.00 mg, CuSO, -5H,0 8.00 mg, MgSO, - 7H,0 3 568.00 mg, MnSO,4-4H,0 65.10 mg, Na,SeO; 2.30 mg, CoCl, 28.00 mg, KI
7.50 mg, NaF 4.00 mg, NaH,PO4-2H,0 25 558.00 mg, Ca-lactate 15 978.00 mg, CzHs0,Fe-5H,0 1 523.00 mg

Notes: a. B-cyclodextrin was purchased from mengzhou huaxing biochemical co. Ltd; b. vitamin mixture (mg/kg diet): vitamin A 38.00 mg, vitamin D;
13.20 mg, vitamin K3 10.00 mg, thiamin 115.00 mg, riboflavin 380.00 mg, pyridoxine HCI 88.00 mg, pantothenic acid 368.00 mg, niacin acid
1 030.00 mg, biotin 10.00 mg, folic acid 20.00 mg, vitamin B}, 1.30 mg, inositol 4 000.00 mg, ascorbic acid 500.00 mg; c. mineral mixture (mg/kg diet):
NaCl 100.00 mg, KCI 3 020.50 mg, KAl (SO,), 11.30 mg, ZnSO,-7H,0 363.00 mg, CuSO,4-5H,0 8.00 mg, MgSO,-7H,0 3 568.00 mg, MnSO,-4H,0
65.10 mg, Na,SeO; 2.30 mg, CoCl, 28.00 mg, KI 7.50 mg, NaF 4.00 mg, NaH,PO4-2H,0 25 558.00 mg, Ca-lactate 15 978.00 mg, CH;O,Fe-5H,0 1

523.00 mg

b, NN IRFE S TIT IR AT D5 0 S e, N IR
TSI ZS R i R SR, Wk SE8 40 iR 15
ZAKTR (), W, oh 5556 45 R 0 ) 2 1K o
(8), tHIRFAREL(), Wl SR as Rt 5 52
T (g), W,k S0 25 AR O R S A BE o
(2), LS as R mt i 2 il K (cm), Ly A5t
B 25 RN 4 Z R (em)

1.5 BUESI S

S 06 Bl A5 B0 % F Microsoft Excel 2007 411
SPSS17.0%k {4 i 47 B [N K J7 22 47 Hr (One-Way
ANOVA), 25 I &1 (P<0.05)K FDuncan [G
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Tab. 2 Amino acids composition of experimental diets (dry material basis) %

A

LR groups
amino acids DI D2 D3 D4 D5 D6
W Arg 0.98 1.01 0.90 0.96 1.00 1.01
HEF  His 0.24 0.28 0.24 0.26 0.27 0.28
AR e 0.51 0.54 0.50 0.49 0.53 0.56
HHEM Leu 1.36 1.28 1.37 1.51 1.48 1.32
iR Lys 0.84 0.95 0.82 0.89 0.93 0.97
EHER Met 0.42 0.44 0.42 0.44 0.46 0.39
KNSR Phe 0.72 0.77 0.73 0.76 0.77 0.78
TEER  Thr 0.70 0.81 0.68 0.75 0.76 0.82
HERR  Val 0.61 1.14 1.46 1.73 2.17 2.64
REHEE  Asp 1.62 1.74 1.66 1.65 1.72 1.76
HER Ser 0.96 0.94 0.90 0.93 0.95 0.94
H&Z#] Gly 2.35 2.20 1.81 1.72 1.59 1.34
HEMR Ala 1.19 1.18 1.14 1.18 121 121
FPEEER  Cys 0.62 0.56 0.61 0.62 0.54 0.61
BEBR  Tyr 0.46 0.44 0.45 0.49 0.51 0.46
BEE  Glu 3.24 3.11 2.88 3.10 3.09 3.10
R Pro 0.84 0.92 0.85 0.91 0.94 0.93
SEIER TAA 17.65 18.32 17.40 18.40 18.90 19.11

x3 WERMARSEKMELE. ARF AR AERNI0

Tab.3 Effects of dietary valine on growth performance, feed utilization and physical indicators of sea cucumber A. japonicus

205

TiH groups

items D1 D2 D3 D4 D5 D6
Yighk T E/g IBW 9.14+0.19 9.26+0.16 9.20+0.07 9.19+0.13 9.11+0.15 9.24+0.06
KRR R/g FBW 17.32+1.48 18.45+3.65 19.87+2.42 21.86+3.77 21.18+2.21 21.35+0.74
WHEH/% WGR 89.50+2.10° 99.23+2.32° 116.00+3.53¢ 137.9043.51°  132.47+3.11°  131.10+2.90°
K F/(%/d) SGR 1.10£0.03" 1.19+0.01° 1.33+0.01¢ 1.49+0.02¢ 1.45+0.01° 1.44+0.01°
JEELL/%  IBR 4.3740.12 4.67+0.51 437+0.26 4.65+0.61 4.44+0.45 4.67+0.26
kbt IBL 3.52+0.08 3.58+0.05 3.59+0.02 3.60+0.06 3.56+0.08 3.59+0.02
RIEH/% SR 95.83+1.44 91.25+1.77 96.67+3.82 95.83+3.82 90.83+2.89 90.00+0.00

T M PEAT AR TR RO ZE R B (P<0.05); R

Notes: In the same row,values with different letter superscripts mean significant differences (P<0.05); the same below

AIWGR A M 5 b5, &4 2k [l 3 73 BT 15

PR 55 9.20 g5 il 2 4h 5 el Rk b 45 2 TR 1) B
&SN 1.79% (9.18%REHE 11 5)(K11),

MEB RS HERERR S R EER

SENZMN
iR Z AR BE A

K43 HE90.76%~
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Fig.1 The broken-line regression analysis based on

dietary valine and WGR of sea cucumber A. japonicus

91.46%, H.%% #4116 JG i 3 1k 22 5. (P>0.05)(£4);
B R R P AR R E R T, MR A R R
TG T B A HL7E DAL 1K 3 B K (P<0.05);
LG & it 25E LTS TR S, D34

5 B i KA (P<0.05); X FRZHH K4y & B,
125 5 T D44 (P<0.05), {H5H A4 4 0 . % %
5 (P>0.05),

8 WEL VRS A R ) e R G A T S
RBEP R H AR . WA . BER . RN
L HERR . REAER . TR IR L8 A
(P<0.05), WHEMEMT AR . F oA
G (P<0.05), (1RXKER . A
. Ham. WA, Fiam. &
2 % 24 R TGt 2 52 W (P>0.05)(3R 5)

DEAR N ERL, EHMLTEEAERS
HATRIIHNL LA, £5 5250 4105 0 S 14 e vh b 75
AR5 EARR N AE T W2 M 2 7(P>0.05)
(#6).

Sk

A

B

N8 e
LIS

=

2RI

% v

2.3 HEREBEMNREBERSCRELEE
jed:0EA D)

Wi ) ek 451 22 R % R I BG n, AiE Th T-AOC
T-SOD. CAT. ALT. AST. ACP} AKPJf 141
A I E RS (P<0.05), HADIIAT-AOC. T-SOD
FIASTHY I 1 2 351 T HoAth 45 2H (P<0.05), T-AOC
FIASTIRG PE7E D34 35 e KMH(F7); T-SODif
PEFEDSL IR B B KA ; ACPHIAKPIE 1 5 Bl 5
ERETREEBR, s 5fED4. DS AR &K
{E ;) ki R 4 SR B S BRI T MDA
i, D14 355 T HAh 45 4 (P<0.05) . Rk 45 2
iR T 1 Y 1 2 R T U 2 M v AR
NG 7 8 14 35 1k (P<0.05) , 25 11 I8 AR I A il 3% 7k
3 FED3 . DAY A B e KAH (P<0.05); JE N %
PEAS 2 ek v 45 202 % it (452 1R (P>0.05)

3 iR

3.1 ARFRMESREBEI RS E KRR

A

ASg b, iS4 S B RS Z AR R
Hh 2 28 T R R, AR RN 4 IR e R Y
S 50 2 07 R 2 0 B R I A R 0 IR AL A
PR B4R, TR W ARDRL v S 0 A A 45
M2 REfE fe BE U5 R S 4h Z i A o A BEIER I,
07 R 2 41 2 5 A A Bl ARDRE 452 TR B4 38 i 22 5
Thes Ja B AR 3, e WAL o 4 R i i IR
il mE S M RS SRR A X R
A A E A LAT A s OF R b g s R
RO s, B mIR AR A
BRI AL, A RKZBEHY; QME RS
AU BV 2 A BEACHE R, A4 O 3 A R
IR, 2 5ILARHE B, AR R A2,

R4 FRBMIRSHERERTHZNE

Tab. 4 Effects of dietary valine on approximate composition of body wall of sea cucumber A. japonicus %
) 2H 5

lﬁl H groups

ttems DI D2 D3 D4 D5 D6
/K43 moisture 91.18+0.33 91.14+0.16 91.46+0.08 91.06+0.50 91.27+0.26 90.76+0.31
MEH  crude protein® 43.66+0.43" 44.61+0.27 44.77+0.41° 45.67+0.23¢ 44.75+0.47 44.57+0.18"
MW crude lipid®* 3.32+0.16" 4.27+0.18% 4.61+0.04° 4.50+0.20" 3.72+0.15% 3.88+0.07"
K4y crude ash® 33.03+0.22° 32.3040.19® 32.8740.23® 32.04+0.27* 32.384+0.09" 32.70+0.16™

Ee oo MEA MRS & &N TEER

Notes: a. contents of crude protein, crude lipid and crude ash are based on dry basis
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Tab.5  Effects of dietary valine on amino acid composition of body wall of sea cucumber A. japonicus %
k|
AHEER groups

amino acid DI D2 D3 D4 D5 D6

WEE  Arg 3.13£0.05" 3.12+0.14% 3.05+0.02" 3.18+0.04 3.20+0.11% 3.24+0.12°
MR His 0.59+0.02 0.60+0.02"™ 0.58+0.01° 0.61+0.01% 0.62+0.01° 0.64+0.02°
AR e 1.32+0.03¢ 1.26+0.05" 1.25+0.06 1.22+0.04 1.19+0.03" 1.21+0.06™
AR Leu 2.66+0.04° 2.5740.05" 2.5140.03 2.46+0.05" 2.49+0.05° 2.50+0.03"
&R Lys 1.89+0.04° 1.9240.07° 1.890.03" 1.95+0.06™ 1.96+0.08® 2.05+0.10°
HAM Met 0.54+0.07 0.56+0.04 0.55+0.06 0.56+0.07 0.56+0.05 0.55+0.06
N Phe 1.36+0.03" 1.37+0.05 1.36+0.02° 1.41+0.06™ 1.40+0.06™ 1.44+0.04°
HAR  Thr 2.37+0.03* 2.40+0.09® 2.3440.02° 2.43+0.08® 2.43+0.09® 2.5240.10°
HEER Val 1.58+0.02° 1.63+0.05™ 1.61:£0.04® 1.71+0.08° 1.710.09° 1.69+0.01%
REEM  Asp 4.50+0.02° 4.64+0.16® 4.50+0.03° 4.59+0.09® 4.66+0.12" 4.74+0.18"
5 Ser 2.27+0.03 2.32+0.09 2.23+0.03 2.30+0.05 2.31£0.06 2.34+0.10
H&®R Gly 5.27+0.07 5.30£0.16 5.1240.02 5.32+0.13 5.3240.18 5.31+0.21
WA Ala 2.70+0.03° 2.68+0.06™ 2.63+0.02° 2.71+0.02° 2.72+0.03 2.72+0.06°
M Cys 1.3120.09 1.29+0.04 1.31£0.11 1.30+0.10 1.30+0.14 1.31+0.07
EAEER  Tyr 1.18+0.03% 1.19+0.05 1.23+0.02¢ 1.14+0.06™ 1.11+0.04° 0.90+0.07"
B Glu 7.45+0.10™ 7.51+0.32% 7.28+0.07" 7.53+0.05 7.58+0.22" 7.68+0.27°
% #  Pro 3.02+0.06 3.00+0.17 2.96+0.04 3.08+0.03 3.08+0.11 3.12+0.14
WFEEIEE BAA 11.72+0.14° 11.68+0.12° 11.51+0.13° 11.74+0.11° 11.74+0.09" 11.96+0.13
MEHR TAA 43.14+0.46" 43.33+0.24% 42.40+0.35" 43.50+0.34% 43.64+0.38* 43.96+0.33°

*o6 MRSHEEIEREKEN

Tab.6  Amino acid patterns of body wall of sea cucumber A. japonicas %
453
HIERR groups

amino acids DI D2 D3 D4 D5 D6
HEK Met 1.00 1.00 1.00 1.00 1.00 1.00
R His 1.11£0.17 1.07+0.05 1.06+0.12 1.10+0.17 1.11£0.09 1.1740.10
FEER e 2.50+0.34 2.24+0.25 2.28+0.33 2.21£0.36 2.13+0.25 2.22+0.25
RNEE  Phe 2.57+0.37 2.45+0.20 2.47+0.24 2.54+0.39 2.51+0.34 2.64+0.32
HEFE  Val 2.98+0.35 2.89:+0.12 2.94+0.36 3.10+0.57 3.06+0.41 3.10+0.34
WEE  Lys 3.57+0.51 3.42+0.31 3.44+0.39 3.52+0.51 3.50+£0.40 3.77+0.58
FEER  Thr 4.47+0.61 4.28+0.30 4.26+0.44 4.39+0.63 4.34+0.54 4.62+0.62
A Leu 5.01+0.58 4.57+0.23 4.57+0.46 4.43+0.55 4.45+0.46 4.57+0.42
AR Arg 5.91+0.82 5.56+0.46 5.56+0.59 5.75+0.76 5.7+0.48 5.93+0.66

T Rk b 42 R S mE AR, MUK A ke, BN T AR, kb s R Y
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Tab.7 Effects of dietary valine on intestinal antioxitant and digestive enzymes of sea cucumber A. japonicus

415

BiH groups

items D1 D2 D3 D4 D5 D6
RMPUEALEES1/(U/g prot)  T-AOC 0.21£0.01° 0.26+0.01° 0.26+0.02° 0.26+0.01° 0.24+0.02° 0.26+0.02°
ALY EE/(U/mg prot)  T-SOD  174.43+6.08" 188.62+6.39° 188.85+5.8° 191.23+6.81° 191.83+4.27° 192.34+3.45°
P4 —%/(nmol/mg prot) MDA 0.70+0.02¢ 0.52+0.02 0.53+0.02 0.50+0.03" 0.61+0.02° 0.56+0.02°
i AL S /(U/mg prot)  CAT 27.62+2.46° 29.74+2 41® 34.39+1.57° 32.84:+1.48"% 33.90+1.59° 30.99+1.75%
RNEEZM/(U/g prot) ALT 3.48+0.08" 3.82+0.17° 3.82+0.10° 3.99+0.17° 3.49+0.16° 3.33+0.16°
R /(U/g prot)  AST 2.3540.12° 2.78+0.12° 2.87+0.14° 2.72+0.12° 2.83+0.13° 2.81+0.11°
R 1 R B/(U/g prot)  ACP 1.50+0.08° 1.58+0.10™ 1.59+0.05® 1.78+0.13¢ 1.74+0.13% 1.51£0.11°
Tl MR RR S /(U/g prot)  AKP 2.06+0.05" 2.12+0.05™ 2.18+0.06™ 2.24+0.04° 2.25+0.03¢ 2.21+0.06™

& (I#¥/(U/mg prot) protease

HEWiE/(U/g prot)  lipase 27.55+2.08"

VERIEE/(U/mg prot) amylase 4.09+0.31 4.24+0.21

1083.39+27.73" 1 184.10+41.80°

28.30+2.28°

1243.83+58.23% 1186.01£22.10° 1 126.45+27.81" 1 152.09+26.48"

32.24+1.56" 33.13+1.64° 32.91+2.18* 29.44+1.36%

4.24+0.46 4.42+0.18 4.42+0.39 4.40+0.22
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Optimum dietary valine requirement of
juvenile sea cucumber Apostichopus japonicus

HAN Xiujie ?, LI Baoshan’, WANG Jiying”, WANG Lili >, WANG Yaping "?,
WANG Chengqiang >, JIANG Lisheng’>, SUN Yongzhi’, HAO Tiantian *

[1. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Centre for Research on Environmental Ecology and
Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs, National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China;

2. Shandong Key Laboratory of Marine Ecological Restoration,

Shandong Marine Resource and Environment Research Institute, Yantai 264006, China]

Abstract: An 8-week feeding trial was conducted to determine the dietary valine requirement of juvenile sea
cucumber Apostichopus japonicus with initial body weight (9.20+0.12) g. Six experimental diets were formulated
with the graded valine levels (0, 0.80%, 1.60%, 2.40%, 3.20% and 4.00% dry diets, respectively). The six trial
diets were determined to contain valine of [0.61% (D1), 1.14% (D2), 1.46% (D3), 1.73% (D4), 2.17% (D5) and
2.64% (D6) dry diet], respectively. The results showed that: No significant differences in the survival rate (SR)
were found among dietary treatments ; the weight growth rate (WGR) and the specific growth rate (SGR) increased
with increasing levels of valine up to 1.73% diet, and thereafter, declined. 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. Crude protein and crude lipid of body wall increased initially, then decreased, and crude protein of diet
D4 was significantly higher than that of any other groups. Dietary valine significantly increased His, Val, essential
amino acids (EAA) and total amino acids (TAA) contents of body wall, but decreased Leu, Ile and Tyr contents.

Total superoxide dismutase (T-SOD) and total antioxidant capacity (T-AOC) increased with the increasing of
dietary valine levels and those of D1 were significantly lower than other groups. Malondialdehyde (MDA) content
decreased with increasing levels of valine up to 1.73% diet and then increased, and MDA of D4 was significantly
lower than those of other groups. Protease and lipase increased initially and then decreased, and protease of D3
was significantly higher than that of other groups, however, there was no significantly effect on amylase of dietary
valine. In conclusion, appropriate dietary valine improved significantly growth performance and immune response
and modified chemical composition and amino acid contents of sea cucumbers. With WGR as evaluation indicator,
regression analysis of broken-line model showed that the optimum dietary valine of sea cucumber with body
weight 9.20 g was 1.79% (9.18% diet protein).
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