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(. LHPEEASE KPR RA IR BRI D R A S K T SR G
AP L LT RO G L 2013065 2. AR IEVEIR S SR BTSTR
WRBBRE ST TAIRE R MBA 264006)
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W= DL 37 B A R 2t BE(D1), 7E R 2 (Apostichopus japonicus)@ K+ o 28 4 FE 7 i 3% (D2). 6%
(D3). 9% (D4). 12% (D5)#1 15% (D6)Hy B f# i i 4 (EKP), W H| 6 Ay 4 & 5 sk 0y S dnf B, 52540
YHME K (11.40£0.04) g, FHLD K 6 (BB AINEEL), BNEE30 LG5, BRELE 1K, &
FER N 56 d. %R TR, % BKP &M 0 _EAF| 15%, 4h 53 & 3 (WGR) A 4F % 4£ K % (SGR)
ST E e K, An 6% F EKP B 232 % 4 & WGR 1 SGR; 7R Am 12%7%1 15% EKP B 2 %
KT HEERMHMNE, Ko 6%~9% EKP BER T T Lo fn & ek R WH M F; B hm 3%~9% EKP
PERB TIN5 EMEOBRENE, RBEESZYH; M EKP Ak THAE, HH
A % AR B8 (GK) . 7 BF BR 5B (PK) . %% BR 0% B5 X 79 B BR 32 3% B (PEPCK) . & 17 % A B8 (ALT) X 4 %
HABmAST)ERHESL AR THRN#ESE, Hd, GK fr PK WEMAE 9% KTk B & K;
PEPCK. ALT 77 AST & MAE 12% K mAKFHEEHA, B 15% EKP RERE T 45 HH
Na'-K'-ATPase &, 74 6%~15% EKP £ %4 T 45 i Ca™-Mg™ -ATPase & 1; 7w
6%~15% EKP ¥ 7 4y 5 i B Au 88 /1, SOD JE A 9%~12% ik in K P T B E#_ e, H4
15%KFTBEER. 12%~15% 8K FREATTH _ELSE. &% Lk, AR+ K EE EKP
TREAN S5 EKEE. BhRBEIURTEES, 2— T KB HALT 51, EKP
ER S HARF RERIME N 10.36%.
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AR, RS AR S, B AR,
BRERESMA R H TR I S 7Y
BT, AR W AR . ARNIR S (PVKFE, 2015),
AMAE A SRS AR R 2 0 AR TR, i B Tk
VE R 2 Be A Dk v 9 32 B SRt (H g v & £ 4
. PR B-AERE. RIRFEENZH
(non-starch polysaccharides, NSP), i DL # sl 43 W4 1)
DA IR T I i, O HL G b aT i v AR UE B 2 8 (soluble
non-starch polysaccharides, SNSP)EAG #5508 T E 3¢
YERL, 8 TR G A R R v S8 BE R 1S
LR B E T RIARLAE W) v A i a1 0 SR R 5 e, LA
2 T REAR SR TH 30 P %o iRk % 43 1 T A6 R T %8 (Bedford
et al, 1992), KL, W ifEHs 10 208 m oA T I ik Ak 2
SRR R, WA R A BaRE . HET,
Xl 2 W AR T IE RS 2, 3R AR L L A
SRR RN A MR o 5 W PR fip 12 A4~ B A
ALY, AEW R AL B SO SR AN, & — PR S0
P(FHETTE, 2017, WRIRSE, 2018), AR ik R R
it , S T —PEWE Il B L — R e O o S e A
22 W ) e — W BT 2 AT T (SRR A, 2019),
B L3 il R B 25 5 S /Ny T8 SR I, AT £ E
I, PR RbR AR, ST 4R e SR A S 0 A KA
AE(EH B, 2013; EWGE, 2013; KAESE, 2021),

H 2 (Apostichopus japonicus Selenka) S FRAJ5 #
Z, WA hMENEZ—, BARENE M2
B, 2R [ B v Vg ok B ) Vg K SR b (TR A
85,2016)0 FIZFRFEN I RIBRJE, RS N
Tl T ERR A S]] It K 1 X i 1Y)
oK A o AR RS R 2 R, AR
B RERKALS Y, AL R R AR FE ORI, B
oS AR TER Z ST, fE—E R IR TH
I, R o R BIF 53 AE T 0 100 55 36 NS 5 /i AR A ik
b B (EB A, 2012; {13414, 2019), K NSP i .
LR LR | et S A XUR BTV A R R AT A
fift, BT B AR S AN TR SRS TR B A S S IR, It
I AE ] S &y 2 4] ek v U 0 7 168 7 K3 (enzymatically
hydrolyzed kelp power, EKP)iff 5% X 2h 2 A4 K | &
AL ARG 1 DL BT R A RE TR sE R,
EKP 75 Hi| 2 8 Z:Be & il 0 1 2 B30 BL i

1 #REFE
1.1 EEHEETEHHE
S 6 FH il 750 ) T 2 DU R AR R A BR A

A], f45 NSP EE(CR R MR, 8000 Ulg; B-Hi R pHE,
2000 Ulg; B-HEEREM, 150 Ulg). 24 % iy
(500 U/g) . i P & 11 (100 000 U/g) . R Bk il
(5000 U/g). i fife i 7 H3 A2 ER Il oy 22 52 6 Il o )
(NSP fiff : LA - PHEEAR - XBREH=8 : 12 :
3 )KFREIS, EABERINGE 3% (HRkE), BRE L
M1 : 6, BEEEAAE: IRE 50 °C L pH 6. JUBE] 6 he
JIT P VT Ry R FL T At 7 0 SR AR LR 1

R1 BEMNBREENERERR

TEIEE S E(T Y L)

Tab.l Nutritional composition and reducing sugar content
of kelp powder and enzymatic kelp powder (dry matter basis)

e HEafi A it i 7 o
Nutritional Kelp Enzymatically
composition/% power hydrolyzed kelp power
M Crude protein 9.49 9.85
MRmEAGEHEA LE)  4.67 8.83

Acid soluble protein
(Proportion in crude protein)

FLIERS Crude lipid 3.00 3.18
FL K43 Crude ash 44.05 44.90
i JFEBE Reducing sugar 0.016 1.550

1.2 IR

WG LR . W R AT EKP S EZE AR,
B i FL A 7 ok 12.00% ., FLAR B &% 50 0.40% . fiE
N 6.20 KI/g B SRR ADRL , FLEL T KB TR A B L3 2
M 3, FEEANERH 3 BIE I 0. 3%, 6%. 9%.
12%#1 15% EKP, 444 DI1(XHE4), D2, D3, D4,
D5 1 D6 41, £ ¥uIn e 55 & /Y 0.6%4- AR L
fift DT 3 TP A R RS 1Y) () B (Zhao et al, 2017),
AR 6 4% A SEREM LK EL ., DI~D6 i mal 4
T R AR 52 B & i 0 oM 0.71%.0.72%.0.69% .0.70%
0.68%FH1 0.69%, £ ZHIEAREHRIN 0.1%FME2(Y,05)
YERIMEFE R A R R M e T 60 Hif, 1R
A, HSORAE S 6 mm BYRURL . DL 45 2 S0 TRk 22
70 CHETF 5 T 20 C ok H AR A7 .

1.3 LR RISFAFEIERE

S U0 A 2 0 S F 11 2R 2R ROl B A BR A W
(FEH) . MRS A 1L AR A WV B IR S AR I BE R
BRI K SR R G A T o BT RS R
SERbARRE 1R, DA N S I e Ak R SR SR, ST
IRATEE R 24 ho BEBWIUGF- IR E H9(11.420.04) g 1)
fAERHIZ 540 3%, BEMLTBCE] 18 A B TEAE FR K A
(@65 cmx60 cm), 73K 6 NLEA, AU 3 NEL,
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BAEL 30 LfilZ, WM 56 d. &K R E
(16:00) 15 1 ¥k, E®E, &3 d#—UK, Ik
JEACT R 325 0 A7 R 288 468 D O 2 A6 DA JES U 1, 45K
EOMARNOKOLAY 172, FRIESCE AT 1A H B, K
T VR KA o FRAE MK IR R 13~17 °C, pH 2 7.5~8.2,
WAL T 6 mg/L, EhEE4EIF7E 28~30,

1.4 HmARE

FRAE Y IA] , R ISP AT G IR 58 B A R AR
TR, 20 CRAT, MTIREEEFRY RN

THALRIME . FEA LIS RS, 258 24 h J5, 25
XA FRFEAR R R S PR E I8 RESE, RS
R EEALI 14 L2, SHF7MEE], FREMREETE | JIE
EHE, KRSNEREERGE, 7 7E-80 C, Hh
TREEF T IR SR i e, Wi 5 SE R s I e

1.5 iEHRNE

A KOs 2

A% K (survival rate, SR, %)=100xN,/N,
14 H % (weight gain rate, WGR, %)=100x(W,—W,)/W,
FE 28 A= K % (specific growth rate, SGR, %/d)=
100% (InWW~InWy)/t

JIEBE HE (viscera-body wall ratio, VBR, %)=100x
Wv/Ww

W7 B L (intestine-body wall ratio, IBR, %)=100x
Wi/Ww
K, N RRISZRLE, N RSG5, W,
h S LR AR F & (final body weight, FBW)(g), W,
R BA) GE AR [ i (initial body weight, IBW)(g), tﬂ\j
FRIH S KAL), Wy HEFERIIZS T i (g)
RIS 7B T (g), Ww j\?ﬂy\ﬁﬂ%ﬁiﬂ*ﬁ%i(g)
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Tab.2 Proximate composition and ingredients of the experimental diets (% air-dry weight basis)

JECR| 215l Group
Ingredients DI D2 D3 D4 D5 D6

1 £f1 4 White fishmeal 5.50 5.50 5.50 5.50 5.50 5.50
W7 K} Kelp power 25.00 22.00 19.00 16.00 13.00 10.00
it i 15 17 K Enzymatically hydrolyzed kelp power 0.00 3.00 6.00 9.00 12.00 15.00
-2 Taurine 0.60 0.60 0.60 0.60 0.60 0.60
#FH#Y Shrimp meal 3.50 3.50 3.50 3.50 3.50 3.50
M Soybean meal 3.00 3.00 3.00 3.00 3.00 3.00
B EEF) Yeast powder 0.60 0.60 0.60 0.60 0.60 0.60
D158 Shell powder 5.00 5.00 5.00 5.00 5.00 5.00
FhifiE Carrageenan 0.50 0.50 0.50 0.50 0.50 0.50
o-TEH a-starch 5.00 5.00 5.00 5.00 5.00 5.00
e ZFURE K Vitamin premix® 1.00 1.00 1.00 1.00 1.00 1.00
¥R WE R Mineral premix® 1.00 1.00 1.00 1.00 1.00 1.00
A4 Y,0; 0.10 0.10 0.10 0.10 0.10 0.10
Y8 Sea mud 49.20 49.20 49.20 49.20 49.20 49.20
411 Total 100.00 100.00 100.00 100.00 100.00 100.00
B FE 4T Nutrient composition

M1 H Crude protein 12.26 12.20 12.14 11.99 12.07 11.77

HLIE M Crude lipid 0.30 0.31 0.33 0.35 0.36 0.38

HL /X 4) Crude ash 59.98 60.46 61.67 62.02 63.19 63.91

A= Energy/(KJ/g) 6.25 6.20 6.20 6.18 6.17 6.14

W oa: 4EE ZTOR K (mg/kg or TU/Kg flEL) . 4E4EZE A7500.001U; 4E4:2% D 1500.00 IU; 4E4:= % E 60.00 mg; 44
# K; 18.00 mg; 4EA=% B, 12.00 mg; ZEEE B, 12.00 mg; 442 By, 0.10 mg; 2R 48.00 mg; AHAELAZ 90.00 mg; MR
3.70 mg; D-A 1% 0.20 mg; MEIEEE 60.00 mg; 4EE 2 C 310.00 mg; b: &9 B IR BHme/ke 1A% 4% 35.00 mg; 4# 21.00 mg;
i 8.30 mg; #k 23.00 mg; 4% 1.20 mg; Mt 1.00 mg; A 0.30 mg.

Note: a: Vitamin premix (mg/kg or IU/kg diet): Vitamin A 7 500.00 IU, Vitamin D 1 500.00 IU, Vitamin E 60.00 mg,
Vitamin K3 18.00 mg, Vitamin B; 12.00 mg; Vitamin B, 12.00 mg, Vitamin B, 0.10 mg, Pantothenate acid 48.00 mg, Niacin

90.00 mg, Folic acid 3.70 mg, D-biotin 0.20 mg, Pyridoxine 60.00 mg, Vitamin C 310.00 mg; b: Mineral premix (mg/kg diet): 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.
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Tab.3 Amino acids composition of experimental diets (% dry matter)

BHEMR 205! Group
Amino acids DI (0EKP) D2 (3% EKP) D3 (6% EKP) D4 (9% EKP) D5 (12% EKP) D6 (15% EKP)
Vo5 5 % Essential amino acids
JEFR Thr 0.52 0.53 0.53 0.52 0.53 0.50
A BR Val 0.64 0.62 0.65 0.64 0.66 0.60
ERA R Met 0.59 0.60 0.60 0.64 0.60 0.59
SRR Nle 0.46 0.48 0.49 0.45 0.49 0.45
2=EZ R Leu 0.90 0.90 0.92 0.91 0.92 0.89
RN R Phe 0.73 0.74 0.75 0.75 0.64 0.70
Hi % B2 Lys 0.66 0.67 0.67 0.66 0.70 0.66
ZH & 82 His 0.18 0.19 0.19 0.21 0.25 0.19
WRM Arg 0.57 0.58 0.58 0.58 0.59 0.55
JE 752 LR Non-essential amino acids
KRARIR Asp 1.16 1.17 1.19 1.20 1.19 1.19
22 % Ser 0.60 0.60 0.57 0.58 0.57 0.58
AREMR Glu 1.57 1.62 1.57 1.69 1.63 1.63
HHER Gly 0.63 0.64 0.63 0.62 0.63 0.61
N Ala 0.65 0.66 0.66 0.68 0.70 0.65
LR Cys 0.36 0.38 0.39 0.39 0.40 0.37
B4 Z IR Tyr 0.57 0.60 0.64 0.66 0.64 0.56
fi% R Pro 0.46 0.45 0.47 0.46 0.48 0.45
BEEIR TAA 11.27 11.42 11.49 11.62 11.63 11.17

RN P . B IR R AR A K
mF:

) BE T 4 ot 2 WL 4K 28 (%) = 100 (1-] k}
Y,0; & /28 Y,0; 7 &)

T Ak 5 37 143 2 WL T A6 %8 (%) = 100<[ 1-(fa] k)
Y,0; F /2 Y05 i) < GEE B IR AU Y
TPk B SR )]

152 44, AR AREE T RSN E S 55 )
B M R SR EE K 3 B m R T 105 C I E VAN E
(GB/T 6435-2014), HLHE H & R HIEIL G A
(GB/T 6432-2018), #HAR 5 7 5 R F 2R QA48 20
(GB/T 6433-2006), Ml /K73 & R H 50 'C S 3pdr ke
2 (GB/T6438-2007), 4 KM o >R R /K fie ik
(GB/T18246-2019)fif Fi] 4= [ 2 24 £ 18 W 22 X (H 57
L-8900, H A<)I5E . faldeh RN A rh G 5 /R FH okt
JEIE(GB/T 6437-2018)M % , %27 1t R FH e M F, %
A S B IR R SHEREI e , BE iR A b i 1
HIL(IKA, C6000, 7 FE)ME . 48l EKP Hid
JEUBE I 8 (E#T AR 25, 2020; FEMIZE, 2016), i
3,5- Al KR L (0 (DNS) I, LU A8 Jg bm ok
DNS &N 3 mL, BOHEMEIK 2 mL F 25 mL B
FEZ A, WK A 6 min, B A1G , T 540 nm

WA ST I 300 )b 2 4t
1.5.3 Wil K AL A Xt Bl T i 18 v VE B T
(amylase) . A5 if(lipase). #& Ml (protease). ATP fif
(adenosine triphosphate) . Na'-K'-ATP [if (Na'-K'-
ATPase). Ca’'-Mg*"-ATP [i#§(Ca®"-Mg’'-ATPase). #i
B (glucokinase, GK). MR M I =X T TR BR R ik
fif} (phosphoenolpyruvate, PEPCK) . 7 # %% 4 fif§
(asparate aminotransferase, AST) . 75N ¥% & [iff (alanine
aminotransferase, ALT)I% 48 R S @ liA ¥ TR
W5 BT A 7 B G T I, A5 R Bl I 1 R 2 IR
5w Rl R P N
154 miER AR E il E A
(catalase, CAT) . # & 1tk ¥ B 1k B (superoxide
dismutase, SOD)ifi 4 . Pt 4A LHE T (total antioxidant
capacity, T-AOC)L) N — ¥ (malondialdehyde, MDA)
TPl R A A Y T AR 5T T A R R &
HEATIAE , AR I T B 2 B S U R .
1.6 HiEGgit o

S HHE R SPSS 17.0 HEATERIR R 2500
(one-way ANOVA). Yik#|2: 7 P #(P<0.05), L H
Duncan's #3017 2 5 ST, Geit2 R D4+
FRfEZE (Mean+SD, n=3)IE X FR .
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21 RSHSERKMRE

e 4 proR , BEE R R EKP & 934 i, FBW |
WGR F1 SGR #J 2 ST = Ja W A R a3, D3,
D4, D5 Fll D6 41 35 T X B4 (P<0.05); 45 4H[H]
IBR. VBR F SR #7C i # 2% 55 (P>0.05), UL WGR
J AR bR, % — I8 WK 0 BT (0=—0.198x>+
4.102 9x+60.586)f51 , EKP FERIUR i A (11.40+0.04) g
IS SR B R  EE I I 10.36% (B 1)

22 RMEMEARTFURREFHTHRMUELE

W 5 R, WS40 RINAEKFE EKP 14
kB T4 5 ) 2 LT A SR TG I 3 25 5 (P>0.05) ; DS I
D6 AR A I F I A 0 BT X R4 (P<0.05) 5 L
FIZFWTH LR 508 B THE TRER S, 76 D3 4k 35
KAE(P<0.05); A (1) EKP JRANZHAA 4R T M AE L
b#(P<0.05); & EKP & H e, kb e &R
SEER KSR AN R ) FRTH AR e T = 5 TR
Fta, D6 P S mdie . SEMR . HEAM . KamR
TRV TR ) 2 L T AR B 351K X IR 4. (P<0.05) .

R4 RSERMERE

Tab.4 Growth performance of sea cucumber A4. japonicus

T H 2H %) Group

Items D1 (0EKP) D2 (3% EKP) D3 (6% EKP) D4 (9% EKP) D5 (12% EKP) D6 (15% EKP)
WA H IBW/g 11.41+0.02 11.410.02 11.390.02 11.40+0.03 11.410.02 11.43+0.04
LR R FBW/g 18.46+0.67° 19.14+0.27° 20.45+0.11° 20.85+0.39°  20.56+0.88° 20.24+0.86°
R WGR/% 61.96£5.89"  67.92+2.34"  79.39+0.94"  82.91+3.45°  80.36+7.68"  77.58+7.52°
B R KR SGR/(%/d)  0.72+0.06° 0.77+0.03* 0.87+0.01° 0.90+0.02° 0.88+0.06" 0.86+0.06"
JRE L TBR/% 5.25+0.18 5.49+0.64 6.45+0.07 5.24+0.53 5.17+0.46 4.93+0.29
MEEE . VBR/% 9.28+0.49 9.95+0.73 10.12+0.64 10.30+0.67 10.07+0.24 9.58+0.12
AL R SR/% 96.21+4.56 96.45+5.74 97.38+3.51 96.52+4.67 97.35+5.43 98.44+4.37

e F—1rd, AR RS TR E R A R E (P>0.05), LA REA R 2SR B E(P<0.05), TR,
Notes: In the same row, the same superscript letters or no letters represent no significant difference (P>0.05), and different
superscript letters represent significant differences (P<0.05). The same as below.

90
80 +
70 ¢ 3

60F y=—0.198x?+4.102 9x+60.586
R=09501 x_ =10.36

WEE
Weight gain rate/%

50+

40

0 2 4 6 8 10 12 14 16 18
TR A o B
Dietary EKP levels/%

BT 020 o 3 5 ik v I AR o i A VA I ek ) [0 2B
Fig.1 Regression analysis between dietary
enzymatically hydrolyzed kelp power level and
weight gain rate of 4. japonicus

23 RSHBEXEFRSNEERSE

Mz 6 Frow, (R IN EKP I A B 28 i 2 4))
SARBER K4y . MR L OHLES D R K 4 % =
(P>0.05), BEERH EKP SHAYMEI, 4hSikEE
HAEAR G EREE LR TREMBES, D2, D3, D4
1 D5 4H B 27 T A IR ZH (P<0.05); K& iR & i 5

S bR RESE, AR A R E S T X A
(P<0.05).

2.4 RZinEH W ERF G BEE T

mFE 7 Pios, MEEEERS EKP &R A, 5
24012 7 18 UE B I RN AR RS MR 2 e BT TR
g, HINTE D5 Hikfe KA ; 4541100y 1 AR i i 1
PG B 3 M 22 7 (P>0.05)

BRI (GK) TN T T2 35 it (P ) R i s P =X
A T 2 ¥ 4l (PEPCK) 16 M 34 22 5 L TH)E T R
#, GK l PEPCK i D2. D3 fil D4 41 .3 & T %
M8 2H (P<0.05); Na'-K'-ATPase 157 D6 2H i & 5 T-H
14840 (P<0.05); Ca®*-Mg>"-ATPase I 14 Fii EKP %50
KPR PEm, & bFtE%, D3, D4, DS fil D6 41k
F T R (P<0.05) . BETAAEL EKP 58 M 0 T 2]
15%, 73 B 5% S BF(AST) M A 6 A i (ALT) T Pk A2 e
THE R TR 3, AST FIl ALT i P 7E D5 203k 5
e H o
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x5 ERFEMRIWHUAE
Tab.5 Apparent digestibility of nutrients

=] 2l 5] Group
Items D1 (0 EKP) D2 (3% EKP) D3 (6% EKP) D4 (9% EKP) D5 (12% EKP) D6 (15% EKP)
F#) 5t Dry matter/% 10.21+0.83  10.62+1.01 11.18+0.76 11.31+0.54 9.24+0.79 10.24+0.18
MM Crude protein/%  53.43+0.24°  55.39+1.71°  53.34+£2.03°  52.45+1.42°  48.10+1.33° 48.31+1.62°
MW Total phosphorus/%  21.78+1.06°  25.87+0.87°  29.75+2.03°  26.59+£2.99>  23.03+0.75% 21.9142.68°
MfE Gross energy/% 42.07+2.11°  46.51£2.65"  51.55+2.62°¢  52.98+2.58%  48.04+0.75" 52.22+2.71%
W F R Essential amino acids
IR Thr 49.92+£3.19  53.59+£3.92 51.16+3.74 48.94+3 86 44 .8842.56 43.18+1.68
AR Val 57.74£2.07  58.32+2.87 58.41+3.16 56.22+2.45 54.30+1.44 51.04+1.70
E & iR Met 61.93£2.13%  63.24+3.12°  63.39+3.43"  63.3242.47°  58.97+1.97® 57.03+1.93°
SRR e 61.44+2.76* 65.01+3.41°  61.86+4.88"  55.76+3.68"°  55.30+1.59° 52.05+2.38°
SRR Leu 61.8543.74°  64.21+2.45°  61.77£4.30°  60.47+2.20*  55.77+1.71%° 54.70+1.85°
RN FR Phe 61.79+2.93  63.91+2.43 56.19+4.29 62.31+2.04 51.02+1.55 56.28+1.41
AR Lys 62.49+3.78  65.94+1.89 61.56+4.21 61.51+2.70 58.06+1.73 57.47+1.42
2% R His 60.16+3.39*  66.03+2.05°  59.10+4.46"  60.37+3.24*  61.80+2.46™ 52.04+2.28°
AR Arg 65.45+2.83%  68.43+1.98°  64.27+2.60°  63.63+2.48°  57.74+0.88" 55.96+2.40°
JE T F FER Non-essential amino acids
RAHIR Asp 53.19+4.15  57.42+3.22 55.63+3.14 54.77+3.02 49.13+2.63 49.75+1.06
2GR Ser 52.95+2.50  56.07+3.98 53.32+43.07 52.53+3.29 47.3142.65 49.13+1.10
AR Glu 60.92+£3.22  64.28+1.41 60.55+4.21 62.32+3.00 55.81+2.13 57.38+1.74
B4R Gly 51.28+3.54  54.77+3.68 52.08+2.65 50.42+2.57 46.46+2.30 45.36+1.36
WA Ala 52.01£3.39  55.40+3.51 54.45+4.04 52.85+3.92 50.18+3.15 45.07+1.51
&R Cys 40.52+3.53  43.26+3.20 44.57+3.49 45.34+1.48 42.83+2.36 38.13+1.96
i &R Tyr 56.68+2.69% 60.90+2.52°  62.2142.96°  62.13+2.39° 57.79+1.59° 51.98+0.32°
% Pro 53.75£2.87  55.85+3.29 55.75+2.40 51.68+2.49 50.11+3.51 47.82+2.14
RMEIIR TAA 52.2142.28°  54.72+3.41°  53.07£3.15°  52.87+4.12°  48.17+2.35° 47.17+3.17°

25 RSHmEMLIERE

WK 8 o, Wil Shi A LRE T (T-AOC) Al 4
e 5 AL (SOD) T M Bl % EKP & A3, 455
T E PR, HIG M9 D4 411 DS 4l
5 AT B (MDA) & 2 U 2 315 SOD H S #a ¥,
D5 411 D6 41 MDA & & i 3 = T HAh 41 (P<0.05);
221 1)) SR AL AR (CAT)TE 1 TG A i 22 5(P>0.05)

3 g

AWFFEH, G RN EKP S04 S A4 K
. B EKP &g Wisten, K 2eTE)E i
foash, SRR 2 NSP M. F4EEEE. PSR
il AR IR TG A7 T o) 700 TG A 3 DM R R Vs 7 1

R T 96.88%F1 1.89% (% 1), Tkl ik it
FEFA R B B0 B E RS, AT RS 4920
THALFIM W, IFH, R i AN BRRR IR T HLARAR
W, dEmE s S A K ERE LR AE, 2009; Song
et al, 2016), A MICHIFR O LHIE T IS 2 Wi 2b 3
J& RE S A AR BRI VR S ARG . R4 AR (2015) )T
FERI, FILF4E % Bl A& A BT 5 (Enteromorpha
prolifera) it 47 I 5 T4 A AL 31 A fRDRL AT L) I 3
REHIZH SGR; HERBEQOINWIFLRY], M i
FE AT I 2 B = LGN KR (Litopenaeus vannamei)
) SGR, J-fit b 3 FRAR AL R A, 42 AR ek S
J1 o ARIFFREEEFUTHE R AR AT B A8, 19
BHHLAR | BERERE Y LT 1k ZE A 8 AR e R
KRS —gumiasy, Uil EKP 426 13S0 ek
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Tab.6 Proximate composition and amino acid composition of body wall of sea cucumber 4. japonicus (% dry matter)

e 215 Group
Items D1 (0 EKP) D2 (3% EKP) D3 (6% EKP) D4 (9% EKP) D5 (12% EKP) D6 (15% EKP)
7K 43 Moisture 91.31+0.46 91.46+0.42 92.03+0.57 91.61+0.19 91.44+0.25 91.74+0.59
HLEE H Crude protein 48.43+1.72 48.75+0.72 48.81+0.51 47.98+1.33 48.03+1.16 47.99+1.21
HLAE W5 Crude lipid 2.75+0.10 1.96+0.19 2.70+0.24 3.17+0.15 3.02+0.45 2.76+0.44
MK 4Y Crude ash 33.06+1.14 33.80+0.86 34.01%1.10 33.63+1.05 33.41%1.67 34.50+1.91
Wi 2 B Essential amino acids
INR R Thr 2.63£0.11 2.54£0.17 2.63£0.01 2.50+0.07 2.55+0.08 2.51+0.11
AR Val 2.23£0.05 2.09+0.22 2.27+0.02 2.2740.05 2.06+0.12 2.17+0.08
R BR Met 1.27+0.06° 1.51£0.02° 1.50£0.04° 1.42+0.06" 1.47£0.07° 1.16£0.16%
SILER Tle 1.32+0.10 1.38+0.05 1.3540.05 1.2940.10 1.47+0.11 1.2840.05
SE R TR Leu 2.57+0.13 2.6240.11 2.59+£0.02 2.50+0.09 2.60+0.06 2.48+0.08
RINE R Phe 1.7240.16 1.81+0.17 1.70+0.07 1.73+0.03 1.8340.04 1.75+0.01
IR Lys 2.03£0.01 2.07+0.04 2.05£0.03 2.05+0.01 2.1340.06 2.04+0.01
HE R His 0.62+0.01 0.65+0.02 0.63+0.01 0.65+0.01 0.66+0.02 0.64+0.02
BRI Arg 3.07+0.01 3.10£0.07 3.02+0.01 3.06+0.14 3.26+0.14 3.15+0.01
JE 5 A FL R Non-essential amino acids
KA G R Asp 4.82+0.13 4.70+0.24 4.81+0.02 4.54+0.17 4.74+0.10 4.62+0.18
225 R Ser 2.60+0.15 2.4240.14 2.5340.02 2.39+0.07 2.4240.05 2.44+0.09
HEIR Glu 6.27+0.05 6.23+0.17 6.31£0.06 6.29+0.18 6.51+0.17 6.29+0.10
HZMR Gly 6.13+0.24 5.68+0.33 6.10+0.16 5.32+0.30 5.85+0.40 5.81+0.63
AR Ala 3.01+0.05 2.84+0.16 3.01+0.04 2.70+0.13 2.86+0.14 2.86+0.16
LM EFR Cys 1.68+0.05° 1.80+0.06° 1.94+0.02° 1.93+0.03¢ 1.92+0.02¢ 1.89+0.01°¢
1% &R Tyr 2.34+0.02 2.3440.04 2.28+0.03 2.41£0.11 2.3440.06 2.61£0.25
&2 Pro 3.34+0.11 3.18+0.17 3.30+0.10 3.01+0.13 3.24+0.15 3.12+0.24
BEILR TAA 47.92+0.78 46.98+0.66 48.14+0.85 46.15+0.38 47.15+0.74 46.18+0.47
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Tab.7 Activities of intestinal digestive and metabolic enzymes of sea cucumber 4. japonicus

215! Group

A

Items Dl D2 D3 D4 D5 D6

(OEKP)  (3%EKP) (6%EKP)  (9%EKP) (12%EKP) (15% EKP)

JHALEE Digestive enzyme

HE it} Lipase/(U/g prot) 7.25+0.28 7.39+0.54  7.21+0.88  7.24+0.35  7.33+0.46  7.12+0.39
JERIHE Amylase/(U/mg prot) 1.43£0.03*  1.88+0.16™ 2.05+0.15°  2.13£0.09° 2.35+0.14"  1.69+0.25%
% i Protease/(U/g prot) 1.36£0.08°  1.69+£0.11°  1.88+0.12°  1.91+0.14° 1.96+0.07°  1.3240.09°
R Metabolic enzymes

HEFHYE GK/(ng/mg prot)) 5.00+0.20°  5.55£0.11°  5.68+0.10°  5.94+0.14°  4.84+0.09"°  4.62+0.18"
IERR 8 PK/(U/mg prot)) 80.86£1.35™  83.53+£1.62* 86.51+2.82" 89.53+1.75° 77.03+4.95° 74.91+2.57°
W E P AR Rt 167.66=11.72% 222.63+10.36"281.70+17.91° 294.48+10.67° 344.52+18.86° 237.49+13.23
PEPCK/(U/g prot)

Na'-K'-ATPase (umol pi/mg prot/hour) 3.26+0.40"  3.28+0.12° 3.47+0.79"  3.98+0.38" 4.21+0.65"  5.11£0.46"
Ca®-Mg*"-ATPase (umol pi/mg prot/hour)  1.19£0.06*  1.30+0.10*  1.73£0.09°  1.95£0.17° 1.91£0.17°  2.26+0.11°
BN EE ALT/(U/g prot) 1.6740.19*  2.05+0.13% 2.22+0.15°  3.02+0.25° 4.65+0.36°  3.43+0.15°
AR EE AST/(U/g prot) 1.4140.17*  1.58+0.10® 1.84+0.18°  1.94+0.08° 2.83+0.15°  1.96+0.34°
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Tab.8 Intestinal oxidation resistance of sea cucumber 4.japonicus

i [ 247 Group

Items DI (0 EKP) D2 (3%EKP) D3 (6% EKP) D4 (9% EKP) D5 (12% EKP) D6 (15% EKP)
1+ A Ak S B CAT/(U/mg prot) 124.31£13.11 134.31£14.14 138.09+9.89 125.91£10.71 125.66£12.26  122.85+11.52
B AL Y B AL SOD/(U/g prot) 10.59+0.15° 10.76+0.41° 11.31+£0.27° 12.27+0.62¢ 12.50+0.74¢ 9.71+0.39°
BMBAMLEE S T-AOC/(nmol/mg prot) 67.55+1.50* 68.45+0.90° 73.15+2.00° 80.38+1.43° 78.22+1.38° 73.92+1.42°
A~ MDA/(nmol/mg prot) 1.99+0.14°  1.82+0.14°  1.84+0.18"  1.64+0.15°  2.39+0.22° 2.5140.17°

TR B RARRI R, e TR St A K (H
AWML, HSHERKERIFAREE EKP R
It — 4R . M, EKP B0 BIRE T 9% F 5L
WS HERRM I N RS, BTSN 9% EKP AJ
AT 28 i G S AL AR AL JRE DG, Skt
WA RACE P A IR . 200 55 (2015) B 58 3R T,
TR b as N2k LA ) & R S AR S 4 S 1)
B R A AR, D R R e it 1Y) R IR o R Y
) 7] W RN 2 R R S /N o ) T R AT R A TR 2
WSIEH BIWNE, WIS E KR, ARFoess
R, 4 EKP ISIE A S| 12%~15%0, HLE
FEULTH A0 25 5% REZH A B S 3 R AIG, 0 BH 38 J5O0E &
FE AL 52 A R, 55 o fi %o 7 5 0 o ) I
WFRE T HSHAN LR ZEREIN RS, EL)
ZHERK BN, XA TSN EKP R4
SR MERE I R A o 2 LR 1Y) 4 BSURN 2 LT fh 3 2 Tk
B TRDRE R B T A R 2 (2R AR, 2021),
AHEFEH, Met, Tle, Leu. His. Arg Fl Tyr [N
HALRA B EE, Hdr, Ile. Leu. Arg #l Tyr
SE EKP S THE 2T S TR,
lle. Leu. Arg %7 EKP Wil HN 3%41 ik 5 i
K, UL EKP B4 S TSR E 4 Fha
AW, T B R Z M AR 25 S5
ARG, BE R EKP S m, %
HZ [ REE K Sy A L IR . B & 50
WER, VRN EKP A SRR S
TRBERDTRRLR B o © A ZUh 208 R 7K1 32 24Dk}
B 5 B 5 (Takeshi e al, 2000), M2 KL £
FEAT, SXTRRAIAH L, fRDkE EKP 938 7 04
T2k EEd Met Fll Cys &, JiLR & Met 1 Cys
()2 LI AR AR, B2 R T Fh MR SR B =, XoF
5 RRE S IR OB B 5% M AR .
TERRH R R ANE 9 EKP it B E R m 42 m i
R REFIVE R BTG , A B T4 S0 8 A SRR Y
THALIR N, S g S W 2 B i A 25

FEHCT AEVE By A K A3 B 10T, ol 340 JEURE A AT
HEASERERS, ISTES W, st
()4 75 40 2 38 P 2R AN S R IS M o (EE 4 2
AR WM A2 EKP IS, D e il fige Ak
H R BB R IR DT ) B BRI KA I AR f
K= Sl A A A R 7 X S FL s 2L, #R
S W TR A FIOBE S A U ) R ARV, DAZERE SR P A
EBERYFa & (Sergio er al, 2012), GK il PK &b %
WA SRR A, T GK 1) K, (EARAK,
S T 40 L PN R 2 B R R R A A R, R
GK 11755 1 AT A8 Sy 40 VB 200 it ke 43 2685 40 1) 90 6 4 o
PEPCK &Ml S A i R AL, 7T LIk 2L e o 2
i S AR W S o b S A AR AR e A R A, ZEHRAL
ENE AR . AP, 4 EKP M 0 42
=3 9%, GK Al PK & E TS, 4 EKP & i
M 12%3) 15%FF, GK HI PK 1 i A%, X
&Y EKP X3 S M e A 2 i /E . PEPCK &M
Bl EKP 7 it A3 S5 S 5 T R 78 12%
HIRB KA, XULPIRES EKP Wit iy4 s, [\
B AR HE 1 W T A IR S A A S 0z, (S R i 35 5
12%5F, 02 17y T 240 L 0% T i i 3553 T S A o R
i, VLAHAE 9%~12%I8 /K- 48l /2 0 S X0 0 757
K, MU NG i 0 A A B s th A Ak . ATP BiTE
25 W R 2 R S SR T W G R v, A R
fIVEF] o Na™-K™-ATP i fll Ca® -Mg”"-ATP [t} 41 it i
ARG L (BOR N, 2021), ATP G PERYTHE
A BT A N Rt ACE . BT is R B AR, X4k
Frau ey A BT e B MME R . AP, 431
B ) Na'-K"-ATP il Ca®"-Mg” -ATP [ifi% /115
ML BEE EKP & & BT g W s ke, xR
BRR S I EKP $2 0 T8 = K i fitie . o5
Hb, ARG R, A ARES KT (3%~12%) ALT
FAST WEMERETE, (H Ik ] =2 0
WM. ALT Fil AST JE sl ik i ok B i /2 b iy
2 A AR IEE, IS A SR — e R R T L
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PR 5 B R 40 i BE T (Yan et al, 2007). [
I, ARG B DR A IS f Y EKP REAE—E
PR RS miE T & A AR B Ty, i
WSR2 ah S E R o, AR &
SFOFEE LA

AR DY s R T A A 7 A $E SOD .
T-AOC Fil CAT 4, SOD /23y A PN 5 5 1) 41 A Ak il
Z—, SR B R R ARIEEER, M E R ST
5 BR AL T —Fh sh A, DT ko X AR 4 4
AR AE (R BH, 2012), T-AOC F{H 55 5 filt B Fe 1 9%
YIAHOG, Z PR & A AR RO 2 MR R ALK,
DA E B MR A AL . MDA 2 2 AN IS iR 32 2 H
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Ao FELAVI(2010) 545 35 SEMH FIE Sk o] MR 2 40 d
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Effects of Dietary Supplementation with Enzymatically Hydrolyzed Kelp
Powder on Growth, Digestion, M etabolism, and Oxidation Resistance of
Juvenile Sea Cucumber (Apostichopus japonicus)

WANG Meigi'?, SONG Zhidong®, GUO Peng'?, LI Baoshan®, WANG Jiying’,
HUANG Bingshan®, SUN Yongzhi®, LI Peiyu*”

(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
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Abstract As a raw material for aquatic feed, kelp has a large output and is rich in sugars, minerals,
vitamins, free amino acids, fatty acids, etc. It is not only a natural bait for sea cucumbers in natural seas
but also often used as a main ingredient in compound feed for sea cucumbers. However, kelp contains
non-starch polysaccharides (NSP) which are difficult to be digested by endogenous enzymes secreted by
aquatic animals.

Enzymatically hydrolyzed kelp (EKP) powder is made by hydrolyzing kelp powder with a compound
enzyme preparation (NSP enzyme : cellulase : neutral protease : flavor enzyme =8 : 12 : 3 : 1), and the
compound enzyme is added at 3% (by weight). The ratio of material to liquid is 1 : 6, and the conditions
of enzymatic hydrolysis comprise a temperature of 50 ‘C, pH 6, and reaction time 6 h.

A feeding trial was conducted to investigate the effects of EKP on the growth, digestion, metabolism,
and oxidation resistance of juvenile sea cucumbers Apostichopus japonicus (Selenka, 1867). In this
experiment, fish meal, kelp meal and EKP were used as the main protein sources to prepare a basic feed
with a crude protein content of 12.00%, a crude fat content of 0.40%, and an energy content of 6.20 KJ/g.
A total of 540 healthy sea cucumbers with an initial average weight of (11.4+0.04) g were selected and
randomly assigned to 18 cylindrical circulating buckets. They were divided into 6 experimental groups
with 3 replicates in each group and 30 sea cucumbers in each replicate. Six experimental diets were
formulated with the graded levels of EKP, 0% (D1, control group), 3% (D2), 6% (D3), 9% (D4), 12%
(DS5), and 15% (D6) dry diets. The feeding period was 56 days. Bait was fed once a day at a fixed time
(16:00). The water was changed every 3 days, and a siphon was used to withdraw the residual bait and
feces from the bottom of the bucket. The amount of water changed was 1/2 of the water level in the
bucket. The breeding experiment was run for 1 month. During the breeding period, the water temperature
was 13~17 C, pH was 7.5~8.2, dissolved oxygen was at least 6 mg/L, and salinity was maintained at
28~30.

The results showed that: (1) The weight gain rate and specific growth rate of sea cucumbers in the
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D3, D4, D5 and D6 groups were significantly increased as compared to that in the control group, with the
D4 group reporting the highest values. (2) The contents of water, crude protein, crude lipid, and ash in the
body wall of sea cucumbers were not different among groups, but addition of EKP significantly increased
the contents of methionine and cysteine. (3) The activities of intestinal amylase and protease increased
first and then decreased with the EKP addition level increasing, but the lipase activity was not
significantly affected. (4) Dietary incorporation of EKP significantly increased the apparent digestibility
of crude protein, gross energy, total phosphorus and six amino acids. (5) The activities of intestinal
glucokinase, pyruvate kinase, and phosphoenolpyruvate carboxykinase as well as the total antioxidant
capacity increased first and then decreased; the activities of Na'-K'-ATPase or Ca’’-Mg*'-ATPase
showed an increasing trend with increasing EKP addition levels. The malondialdehyde content followed a
trend opposite to the total antioxidant capacity. In conclusion, appropriate addition of EKP has positive
effects on growth, digestion, metabolism, and oxidation resistance of A4. japonicas, and it promote the
growth of sea cucumbers. The predicted optimal supplemental level of EKP in the diet of A. japonicus
was 10.36% (12% feed crude protein) according to the quadratic regression analysis on weight gain rate
against the EKP addition levels. This research provides a theoretical basis for the use of EKP at compound
feed for A. japonicus.
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