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Fusd s EBIHL FTRE ZEE ZFx FREY
(UERBEERESHENRTGE WA BEEASBEESSKE WG 264006)

FE  KHT 5 T 47 ) S (Apostichopus japonicus) 4 £ [(10.02+0.03) g] 4 K M8 . R4 o . 73
WA EEE M KRR R e R R R A, IR BB 3 (Sargassum  thunbergii) . 47 # (Sargassaum
horneri). % (Saccharina japonica). ¥ # & . # Zii(Ulva lactuca L.) KR & 5 0 7 #| 5 4 % 57 7
BN ARE, EERNERKEARTHTT AHS6d WA LE, HFET, 1) REEMESER
4R S 0 B E R (WGR)Fn b & & K F(SGR)W B & & T 1t & 3 0 41 (P<0.01), ¥4 & 418 & 1
WGR #1 SGR & 1., 71Kt (IBR)F B (K L (VBR) Y B 2K T fb 4 41.(P<0.05), 4 4l 4 77 08 &
(SR)% "+ 8 E(P>0.05); 2) FREERMRSEERS, HAS. HEAMMEHZHALLE
(P>0.05); 3) REEfMREAENAEBEAREUREZ S TIEY . BHEaEa, BHEH
R IR(P<0.01); BT o-72 ¥ B Ao flg 7 B 78 M T B 2 % 781 (P>0.05), xR 5 218 6 B8 R M K
EAWEE R H(P<0.01); 4) 2% A AR 4 %04 R 5 W 2 04 5 B (T-SOD) . B M3 BR
B (ACP)fn 2 1 2 BR B (AKP) /& MR 2 2 5 T H b & 41(P<0.01), 4 E 4 7H B MDA & ER L E
BT H A (P<0.01), HAREKWH, ERERFUET, 65 RASHE KR EERREEZE
B, RinE—EREARABNERRRENAERR, ESHERRGHTM, HEKBREEES RS
RS R e R R AR — 3

KA RA, RER; Eh; £KME; HAE; EEREaRER

FESES $963.71  XEFRIRAEE A XEHES  2095-9869(2019)03-0160-08

J&& . B % (Sargassum thunbergii) F1 25 F2 3% (Sargassum)
BN R R AL BRI SR, BTk BETFR 2 & RE
W Rk R SRR 2 . RARMGEL Y, 02 2 LI

135 %2 (Apostichopus japonicus), R %2,
AT B ISR R Z — W SE N RN
KBz —, LIEEA . B2 Ew SO i

PR, BER HAEAR I L, RSB S5 E
Bt WBFORERIIR, SIEIRA ™ L AR
AE Y, IO TR B SR TR BOWEFE A TR
Bric, EaRmRiRESR Z , RIS R Tk ik

Yrep A AN | SRS . AR R A
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AR SRR, S8 AR Y B i A RV S R R YOk
T, B AR A o N T RC A DRk 250k |
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R A DG HGE , #8535 T 0 S 95 5
187 ANES B 5% RS (Wen et al, 2016; BB T4,
2015; Z5R5%, 2017; JEARSE, 2014; &7 0R5, 2017,
A 4E, 2007). A ZE(Ulva lactuca L.) il i 47
(Saccharina japonica) & H [ 4t 77 1R 52 el H A % 4
IR Ko, A B NT%ER . ks, &
FIR . Rl e £ mEREds, Haic )z m ATl
ZFEFH . i (Sargassaum horneri) e H [ B2 T i
I R VA DXV A Y R B K AR B B, R RR
K, BB, ZA KA T A b, RO
TEOKIH, SRR P AR, S ANE S A E A
YR | LR Ry Y, AR ) R
A, VR Tl £ ah RO G R HL A W K K v
F1, AR H ORI B BT IZ I R R O I OB 4
2008). VAT R T AR IE AT A 7= &, A7 oK
BiEviee, HEEE G, MR, IR A
WAL g, DRV TR BUASE RSN, ANIEYEAL S
TH 5 A5 EV AT RO, BT LA, VR 2 A U 1R
BUR , 2 ME . HLEF g Rm ) 5558 7=
S, FH A AR ) 2 A AT S B A A 1 v (AR
X — 5 43 B R ) R AT e A 5 R R ik
45% L4 (IR R IR AR, 2010) , ARF5E 72 S 4 S B0 A 1)
RER AR | TR SRR A R, 5 R
2 1) TR DRSSO G O 9, R A e B 1 iz
RO, DU SRy R0 i i 7 0 2 TS DRk e )
S,

1 MBETE
L1 ERER

PLEaRY . NAE R | IR AR N R ELEURL, X IRAL R
SURB R (D1 W [ S T i m il ek FRA R, 4051
B R (D2 R FVLH A ERIRTH K F X IR KK, T
7% 41 20840 CFU/g; KIAFTFIA 16 MPN/100 g; ¥01]
[CHR . WA MRS . & ORI A BRI . BB [ R
K ) IR (D3 W R ST AR O R AR R A B
N T (D4 W AT S IR AR PR AR R A PR
A A EERN(DS W A TS Z IR DR R A R A R
Ko S FPHF RS IR S 112 12 1; DO)RILR
B, BOHIAL 6 Fhac s imlkl, ARSI iR EHME & 30%
IBERY o W5 T A SEU0 JFURE IR A), 518 B fif 221
KRS, TR ML TSR K 2 mm B9 H R4
B, FIRKT BN S%EA, HEET-20°C KA &
Fi o TARHEC T I A E SRR L 1, SO0 b Rl 3
FRZH WL 3R 2,

1.2 (AFERE

SIS A 20 T AR R AR A BR A
A, IERTEET, T AESKFEERSE T, H
X FEZH (PR e 4 Tl RS W 14 d, il S 40508 N 57
B R B A A S S ikt BEHR 540 Sk RAS g8 — | 1K
JERE . WIHARTE 4(10.02£0.03) g KIS BENL B
F 18 PBEEHNKAE N (D 65 cmx80 cm), LK Ir N
6 4, B4l 34 FiT, BT 30 k1=, B
WCE 2 AR ORISR ENE AR 2 Rl 5K
ERPERIE 1 7R (16:00), HIEEMER SHS R E
() 2%, WLEHR B0 IF B i R it 4 3 d R
IR W AR S S, SEER SR 56 d, SEg ]
B KoK 0 1/3, 36K IR (18+2) °C L, % A >6 mg/L,
pH 4 7.6~8.2, Ll 28~32, NO,-N<0.05 mg/L,
NH;-N< 0.05 mg/L, Y& EHA A SRR .

1.3 HmXEE&E

S PO I IR I I S 2, BT AR Y
NI I GERE AR, TR TR 60 CHET,
FFRRANEME K I RE . WIS RIG 2R 48 h, 43
)X A R S AT I RO FREE A A Bl AL 2B
10 SKZ, filor B IE . IARRE K il , ARSI
T80 CIUKFE&H . I BMBEYLE 3 L=, I
FHV 2 0 A N At ) Gl B IS B R ), S0 B R IR )
B 0.8 em A2 45 9 [ T Bouin’s i 24 h )5, {4
T 70%IKE H, Sk, B B, ail)E, o
TTERAWESY R, VIREER 7.0 um, K54
H.E a5, P E R dt s, 7Epk R mig i
A4 (LEICA ICC50 HD) FWIELIF4A R . M—80°CUKAfih
BRI ZmiE, KB IRAE, 4CEL 20 min
(2500 r/min), F¥EWCHEGBR)T 4 CHRA7, HTHk
il 0B 38 ot 1% 1 T 5E (24 h N AE ) o
14 HEAKXSXWHE

14 % (Weight gain rate, WGR, %), 4 K%
(Specific growth rate, SGR, %/d), {71 % (Survival rate,
SR, %), Wikt (Ratio of intestine weight to body
weight, IBR, %), LA H(Ratio of viserosomatic weight
to body weight, VBR, %), LI F AR ITHE:

WGR=(W—Wi)x 100/W, ;

SGR=(INWInW)x 100/T;

SR=(17{% B /9] i i) < 1005

IBR=(/Ifs 1 J5i /{4 )< 1005

VBR=(N HIE S5 ft /1 H)x 100

2, WRT W 4350 S B4 9 2 17 240 Bk
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Tab.l1 Composition and nutrient levels of the experimental diets (%)
J5 B} Ingredients A15 Groups
DI D2 D3 D4 D5 D6
fi} Fish meal 12.0 12.0 12.0 12.0 12.0 12.0
MK Seaweeds 30.0 30.0 30.0 30.0 30.0 30.0
/NZ ¥y Wheat meal 10.0 10.0 10.0 10.0 10.0 10.0
AL 4EE  Microcrystalline cellulose 50 5.0 5.0 5.0 5.0 5.0
¢ Sea mud 36.4 36.4 36.4 36.4 36.4 36.4
KIZIIHENE Soy lecithin 1.0 1.0 1.0 1.0 1.0 1.0
W RERELE Wall-broken yeast 0.5 0.5 0.5 0.5 0.5 0.5
B{J5E Xanthan gum 0.5 0.5 0.5 0.5 0.5 0.5
JR/R G Guar gum 1.5 1.5 1.5 1.5 1.5 1.5
HiE b5 Antioxidant 0.1 0.1 0.1 0.1 0.1 0.1
e 2 WORE K Vitamin premix® 2.0 2.0 2.0 2.0 2.0 2.0
YR BUEK Mineral premix® 1.0 1.0 1.0 1.0 1.0 1.0
41t Total 100.0 100.0 100.0 100.0 100.0 100.0
BEFRA(T¥E) Nutrient composition (Dry Matter):
HLZE 1 Crude protein(%) 15.26 14.46 16.64 16.83 16.23 15.90
KI5 Crude lipid(%) 1.54 1.91 1.80 1.73 1.41 1.80
KUK 3 Crude ash(%) 50.03 53.06 47.99 46.32 48.14 49.21
fiEt® Energy (kJ/g) 11.57 10.58 12.30 12.73 12.12 11.94

a 4E/E R IR B (mg/kg TRRL: 4L R A, 38.0; 4i4:K By, 115.0; 4i4: % B,, 380.0; i K By, 1.3; 4i4:% Ds, 13.2;
- F W, 210.0; MR, 1030.0; 2R, 368.0; EHZ, 10.0; MR, 20.0; HLIRIMAR, 500.0; FHEZMH M EE, 88.0; JILEE, 4000.0
b IR TR B (mg/kg TEEH: KCl, 3020.5; KAI(SO,4),, 11.3; NaCl, 100.0; KI, 7.5; NaF, 4.0; ZnSO4-7H,0, 363.0;

CuS0O4-5H,0, 8.0; MgSO,4-7H,0, 3568;
C¢HsO7Fe-5H,0, 1523.0; Ca-lactate, 15978.0

MnSO,-4H,0, 65.1;

Na,SeO;, 2.3; NaH,PO,-2H,0, 25558.0; CoCl,, 28.0;

a Vitamin mixture (mg/kg diet): vitamin A, 38.0; thiamine, 115.0; riboflavin, 380.0; vitamin Bj,, 1.3; vitamin D3, 13.2;
a-tocopherol, 210.0; nicotinic acid, 1030.0; pantothenic acid, 368.0; biotin, 10.0; folic acid, 20.0; ascorbic acid, 500.0; pyridoxine

hydrochloride, 88.0; inositol, 4000.0

b Mineral mixture (mg/kg diet): KCI, 3020.5; KAI(SO,4),, 11.3; NaCl, 100.0; KI, 7.5; NaF, 4.0; ZnSO,-7H,0, 363.0;

CuSO4-5H,0, 8.0; MgSO4 7H,0, 3568; MnSO,4H,0, 65.1;

C¢Hs0O7Fe-5H,0, 1523.0; Ca-lactate, 15978.0

R AR R, T AR KA.

TR SR Z AR RBE 7K 43 . MUK 43 . RLRE 7 SOM 2R
HE B4 kYR GB/T6435-2006. GB/T6433-2007 .
GB/T6433-2006 F1 GB/T5009.5-2003 i , 4kl AE R
K FH R 1 T 72 (PARR 6100), R AN A 7 K 43
(Acid-insoluble ash)fi 45 GB/T23742-2009 & ; Wih
FE R AR R B (5 S 578 L TR B (Trypsin)
J8E 75 1 fiff (Chymotrypsin) . a-JE ¥} ff (a-Amylase) . JI§
Jii i (Lipase) . &L # % 1k 9 157 1k (Total-superoxide
dismutase, T-SOD) ., B I B2 it} (Alkaline phosphatase,
AKP). BRVEBEMRHF(Acid phosphatase, ACP)I& 4 & A
—[#(Malondialdehyde, MDA) % #342% F g 5t 2B 4
TARWFZE B &l e, W ik S A0 el
A5 AR TR E 2 BIE BRI E 7575 (GB/T 14924.10-
2008), K4 H sh & FLMR I ¢ {X (Hitachi L-8900, HA)
M

Na,SeO;, 2.3; NaH,PO,2H,0, 25558.0; CoCl,, 28.0;

1.5 HESH

B B R0 SPSS 18.0 HEATEAN &K )7 2270
(One-way ANOVA), H Duncan’s ¥ 5038172 & He i,
P<0.05 NZEFTE, P<0.01 NZERWTE, P>0.05
H 2SN L G EE L S {EER fE 1R (Mean+SE)
LA ZRR

2 #R
21 AEEMI RS ERMLE. BEBRREEER
SEA)

AN [R) A X 2 0 A KR BE LA S,
F 3R BN, IRAE 5 X IR R Z WGR I
SGR & & T HABA L (P<0.01), 4 ¥4 554 2%
SN E(P>0.05), HIEEMKT A ZE4(P<0.01), ¥
WE A A AL S ) IBR A VBR ¥
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Tab.2 Amino acids composition of experimental
diets (Dry matter basis, %)

AR #0151 Groups
Amino acids DI D2 D3 D4 D5 Dé6
HRIR Arg 0.77 0.78 0.90 0.89 0.90 0.82
2H & R His 026 0.27 0.27 028 0.28 0.27
ot e 0.45 0.47 0.56 0.58 0.57 0.51
SE %R Leu 0.97 0.99 120 1.21 1.17 1.07
5 BR Lys 0.83 0.90 0.91 0.89 0.88 0.85
HATR Met 0.33 025 0.43 0.43 0.43 0.40
AN % R Phe 0.59 0.61 0.74 0.74 0.73 0.66
P12 R Thr 0.63 0.64 0.78 0.79 0.76 0.70
R Val 0.57 0.59 0.71 0.73 0.72 0.64
KEH IR Asp 133 1.49 1.67 1.66 1.59 1.1
22 1R Ser 0.75 0.76 0.88 0.89 0.86 0.81
HE M Gly 092 0.94 1.11 1.10 1.07 1.00
HE R Ala 0.86 0.91 1.07 1.06 1.04 0.96
LB BR Cys 0.19 0.18 0.24 0.25 0.23 0.22
M S R Tyr 0.41 0.37 0.41 0.40 0.38 0.40
B &R Glu 3.33 278 3.08 3.09 3.00 3.00
[ 22 Pro 0.74 0.78 0.90 0.90 0.87 0.82

BE M TAA 13.93 13.7115.8615.89 15.48 14.64
R EFERLSY (T J5R) Seaweeds nutrients (Dry Matter)
ML Crude protein(%) 16.08 13.18 19.53 20.86 18.25 17.60
HMUIEHS Crude fat (%)  1.24 1.26 2.02 1.98 1.42 1.62

IC T HAth 2% 2H (P<0.05) ,  Hifth #% 20 [|) 22 % A B %
(P>0.05) ; A [F] ¥ 5 Fy X il 2 SR S M A i 2 (P>0.05)

X4 5 R W, FRVR I | AR . A28
KRA BN S REHE = ) 2 R BERL R (1 % i, (HS %
HEZH 22 57 N 235 (P>0.05), AN [R) Vi 356 493 X i) 2 {40 BE 7K
a3« LR 53 ARG I 52 A 2 3 (P>0.05)

2.2 AEEESN RS ELEE TR

SR i R B o 4 ) 2 i 38 R 2 ¥ TRl O 2
FE TS | WA LG 2641 (P<0.05), i e 4
WA 20 22 R 25 (P>0.05); A I M A 2y L il 2
TE 114 8 1 e TS IR T A 45 4 (P<0.05), HiAfth
KA ) 22 R 2 (P>0.05); A[RIALFRA o-FE 45 i A1
BT T T 22 SR 35 (P>0.05) s A4 S 28 H Y
PR ANV M K 20 35 8 T X IR 41(P<0.01), Hifth 45414
W E T X IR 4L(P<0.01)(3E 5).

23 FEEENHS IS REREEENTMN

H 2% 6 ] 0L, AN [] i e ) 2 AR R S v e e AT
WEER, AT AU S 5iE T-SOD {5 % B KT
HALAA1(P<0.01), TRABMY W2 & TH B .
KA ZEH(P<0.01); WLl S 5HiE MDA &&=
FE T HAB R 4 (P<0.01), f7 2641 B A% T % B4
(P<0.01), TRABENAL 55X IR 22 5 A 1 3% (P>0.05);
AR TR S/ ACP, AKP 1P HA W55
(P<0.01), A7 EAHIZH) ACP 7Pk K T X g

x®3 AREESMNRNSEKMERE. BAEREEERNNE

Tab.3 Effects of different seaweeds on the growth performance, morphological parameters and survival rate of A. japonicus

1ji H Items

2 5] Groups

DI D2 D3 D4 D5 D6

WIRIAE W (g) 10.01+0.01 10.02+0.02 10.04+0.01 10.04+0.03 10.02+0.03 10.01+0.01
KIKE W (g) 18.83+0.23*  13.17+0.07° 13.3120.09%  11.19+0.11¢ 13.72+0.07° 18.92+0.16°
BEH WGR (%)  88.33+2.33%  31.29+0.23° 32.76+0.93¢ 11.37£0.57°  36.97£0.60°  89.20+1.60°
FiE B K#E SGR (%/d)  1.13£0.02° 0.49+0.00° 0.51+0.01° 0.19+0.01¢ 0.56+0.01° 1.14+0.02°
Wik IBR (%) 3.34+0.04  3.37£0.05° 3.26+0.05% 2.3740.09° 3.16+0.03° 3.39+0.05°
JEMA L VBR (%) 7.84+0.38° 7.12+0.37° 7.44+0.35° 5.77+0.27° 7.49+0.15° 7.75+0.34°
5% SR (%) 91.67+1.67 88.33+1.67 88.33+1.67 83.33+0.00 95.00+5.00 88.89+1.11

T Al —AT B AR A A R n AN [R) 4 ) 22 57 . 2% (P<0.05), T 3K [

Note: Values within the same row with different letters are significantly different (P<0.05), the same as below

R4 TEIEEM IR S B RS20
Tab.4 Effects of different seaweeds on the body wall composition of A. japonicus

2 %) Groups

Ui H Items
DIl D2 D3 D4 D5 D6
/K43 Moisture (%) 90.80+0.35  91.30+£0.08  90.72+0.15  90.58+0.20  91.05+0.21 91.32+0.06
HIZE 1 Crude protein (%)  42.96£0.44  42.71£0.35  43.46+0.07  43.63+0.62  43.63£0.23  43.70+0.09
HMLAEW; Crude fat (%) 3.58+0.26 3.66+0.05 3.58+0.09 3.94+0.14 3.63+0.02 3.77+0.10
HLJK4Yy Crude ash (%) 36.23£0.04  37.30£0.24  35.924029  36.73x0.16  36.22+0.43  36.44+0.51
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Tab.5 Effects of different seaweeds on the digestive enzyme activities of A. japonicus
2l 5] Groups

DI D2 D3 D4 D5 D6
Ji % HB§ Trypsin (U/mg prot) 820.93+21.13% 798.95+42.57 714.61+27.94™ 630.35+24.67° 720.34£13.07° 816.15+26.80"
BETE AT Chymotrypsin (U/mg prot)  4.39£0.26°  4.30+0.14®  3.75+0.15°  3.39+0.11° 3.55+0.14° 4.29+0.18%
o-JER I o-Amylase (U/mg prot) 1.13£0.03 1.24+0.06 1.07£0.06 1.09+£0.07 1.07+£0.06 1.2420.07
& 5B Lipase (U/g prot) 6.32+0.27 5.60+0.09 6.20+0.35 5.83+0.20 6.53+0.14 6.52+0.20
BRANVE M K 53
Acid-insoluble ash(%)

i H Ttems

4224+022°  43.52+40.16*  39.71+0.15%  41.85£0.24°  40.75+0.15°  40.47+0.13°

*6 AEIEEMNRSIEFRMEEMENTIM

Tab.6 Effects of different seaweeds on the nonspecific immune performance of A. japonicus

2 5 Groups

1ji H Items

DI D2 D3 D4 D5 D6
Ty

S AL AL Al 20.99+1.07"  18.81x1.00° 19.14+0.82° 14.96+0.60° 18.3740.12°  22.65+1.30°
T-SOD(U/mg prot)

9 ¥ MDA(nmol/mg prot)  1.44+0.04° 1.36£0.07> 1.29+0.06™ 2.010.11° 1.17+0.08° 1.310.04%

TRVEREIRME ACP(U/g prot)  134.22£6.92%°  119.04£3.45  129.21+4.45®  111.19+2.93°  129.57+4.18®  138.33+8.25°
TRPERERREE AKP(U/g prot)  457.58+11.64°  366.27+17.56° 418.42+1420% 352.44£16.66° 385.15+20.42° 461.99+11.38"

HIARAHEMAL(P<0.01), HApKA S RAZREA B3, REEATRG S0 A0S 18 95 R 8K
3 (P>0.05); HBE . WAl A i IE AKP WG TE T AL, HAEE AR, e Ry i A
WEMRT X IR (P<0.01), RGHMAGXRAZES SR/, HOEEm PN, A R A 25240 45 5%
AN E(P>0.05), R

24 FEEEIFSHIEHARALEHHZE

3 it
B 1 6 LRI R 52 0 v i i D) 20 21 25

Lo R N T S0 P B 7B iRy iab - AL RS HE AT L, DR AR 30% Y B4

D4

P S [ T T 3R 2 M T 2H 4 5 48 52
Fig.l1 Effects of different seaweeds on intestinal tissue structure of A. japonicus

D1~D6 435l h RS . W . WY . A . A2 R A B AL S 1 I 45
muc: ZiiE)Z; sum: FHERTZE; mus: JLRE; ser: KIKZE

D1~D6 were intestinal structure of A. japonicus in group of S. thunbergii,
S. horneri, S. japonica, degummed kelp, U. lactuca L., and their mixture, respectively;
muc: mucosa; sum: submucosa; mus: muscle; ser: serosa
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AE fc SR FE 2 5 ) 2 19 A4 K BB (Yuan et al, 2006),
1M BB A AR SR, TEARSEERIF T,
REERY | VAT | A TS AT 2 T ) S ) 1 AR
YIRS, SR, RS ELAE T 5 R M
[ L B TR AR, XATRER N, 2R sk
RAEFRE W, YR T 5 — 58 F5 AN 7 1) )
B, 5 Gao FFQOINX RIS BT LE R —3 . HHm
AR S BB BEARRIGR 2), HARAKBCEREI]
BAKERE, RN AR & E2.78)H
R FREHA(3.33), MARAMRE 2R LR
UK HEEE, 2015), RedgamshPraa, REHER.
AHFFE H i R 4 S 19 IBR Al VBR ¥ g LT H:
A2, AT RES PR A i T 7E 4R U B R e FE v
R T R B U 0 e A Y R RS 7
FREE, T RIS TIRE, ALY SR 5
HAh 441225 RN, RREATEXT IS0 SR TA
FISZm, AHRF T I8 A i AL, R4k (2014) B
FEFRM, R A RS R, iS04 Kk aE
AR TR SRR (P<0.05), SARBFSE S5 AR .

B 18 RN B AR AR, A 232 iy A AL AL Py
B EWNAIER, F S ToRe b 0T A0 IR (B T2 55, 2000,
ZEN0AE, 2013), AT AT G BRADAR , BE S WA T AL
SHE YR T AR AN A (E S RS, 2007), ABFSE R,
2 M8 B RIS PR, ELASZ AN R E R )
17 JUE J T 05 PR AN, 2 B ) 2 % AN [ 5 S 8 1 ) R A
REJIATR, XHHg 7 AN 52 P (Seo et al, 2011), £
W AIE B T i 2 8 5L A A v ) 2 1 TG T R R
1 1% B i it 005 7k O 2R 4%, 2007; 242555, 2007,
BXRLAE, 2015), SAHETTAE R —2. 4 Rk i 2
i) 2 M A T A TG ARG, I O 2 % L9 R R A
T8ES . SI—2, AT R A T L S
TH A0 v B U A T B2 R IR A R A, Al
AR, I B 98 6 1 56 B P i 8 AR ) ST T
ARSI A G B, T B8 A2 R Sk 7 A DA A o R T
FIEARE RS, 2007), 2 X 4 86 R i A Wz g
REIE55 , GRB 2 0] A B ss 4 i 7 24k BERRAR, ARk
Ko AbiE R, FMFEIEH LT 1 9% E b R (135 B 4,
2007; FhERE, 2013), JEALMU A FR TR D, AT
SO T XS R R W AL, BRSNS IK 4y 4R
AN EPEHE AL 2R A e AR (Li et al, 2008), ABFFEH,
T | A0 26 M IR B R AL TR AN A PE A 1 B 3R T
XFREA , v 2 T R, W S X IR
AN, RARNS AT | A28 SR A BRI A
WRCR A, Ko S AR A T AR R AR, AT RE A
AN R, WA ALG ZE R R AR, B B

BB

T-SOD. ACP il AKP 21 B S PR G 11
HEEAEIR . T-SOD ML TE B3 16 M A1) 5 B i ity
HTE M B R R % R GRS ST bR B B 3 AR
T T, 2016; A, 2015, EBESA, 2013),
MDA & H 1 3AEH IR & AL A &=y, &
SR E A IR Y K5y 3K R A (Wakita et al,
2011), FEAMEFTH, W i 4L S 1 A4k 7= MDA
O THAA 4, T-SOD 3P % T HAfth 4%
4, FUHZAR SR AR it S AR N ™, AL
RIERR A R RE 85, IRA M4l T-SOD &k
XA 22 R0, (B85 s T HAMAY], £
Z AR TR A 1R M S 0] DL R S ML S B A
Fmee s, EEHS PR MERE. ACP Al AKP &
VAN T A 110 L LE R A O ER A, 2014), [RIR A2
ISR NS 5 G122 B A6 20 09 BLK il , 760 S 4%
U | S R S A R e = R B — e
YRR (2R, 2007), EABIGE Y, B, 1§
Wt A2 AR A R AL S 518 ACP Fl AKP i
P I 3 v T R RN SR A, R R DR A I R A 2
&AM TG R R WEINSY, BRI S A G
TR, NI A AKCHR S e AR (2 S SR,
2014), WFFEUESE, 2 IR o3 1) G 35 S5 I S 2 Fh v
KA A MIAS, Canicatti(1990)7E%12: H. polii i
KOFFWEA T R ACP. AKP . B-#i %5 BG4 5
LN . VRS NG . AP B R I il A 2 R T
PR, [RIB7E R T A 2] T ACP {4

4 it

X RS AR RE | AERR Sk S e ST AL LRE
A ZE TR, TR b LA Bl 3 A D A ) T 2
R, WL BORZ 42 3050 h Z Fhig s iR A
PAPRIE R 25 3R 449 1

Canicatti C. Lysosomal enzyme pattern in Holothuria polii
coelomocytes. Journal of Invertebrate Pathology, 1990,
56(1): 70-74

Cui LB, Dong ZN, Lu YH. Histological and histochemical
studies on the digestive system of Apostichopus japonicus.
Chinese Journal of Zoology, 2000, 35(6): 24 [# &,
HET, R, RS RGEA L E AL UL
WFoE. shir24R, 2000, 35(6): 2-4]

Dong XL, Li CL, Zhao B, et al. Effects of low salinity stress on
the activities of non-specific immune enzymes and antibacterial
activity of sea cucumber Apostichopus japonicus. Progress
in Fishery Sciences, 2013, 34(3): 82-87 [FE¥5a, 2SRk,



166 ook B

e 540 %

g3

R, A ARER DN 3E X 0 2 A e S e Tl T 1 B B
TG TR, b B, 2013, 34(3): 82-87]

Gao QF, Wang YS, Dong SL, et al. Absorption of different food
sources by sea cucumber Apostichopus japonicus (Selenka)
(Echinodermata: Holothuroidea): Evidence from carbon
stable isotope. Aquaculture, 2011, 319(1-2): 272-276

Ge LB, Gao QF, Dong SL. Effects of different algae powders on
the growth, body composition and digestive enzyme activity
of sea cucumber (Apostichopus japonicus). Transactions of
Oceanology and Limnology, 2017(1): 80-87 [& 7. 1%,
R EIGE, FENURR. N [RISERRT R 2R A A AN A
TSR, YR E R, 2017(1): 80-87]

Hao JP. The research of Apostichopus japonicus’bait produced
with kelp residue and brewers’ graint. Master's Thesis of
Harbin Institute of Technology, 2014, 1-56 [#F&kid. M
PR R PR A= 7 R S DR IS . R Tl R 2
WL A2 183, 2014, 1-56]

Jiang LX, Yang N, Li J, et al. Effects of temperature and pH on
the activities of digestive enzymes in Apostichopus japonicus.
Oceanologia et Limnologia Sinica, 2007, 38(5): 476-480
[(Z44%, BT, &, % REM pH X =
(Apostichopus japonicus) i 1k 7 B2 I 5 )
TH, 2007, 38(5): 476-480]

Li DT, Fan YM, Chang YQ, et al. Effects of two lectins extracted
solution from kelp Laminaria japonica Aresch and laver
Porphyra yezoensis Veda on activities of immunoenzymes
in body wall of sea cucumber Apostichopus japonicus.
Journal of Dalian Ocean University, 2014, 29(6): 607-612
[ZPHE, WA, WIT, . Wi AR R i
SBOBONT T 2 (A B = S A R WG PE PRSI R VR R
2441, 2014, 29(6): 607-612]

Li JY. The immunological characters and pathogenic study of
cultured Apostichopus japonicus. Doctoral Dissertation of
Ocean University of China, 2007, 1-96 [Z=4k\). FEFEHIS
ki S TRE T 2 0 Y Rl SR HE 3R SN o L Ol G e A A
3, 2007, 1-96]

Li M, Liao MJ, Chang Q, et al. Effects of different diets
containing Enteromorpha prolifera on growth, digestion and
non-specific immunity of juvenile sea cucumber (Apostichopus
japonicus). Progress in Fishery Sciences, 2017, 38(5):
122-129 [4, BHEAR, W7, % NEEFS R4
2 (Apostichopus japonicus)E 1 . TEAL K Ak s
Ry, bRk, 2017, 38(5): 122-129]

Li P, Webb KA, Gatlin DM. Evaluation of acid-insoluble ash as
an indicator for digestibility determination with red drum,
Sciaenops ocellatus, and hybrid striped bass, Morone
chrysops x M. saxatilis. Journal of the World Aquaculture
Society, 2008, 39(1): 120-125

Li X, Zhang SY, Chen SQ, et al. Effects of four feedstuffs on the
growth, body composition and digestive physiology of
Apostichopus japonicus. Feed Industry, 2013, 34(8): 3640
(20, wikoT, PRI, 4. DURMEAREE RIS A K
WA B AR BRI R . AP Tall, 2013, 34(8): 36-40]

Liu CL, Wang YT, Qin B, et al. Analysis and evaluation of
nutrient composition in the body wall of Penglai sea
cucumber (Apostichopus sp.). Progress in Fishery Sciences,
2015, 36(5): 111-118 [XIKH#Hk, FHLE, F#H, 5 H3K
T2 (Apostichopus sp. YABE R E F7 08 SOTH. il
BlEPERE, 2015, 36(5): 111-118]

Qin B, Chang Q, Chen SQ, et al. Effects of dosage and

treatments of Enteromorpha prolifera on growth, digestibility,
digestive enzymes and non-specific immunity enzymes of
juvenile sea cucumber (Apostichopus japonicas Selenka).
Journal of Fisheries of China, 2015, 39(4): 547-556 [Z&#H,
WH, BRI, . R A DL AL H T i 4
RIS THALR | IR FIAE Ry S e R e Bl A 52 7K
PR, 2015, 39(4): 547-556]

Seo JY, Lee SM. Optimum dietary protein and lipid levels for
growth of juvenile sea cucumber Apostichopus japonicus.
Aquaculture Nutrition, 2011, 17(2): 56-61

Sun LN. Histocytological events and analysis of key genes
during intestine regeneration in sea cucumber Apostichopus
japonicus (Selenka). Doctoral Dissertation of University of
Chinese Academy of Sciences, 2013, 1-132 [FINIHHE. {754
%: Apostichopus japonicus (Selenka)i 1t 1B FEEAE 2240
JRURAIE 55 SCBERE DR A0 A, v B2 e R - P e A
fHr83C, 2013, 1-132]

Tang L, Wang JQ, Xu C, et al. Activities of four digestive
enzymes in various developmental larvae and in alimentary
canals at various sizes of Apostichopus japonicus. Fisheries
Science, 2007, 26(5): 275-277 [JE%R, EHMF, iFH, 5.
AN TR T S 4 A RIS [ B SR 20 A3 P i L
BYTEPE. KPR, 2007, 26(5): 275-277]

Tang W, Wang QJ, Zhang L, et al. Effects of different algaes on
immunity and body composition of juvenile sea cucumber.
Resource Development and Market, 2014, 30(8): 905-907
DS, EIRF, K8, 5. A Eop0 RIS 215 et pE
R BE B3 (52 R . B IR IT R 5T, 2014, 30(8):
905-907]

Wakita C, Honda K, Shibata T, et al. A method for detection of
4-hydroxy-2-nonenal adducts in proteins. Free Radical
Biology and Medicine, 2011, 51(1): 1-4

Wang JQ, Tang L, Xu C, et al. Histological observation of
alimentary tract and annual changes of four digestive
enzymes in sea cucumber (Apostichopus japonicus). Fisheries
Science, 2007, 26(9): 481-484 [LiHF, FERE, ¥FH, 45
DRI Z I IE L 2R B 4 B AR 7 (4 R AR A2 4k,
IKPERRE, 2007, 26(9): 481-484]

Wen B, Gao QF, Dong SL, et al. Effects of different feed
ingredients on growth, fatty acid profiles, lipid peroxidation
and aminotransferases activities of sea cucumber Apostichopus
japonicus(Selenka). Aquaculture, 2016, 454: 176-183

Yang N, Guo ZS, Wang ZL. Effects of dietary green laver
Enteromorpha prolifera on growth, activity of digestive
enzymes and immunity in sea cucumber Apostichopus
japonicus. Fisheries Science, 2016, 35(5): 498-503 [#T,
Forhi, EIEm. mERR IS E S sAK  Hi
BTN Gg% T BIREIR. JK7=R#, 2016, 35(5): 498-503]

Yuan XT, Yang HS, Zhou Y, et al. The influence of diets
containing dried bivalve feces and/or powdered algae on
growth and energy distribution in sea cucumber
Apostichopus ~ japonicus  (Selenka)  (Echinodermata:
Holothuroidea). Aquaculture, 2006, 256(1):457—467

Yin XW, Li WX, Bai HF, et al. Effects of different seaweed diets
on growth of juvenile sea cucumber Apostichopus japonicus.
Journal of Dalian Ocean University, 2015, 30(3): 276-280
DRIBIE, 2530, PR, 55 ARRMEEEEmERTRI 242
HER RN, RIEIA RS, 2015, 30(3): 276-280]

Zhang JJ, Duan R, Xu K, et al. Status and development of
dealginate residues in kelp industry. Fisheries Science, 2010,



%31 EREH A 5 TS AE R 2 4 2 4R b Y 1 ST 167

29(10): 620-623 [FRMRA, Buf, VFAl, 4. W Tl i X RIS AR S e BT PR S LR, 2014,
W R R E 9T K SR EE L K PR R, 2010, 29(10): 35(1): 118-124]
620-623] Zheng HY, Rao DZ, Chen GF, et al. Consideration on protective
Zhao B, Hu W, Li CL, et al. The effects of low salinity on the exploitation of Sargassaum horneri (Turn.) Ag resource
growth and activities of digestive enzymes in sea cucumber around Nanji Islands. Modern Fisheries Information, 2008,
Apostichopus japonicus. Progress in Fishery Sciences, 2015, 23(10): 25-26 DAV, e, BEmig, 4. P rEITk
36(1): 91-96 [BAxk, SHKE, ZEHUbR, 4. (RERFFIEXS 3 Fil RS &) 4 Sargassaum horneri(Turn.)Ag. BERAYE.
F#% 12 (Apostichopus japonicus)4h & 1 514 AL 1 AL AF B, 2008, 23(10): 25-26]
msem. ol RRFsE R, 2015, 36(1): 91-96] Zhu JX, Liu H, Leng KL, et al. Studies on the effects of some
Zheng H, Li B, Rong XJ, et al. Effects of salinity and dissolved common diets on the growth of Apostichopus japonicus.
oxygen variation on the non-specific immune response of Marine Fisheries Research, 2007, 28(5): 48-53 [ZRELHT,
Apostichopus japonicus. Progress in Fishery Sciences, 2014, XIE, VULR, &5 JURE FEDRIHEG S A K2 i)
35(1): 118124 [FBE, ZEME, /N, . HEMEME ST, MK PEIEST, 2007, 28(5): 48-53]

(h#h  FRHE)

Application Research of Five Seaweeds in Juvenile Sea
Cucumber Apostichopus japonicus (Selenka)

WANG Xiaoyan, QIAO Hongjin, HUANG Bingshan,
WANG Chenggiang, LI Peiyu, LI Baoshan, WANG Jiying"

(Shandong Marine Resource and Environment Research Institute, Shandong Key
Laboratory of Marine Ecological Restoration, Yantai  264006)

Abstract In order to evaluate the application of Sargassum thunbergii, Sargassum horneri,
Saccharina japonica, degummed kelp, Ulva lactuca L., and their mixture in juvenile sea cucumbers
[(10.02+0.03) g], an 8-week-long experiment was conducted in a circulating water system. Growth
performance, body composition, intestinal digestive enzyme activities, and nonspecific immune
performance were analyzed. Results showed that the weight gain rate (WGR) and specific growth rate
(SGR) of sea cucumbers fed S. thunbergii and the seaweed mixture were significantly higher than those of
other groups (P<0.01), and were the lowest in sea cucumbers fed degummed kelp. Sea cucumbers fed
degummed kelp had significantly lower ratio of intestine weight to body weight (IBR) and ratio of
viserosomatic weight to body weight (VBR) than those of the other groups (P<0.05). Different seaweed did
not significantly affect survival rate (P>0.05). Body wall moisture, crude ash, crude protein, and the crude
fat of sea cucumbers were not significantly affected by the seaweeds (P>0.05). The intestinal trypsin
activities in sea cucumbers fed S. thunbergii, and the seaweed mixture were significantly higher than those
in the kelp, degummed kelp, and Ulva groups, and were the lowest for degummed kelp (P<0.01). The
different seaweeds had no significant effect on alpha amylase and lipase activity (P>0.05), but significant
effects were observed in the hydrochloric acid-insoluble ash of fecal matter (P<0.01). Intestinal
total-superoxide dismutase (T-SOD), acid phosphatase (ACP), and alkaline phosphatase (AKP) activities
in the sea cucumbers fed S. thunbergii and seaweed mixture were significantly higher than those in the
other groups (P<0.01). Intestinal malondialdehyde (MDA) content in sea cucumbers fed degummed kelp
was significantly higher than that in the other groups (P<0.01). In conclusion, a comprehensive
consideration of growth performance and nonspecific immune performance indicated that the four
seaweeds individually cannot achieve the feeding effect of replacing dietary S thunbergii; however, using
mixed seaweeds can achieve an effect similar to S thunbergii under these experimental conditions.

Key words Apostichopus japonicus; Sargassum thunbergii; Seaweed; Growth performance;
Digestive enzyme; Nonspecific immune performance
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