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(1. REDK R T B SRR =0T 35 5
2. REWFERFKF G A el Kig

266071;
116021)

BE  REFARTIVR. REE. mefmdEs 4 DR EREAFE 2%, 3%, 4%F 5%HE)
SR B [ AT 46 R E 4 (5.80+0.02) g4 K MEdE . A TH G b DL BRI BB G R o A A A
{L.BE(SOD), i 14 5% B B (AKP)fn A B BE (LZM) 7E i B . R E £ N AR R L P47, R
AWK 19-21C, A#60d. £RET, BEREEKFT, Ao esKkERERE, EEF T
WOKF AR A8 R K F(P<0.05), 185188 KT 2= R 8 FP>0.05); 5|5 pHfkE G s s kA

HRAFHRET G, AR AKFTEE RS, LF5 TILMHAFMRERKF(P<0.05), E

5 AKFEZRTBEP>0.05); REHEniEERERRAFRREEALETRERFRET
WHEY, AEAKTFZEEIRE; ERRAKTT, RSEEMEKER AKP, SOD & LZM & £
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FUE, FEEPEE TEARINE, S BeerE . iR R
KV, ARDRRI ARG, R EHR 2 . KBTS YR
[ MR AR, TRk s SR i 2 T
AR S BRI, T AR TR 1 L Bl mAS , 52
MRS HIER R R, RISERARY, SSat
TRV, BRI NE STk, iS50

HEAKT; fH; 2K, HEE; KKe
XEHS  2095-9869(2016)01-0087-06

(2R G (B4, 2005), X T RIS SRR U1
Bl AR e R S A K | IR R R R
BRI A | B e sk as ok . AFIE 2% fa 2k
FRFEH P EM GER . 27 JFRE (I E 2R,
2004; WHEA, 2004; BRALoE, 2005), 433 KIS H A K
PERE |, RBERLSY | T8 T AR TG P AR PRRE A s kg o
G 5 AH I BTG P DU T T 9T 1 AL MK S o) ol 2
IEZI , DA ) S Rl P AR R

1 #MRE5FE
1.1 S ER
TRV A B S L F AR 2 SoR), TR =

* o [ K PR R A Y B S AR I 5 %% (2014A08XK05) %l . F 258, E-mail: lengye hanxing@126.com
O FEIRMEE: RIE, P55, E-mail: liangmq@ysfri.ac.cn

Weks HI: 2015-02-11, YoEekohs H31: 2015-04-22



88 ook B

el

B #3778

200 H , EZEE S M 20.70% , MR 0.97%,
KAy 34.48%, REHE 10.34 kI/g. K ialkl S5iFiRIE 4 : 6
B4 B B i K TR BRI 3 TR
1.2 REIEt

25t 24 h BREE, FREEAN AT BRI AR S B
HIE RS PR EIRAS , IR IR S B $5 K S FR AR
MBI WAL I 25 R LM, IS x5 1R
BHAME BRI N RISIRER 4%, BRI 3E
YU . M B A 4 D FEMRKSE 2 16T
NP N RIBIR TR 2%, 3%. 4% 5%, H 4
Mg 3AEE, BOELES 35 K, 501
Jy60d, IREWE], ARG 7 d RIS RE 1R, BiE
FI SR AR P A, e SRR R

1.3 RSHFHE

HI S (5.80+0.02) g JEHUEFRE RIS AN,
KRB RIS 7d 5, FRsAR%. S48 H
B 1 R(17 2 00), BERHFAK 1R, HoKELN 2/3,
RIS AP IE [ ARG, RN 19-21°C, HHR=
6.0 mg/L,

1.4 HmREKLLIE

1.41 A ¥kalz HIZEFERIZEE 24 h, A E
FAERRE K 10 min 5, RE. BEZREVLE
BUZ 3 B, il FRE R BE RN IR, AHOCA: KR bR
WHEAKXT

BETR(WGR)(%)=(W—=Wo) Wox100%:;

FEE B KR (SGR)(Y%/d)y=(InW—InWy)/t;

JIEBE H(VBR)Y(%) = Wy Wy x100%;

TR Z(FE)Y%)=(W—Wo)/ W< 100%

K, WSS ) 20 R, B
g; Wo MR TFIRIT RIS I TR E, Bl g5 ¢ R
I REL, ALY d; W, RIS N B, Bk

g; W ISRBE &, S0l g5 W PIERE, H
(S
142 EHSRE RN E B 5 AL B
%3 H, WSRO R A T # YR, F-80°CH
PRAEAEDN . ZEJ S AR R AL BT 1 g £ 47 RRE , F-20
CARFERRI B8 T—20 CARFERRI 230 A5 ) 7
ATt 45 i 8 VE Aoy it 5 B B 1 5 R R S VR N
N B 95 A OC il £, 455 8 SR AL W) B AL B (SOD) | Bl w2
fiti (AKP) LA M 5 B I (LZM) . b 3R BT A T 1 24 356 11
A A A 7 SRR A T
1.4.3 1R o R 2o 2 T~ H 5 B AL
6 HIIZREE, 20 CIRAARFIN ., fARE 51DE 2351 T
65°CHI 105°C FHLT 21, WKy &E; HEN
KM Foss *F A Sl K E ZAGHEATIAE ; AR TR A
RICHPAEATIAE ; BB R Parr 6100 B4 H )
S ARG A 5 KR S 3R 550 °C RS TR I E o
KA SPSS 17.0 B4t xd B 45 S ik A7 s 2y
%M1 (One-way ANOVA), 22 5% i 2 )5 #E4T Duncan's
ZEILK, BURDOFHHEAREZERR, ZRBEK
4 0.05,

2 #R

2.1 AEEFERAKFEIRSERKBF M

Bl 2 I S AR ACT B4 5, 3 R R R e A K R
P Th e R RRAR, ELITE 3% E A K R ik 5]
A, 4390 103.55%F0 1.36%/d, W& m T 2%k E
HFN 5%IR T 2H(P<0.05); 4% E R MEAK T, H
SZHERKISCT 3%KEL], (A2 %I A 83 (P>0.05).
o] Jek 25k 28 [ A B o A5 MR K T Y 4 v T S BRSE T  S
FRARI S, 76 3%IRE MWK T, fkseRis
B, N 15.37%, BEET 2% 5%7KF(P<0.05),
B 4% A4 25 5 R 83 (P>0.05) (5 1),

=

1 AEEEAFEFS &M 0
Tab.1 The effect of different ration levels on growth performance of A. japonicus

WK LR LN ZRRE WER RN N (GRS

Ration level Initial weight (g)  Final weight (g) WGR (%) SGR (%/d) FE (%)
YL Hunger(2%) 5.79+0.01 8.68+0.39° 72.68+5.96" 1.11£0.01° 12.53+0.88°
KM Subsatiation(3%) 5.79+0.01 9.87+1.44° 103.55+7.68° 1.36+0.07° 15.37+0.31°
Hifr Satiation(4%) 5.79+0.01 9.18+1.18% 86.95+0.21% 1.20+0.01%° 14.61+0.31%
s Oversatiation(5%) 5.81+0.01 8.48+0.83° 69.48+8.28" 1.01+0.09° 10.88+0.52°

T A8 BCHE sRARTE] b bR 7 B3R 28 S N 25 (P>0.05)

Note: Values in the same column with same superscripts are not significantly different (P>0.05)
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2.2 RREEMEKTE R RS 0 B E M A S0 WERT 2% K EAKF-(P<0.05), HE 3% 5%KF

il 2 fi 38 2 1 O P i 45 DR K T B R R
TR, TE SYIREIKE T, AR PR A B
7 (54.4 U/mg prot), W& m T 2%AHl 3% KT
(P<0.05), 105 4%{KE K25 5 A W (P>0.05), I
2 Ji 3 Y€ Ay TG P I IR B A MR K O 1 42 i SRR R
AAR S, Hodr, 78 2% KRBT, ek B ik
F| 5 75 (0.75 U/mg prot), &2 & T HAhKF-(P<0.05),
TE A% IR F KT Z 5, JER S P AR R R 2 (3 2).

R 2 AEHIRKEX R S EE Y S
iR E B EBEERH W
Tab.2 The effect of different ration levels on the activities
of amylase and trypsase in intestines of 4. japonicus

N -’k? J - v )|
T L
Ration level Amylase activity ~ Trypsase activity
(U/mg prot) (U/mg prot)
YUk Hunger(2%) 0.75+0.01* 33.9+0.95°
Ve b
Wier 0.56+0.03° 33.1+1.71°
Subsatiation(3%)
£ Satiation(4%) 0.34+0.02¢ 47.2+7.34°
o4
L 0.33+0.02° 54.443.14°
Oversatiation(5%)

A FFVEEE AR AR TR R 22 58 B3 (P>0.05)

Note: Values in the same column with same superscripts
are not significantly different (P>0.05)

23 AFEB/BAENRNSEERERZS AKP,
SOD. LZM &I 220

HZ KB AKP, SOD. LZM &P RE% M 7K 7
B i SR BT R IR R AR 3 GGR 3). HiH, AKPJE

2233 W E (P>0.05); SOD JhMEAE 4%/KF- R k3]
&, N 69.72 U/mg prot, BEET 2%H 5%KF-
(P<0.05), {05 3%/KF-2 5 IFA 3% (P>0.05); LZM
TEPERIFETE 4%KF T ik 8, o~ 4.83 pg/mg prot,
3 T A 3 AN IKSF(P<0.05)(36 3).

HIZSRFE W AKP. SOD. LZM {E PRI 51k
EEA R pg ke, i, AKP IGMETE 4%A B KR
KB, M 0.22 Kim unit/100 ml, B35 T 2%F
5%7KF-(P<0.05), {05 3%7KF22 5 A 8 2 (P>0.05);
SOD {EMEAE 4% /K F- Nk im, M 19.55 Uml, &3
T HAL 3 ASKSFE(P<0.05); [RIFE, LZM JEPETE 4%
K TR, M 2.68 pg/ml, BEET 2% 5%
K (P<0.05), 5 3%KF-22 5734 B3 (P>0.05)(% 3).

2.4 EIHZIRIK T XA BE B 4 e A BE L B 2

AR KT il S RBE 1 B RE L DL 4 )
BARBEIK 3 & TR 91%-92%2 8], 5 & R AE 41%—
42%z2 18], BENF & BAE 1.6%—1.7%22 18], JKIPHE 34%—
36%2 M6, WEEELCAE 0.16-0.23 ZJa], 7EA[A] 4%
TR, PRBE RS> RN BE b B AT 22 5%, (R4 ) 22 5501
AN FE(P>0.05),

3 it
it i K WK ST ST O 2 WARGE , BFsT 20,

X} 8 W6 85 11 (Siniperca chuatsi Basilewsky)(F $74¢,
2013) . KZEF(Scophthatmus maximus) (2= W4, 2013)
FF(Paralichthys olivaceus)(¥dh5E, 2012)5F M2k
i, HRRE A KORBER R AT B $2 5 2 BT,

PETE 4% ERP Ik B s, 04 55.25 Kimunit/g prot, A58 & 3L, ol 2 095 2 A KRBl 4 0 K F 1Y
x3 FAEEEKEIFSEEFEIER B AKP. SOD. LZM &R0
Tab.3 The effect of different ration levels on the activities of AKP, SOD, and LZM in body wall and
coelomic fluid of 4. japonicus
AKP SOD LZM
H o 2 e 7 2 e 7 2 e
&ﬂgﬂ(? EN: IR {AcRE (EN; i {AcRE N
Ration level Body wall Coelomic fluid ~ Body wall ~ Coelomic fluid  Body wall  Coelomic fluid
(Kim unit/g prot) (Kim unit/100 ml)  (U/mg prot) (U/ml) (pg/mg prot) (png/ml)
Bk Hunger(2%) 37.51+3.20° 0.13+0.01° 61.97+1.40°  12.03+0.73° 3.42+0.18° 1.3340.03°
\/—,/1 A
‘“@@, , 48.85+1.14% 0.17+0.02% 65.0242.86™  12.47+0.35° 3.4440.14° 2.53+0.18°
Subsatiation(3%)
£ Satiation(4%) 52.25+4.42° 0.22+0.01° 69.7242.19*  19.55+0.31° 4.83+0.06° 2.68+0.19°
R
ﬁ@ﬁ. . 51.67+3.19° 0.13+0.01° 26.26+2.13¢ 12.97+0.47° 3.16+0.28° 1.58+0.13°
Oversatiation(5%)

W [FIFECE AR R AR B 3R 22 50K W3 (P>0.05)

Note: Values in the same column with same superscripts are not significantly different (P>0.05)
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Tab.4 The effect of different ration levels on the body wall composition and viscera body wall ratio of 4. japonicus

FEIE K - Ration level K7 Moisture (%) 5 155 & Protein (%) J&W5 & & Lipid (%) K4 Ash (%) JEEELL VBR (%)
DUk Hunger(2%) 91.78+0.46 41.83+0.84 1.67+0.02 35.84+0.51 0.22+0.03
A Subsatiation(3%) 92.02+0.18 41.89+1.73 1.70+0.02 35.05+0.88 0.19+0.02
T Satiation(4%) 91.85+0.30 42.3440.61 1.74+0.01 34.51+0.13 0.17+0.01
1L Er Oversatiation(5%) 91.61+0.10 42.43+0.16 1.73+0.03 34.81+0.26 0.23+0.02

TE [ ECE AR [R]_E AR 7 B3R 7R 22 52 8 .35 (P>0.05)

Note: Values in the same column with same superscripts are not significantly different (P>0.05)

fem, BISETHE RS, b, FERIEE(G%
R E) B HRIKF T, IR MR e A KRR B sy
T B K (4% R ) A KR BUIE 22, (2 5 IR 7KF
HB%IARE) I W22 5. TR, AT RE e bl
B e, 2 AR B ) JBORN RE = Gif A7 4 2
B, AR ERESCR G B &, A S S A K
(FARFELE, 2010) SRR E] T Mk (5%
R, T A SR R 22 R,
AR RRAF A, BRI GRER , RDRSCR
WA J34h, 3R R IS R A . #E
AN . K BBORAE— R A R, S0 A4 Az BIRH
5 (7 WUEEE, 2009; Oseni et al, 1992; ¥ & H &%,
2006) . LIRAEAE(2008)FEXT il 2 H MK 58 1%
5B — BN EE R

18 XF P 8k (Misgumus  anguillcaudatus)( X)) Wk 55
2011), "AE%E(Trinoxy sinensis)(F5 EME, 2003)55 T
FEH R B, FRAE SR B oK 3 FR 53 1) 7 B
PEWEE KT 34 i B AT, RELRRS 0 FIOREL 8 11 1) 75 1 Bl
Eedly AR T 2 g N T - W N E 4 v S
X R AR B3 10 52 ) AN $ 35 (P>0.05) 0 A3 AT I [T
A B A SR AN G L S 7 B4 B2 AN (] S 3% MR K1
X558 B 1) )5 e 2 B AN — Bk, Rl R R
BRI AN 2 LAE I SR 53, B DR R A
ARt — BT . EX R 67 (20 55, 2013).,
1Lt (Lateolabrax japonicus)(8%5545, 2010)5E 058
15 SAF ST AR LA 25 5L o AN [R) B MR KT X 3l 2 ik B
Fe i 52 . 1 Q014 R, o YL
W2 S HU 2 I RE H R W o AR IE I E BB K
AN BRI 2 BEDLIK , BT HL AT LA 4 KXo
2 IR BE LU AT RE ]

TH AT A2 S WK 7™ Bl ) A R 28 R 2R 5 4 1
RS ZR bR Z — , TH ARG 1 i 22 T g 8 Sz ek

FEE W E SRR AR, 5K NAEREBAE
UV R RS, 2014; Biesiot et al, 1995) TEAHF
FE, 2 g 10 R AR 1 I I T B R KT B B
P, AT, AR B A ERK S B S
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T ATLAAR 9 45 301 26 A 46 A 1) AR fL RE WS 7 — e R 1 R
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IR S SR | U X N A L R R e Nl i S N
PE , PARE R s Y P9 40 A1 04 S 28 A O il & 45 7 o BAE
FH(EPRTEEE, 2014), SOD 2— Filt B 1 A= 4 1A 4 176
AT A R SR ) i 2 (Fridovich, 1989), A1 fiff
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BE 1 240 8 200 AL, S ) 35 s 4 7 U 200 B RTAR ABIL
K8 S (Hikima et al, 2003), HIG ML WA IR H:

1) EMSAR. YURE IR BRI S A K . IR RS R AR 2008 3, 2013, 29-34
2) SKICK. KETRAERZ: | B3 0T R Y A AR B2 R B S S sl v Rl PR 2 LA 90 A 2 08 3, 2011
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Effects of Different Ration Levels on Growth,
Activities of Digestive Enzymes and Immunity-Related
Enzymes in Apostichopus japonicus Selenka

WANG Yichao'?, LIANG Menggqing'", ZHENG Keke'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
2. College of Fisheries and Life Sciences, Dalian Ocean University, Dalian 116021)

Abstract In this study we investigated the growth performance, body composition, digestive performance
and activities of superoxide dismutase (SOD), alkaline phosphatase (AKP), lysozyme (LZM) in the body wall
and coelomic fluid of Apostichopus japonicus Selenka with the initial weight of (5.80+0.02) g fed at four
different ration levels. The experimental subjects were maintained at hunger, subsatiation, satiation and
oversatiation levels being fed with 2%, 3%, 4%, 5% of their weight respectively. A 2-month growth experiment
was carried out in the indoor static-water culture system, and the water temperature was between 19°C and
21°C. It was found that the specific growth rate first increased and then decreased as the ration level changes. It
was the highest at the subsatiation level, and was significantly higher than at hunger and oversatiation levels
(P<0.05). However, there was no significant difference in the specific growth rate between the subsatiation
level and satiation level (P>0.05). The activity of trypsase in the intestines of Apostichopus japonicus was
raised along with the increase in the ration level, and reached the highest at the oversatiation level. The activity
at this level was higher than at the hunger and subsatiation levels (P<0.05), but not significantly different from
the satiation level (P>0.05). Along with the increase in the ration level, the activity of amylase in the intestines
was first decreased and then stabilized, and the highest activity of amylase appeared at the satiation level before
leveling off. The activities of AKP, SOD and LZM in the body wall and the coelomic fluid also first increased
followed by a decrease. The highest activities of these immunity-related enzymes all appeared at the satiation
level. Because the activities of the immunity-related enzymes indicate the resistance to diseases, we deduced
that 4 japonicas could be the most disease-resistant at the satiation level. There were no significant differences
in the body composition and the viscera body wall ratio between different ration levels (P>0.05). Our results
suggested that the optimal ration level should be satiation (4% of 4 japonicus weight in this study).

Key words Ration level; Apostichopus japonicus Selenka; Growth; Digestive enzyme; Body
composition
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