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(1. 266071; 2.
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15.43%=1.41%,
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(11.17%=0.63%), ;
22.65%+5.68% 3.03%1.17%  20.47%+2.01%,
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s , (amylase, AMS) (pepsase, PP)
(cellulose, CL) (trypsin, TRY) ,
-80°C , , 2mL
1 , (acid phosphatase, ACP)
1.1 (alkaline phosphatase, AKP)
(Ulva prolifera), (superoxide dismutase, SOD) , -80°C
(Sargassum sp.) 1.4.2 (survival
) rate, SR) (weight gain rate, WGR)
(specific growth rate, SGR),
) SR(%)=100x / ;
WGR(%)=100x( -
1.2 )/ ;
1.2.1 60°C SGR(%/d)=100x(In —In
, 80 1:3 , )/ :
1.2.2 ,
1.3
1.3.1 3d 1.5
Excel 2016 s
(10.57+0.43)g, 3, SPSS 16.0 (One-way
) 3 > 4 ANOVA)  Duncan R
s 535mmx390mmx325mm P<0.05 + (Mean+SE)
1.3.2 2017 11 2
27 —12 10 2.1
, 14d 1 ,
40L, 18°C, 30, 14.31%+0.10%
5.8mg/L, pH 7.7 , 11.17%+0.63%  15.43%+1.41%,
, 10:00 12 3.98%=+0.85% 4.03%+0.11% 4.96%=+0.38%,
, 12:00 6.40%=+0.60%  4.91%+0.60%  3.47%=*
) 5 1.22%
3% , (P<0.05),
, (P>0.05),
(P>0.05)
1.4 2.2
1.4.1 14d , 2 ,
3 , 100% 91.67%+8.33%

s 2mL s

91.67%+8.33%, 22.65%+5.68%

3.03%%1.17% 20.47%=+2.01%,
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5
F1 FREEFSEREFKFEFIR (P>0.05)
Tab.1 The nutrient levels of different experimental diets (dry
material) 2.3
(%) (%) (%) 3,
14.31+0.10° 3.98+0.85° 6.40+0.60° (1.31£0.24) (1.35+¢
11.17£0.63"  4.03£0.11°  4.91+0.60" 0.19)  (0.85+0.14)U/mg prot,
15431417 496+038  347+122 (2.94+0.55) (3.6620.51) (3.59+0.81)U/mg prot,
(P<D.05), (472.21£108.67) (403.96+ 50.02)
1.44%=+0.33% 0.21%=+0.08% 1.33%=+0.12% (365.70+59.61)U/mg prot,
(P>0.05), (954.78+115.06) (705.91+£208.58) (552.82+ 38.63)U/g
prot
(P<0.05), (P>0.05)
*2 ARERIBBHARTHRSEKIER
Tab.2 The growth performance of A. japonicas fed with different experimental diets
(%) (2) (2 (%) (%/d)
100° 10.73£0.26" 13.18+0.91° 22.65+5.68° 1.44+0.33°
91.67+8.33" 10.8120.41° 11.15+0.54° 3.03£1.17° 0.210.08"
91.67+8.33" 10.17+0.07° 12.26+0.24* 20.47+2.01° 1.33£0.12°
*3 TREIBRIART 4R S8 HLEEE S
Tab.3 Intestinal digestive enzyme activities of A. japonicas fed with different experimental diets
(U/mg prot) (U/ mg prot) (U/mg prot) (U/g prot)
1.31+0.24° 2.94+0.55° 472.21£108.67* 954.78+115.06*
1.35+0.19° 3.66+0.51° 403.96+50.02° 705.91+£208.58"
0.85+0.14* 3.59+0.81° 365.70+59.61° 552.82+38.63"
2.4 4.56) /100mL, (2.55+¢
0.77) (2.83+£0.75) (3.62+0.37) /100mL
4 ;
(289.69+ (P<0.05),
25.07) (328.73+£15.33) (316.95+18.37)U/mL, (P>0.05),
(5.56£1.32) (7.33£1.24) (17.57+ (P>0.05)
x4 ARIBRARTHRSEERIESRERERTED
Tab.4 Non-specific immune enzyme activities of coelomic fluid of 4. japonicas fed with different experimental diets
(U/mL) ( /100mL) ( /100mL)
289.69+25.07° 5.56x1.32° 2.55+0.77°
328.73+15.33° 7.33+1.24° 2.83+0.75%
316.95+18.37* 17.57+4.56° 3.62+0.37°
3
3.1 (14.31%+0.10% 15.43%=1.41%)

(11.17%+0.63%),
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, (Ulva linza) s
(Ulva clathrata) (Ulva intestinakis) ( ,2015)
27.0% 22.10% 30.45%, 33
0.9% 1.18% 0.38% ( , 2006; , ,
2009; , 2013) , (2011) ,
, (0.85—1.35) (2.94
, —3.66) (365.70—472.21)U/mg prot (552.82—
24.85%+2.40%  0.33%=0.10%, 954.78)U/g prot;
14.72%+1.90%  0.26%+0.06% , (Harris et
s al, 1986; Hirche, 1989),
11.16% 13.21% 18.91%, 1.5% )
1.04% 0.67% ( , 2003; , 2005; ,
, 2009) ,
, (2015)
, , , 5.57U/mg
prot, 669.83U/g prot,
3.2 526U/mg prot,
, (2017)
, 90%, 20% , 7.0U/mg prot,
(1—2)%/d, , 680U/g prot, 520U/mg
, prot, s
; ) 3.4
, (2016) , ,
6% 9% (1—2)%/d, (2.55—3.62)
; Asino(2011) , (5.56—17.57) /100mL (289.69—328.73)
5% 10% 15% U/mL,
0.96 0.99 1.00%/d, )
; Yang  (2016) R

30 40 S0gkg
424.1%—A454.4%,
, (2012) (5%
—30%) , ,
15%
(0.98%)

14.31%+0.10% 15.43%=+1.41%,

(Cajaraville et
al, 2000; Rajalakshmi et al, 2005),

>

(Regoli et al, 2004)

, (17.57+

4.56) /100mL, 23
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EFFECTS OF ULVA PROLIFERA FROM DIFFERENT SITES ON GROWTH,
DIGESTION AND NON-SPECIFIC IMMUNITY OF JUVENILE SEA CUCUMBER
(APOSTICHOPUS JAPONICUS)

YANG Xin-Yuan"***  LIN Cheng-Gang"**, SONG Xiao-Yue"***,
SUN Jing-Chun"** ~ YANG Hong-Sheng" >*

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Laboratory for Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266237, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Center for
Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract An experiment was conducted to investigate the effects of diets containing Ulva prolifera from different sites
on the growth, digestibility, digestive enzymes, and non-specific immunity enzymes of juvenile sea cucumber
Apostichopus japonicas. The diets were composed of a dry powder of U. prolifera from Qingdao (QD) and Ningbo (NB),
and each mixed with sea mud at a certain mass ratio, The QD group and NB group were compared with the sea cucumber
feeding on a natural diet (ND) of Sargassum sp. Results show that the crude protein contents of QD group and ND group
were 14.31%+0.10% and 15.43%=1.41%, significantly higher than that of NB group (11.17%=0.63%). Crude fats and ash
contents had no significant difference among the three groups. The weight gain rates of DQ, NB, and ND groups were
22.65%+5.68%, 3.03%=*1.17% and 20.47%+2.01%, and the specific growth rates (1.44+0.33)%/d, (0.21+0.08)%/d, and
(1.33+0.12)%/d, respectively. The weight gain rates and specific growth rates of QD and ND were significantly higher than
NB. The survival rates showed no significant difference among the three groups. Amylase, pepsase, cellulose, and trypsin
activities were also similar among the three groups. Alkaline phosphatase activity of ND group was (17.57+4.56) King’s
unit/100mL, significantly higher than QD [(5.56%1.32) King’s unit/100mL] and NB [(2.8340.75) King’s unit/100mL]
groups. Superoxide dismutase and acid phosphatase activities of sea cucumbers were similar among the three groups.
Therefore, making use of U. prolifera in its bloom as a sea cucumber bait resource could not only mitigate the
environmental hazard of the green tide but also increase ecological and market values. However, the nutrient levels of U.
prolifera depends on complex factors. The variety, collection time, and site position of U. prolifera should be considered.
Some pretreatments are suggested to maximize the bait value of U. prolifera.

Key words green tide; Ulva prolifera; Apostichopus japonicas; growth; digestion; non-specific immune



