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Tab.1 The composition and nutrient levels of compound feeds
(%)
Fish meal 47.5
Soybean meal 10.5
Beer yeast powder 3
Corn gluten meal 4
Flour 27.5
Grease 3.0
Lecithin 1.5
CaH,PO, 1.5
Vitamin premix 0.3
Mineral premix 0.6
Choline chloride 0.45
Mildew preventive 0.1
Antioxidants 0.05
Composition of nutrient
Crude protein 44.0
Crude lipid 6.5
Crude ash 10
Moisture 8.3
Calcium 2.2
Total phosphorus 1.6
1.3
28d 24 h,
) 9 )
, 4°C ( 18h),
4°C 3500 r/min 10min, ,
: ,  -80°C
4 , )
, -196°C s
-80°C
5 -20°C ,
1.4
1.4.1
(WGR, %) = (W, W,)/W,x100;
(SGR, %/d) = (InW, InW,)/tx100;

(FCR, %) = FI(W,
(SR, %) = Ny/N,x100;

W.);
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(HIS, %) = WL/WBx100; 1.4.3 T-SOD
(CF, %) = W,/L**100; ,
w W, (2) (2); SOD 50% SOD
t (d); Ny N, t (U); LSZ ,
Ft (g); WL WB pg/mL; AKP 100 mL 37°C
(2) (2), L (cm) 15 min 1 mg 1
: T-SOD LAM AKP
( Nx6.25); (
GB/T6433-2006) ; (550°C, 1.5
GB/T6438-2007) ; 75°C SPSS19.0
, s , Duncan R
+ (Mean%SE) s P<0.05
1.4.2 , )
, 4°C, 0.7%
, 2.1
12000 r/min , 1 , )
, 2500 r/min, , Diet 3(3%) (P<0.05),
10 min, , AMS LPS ) ,  Diet4 (4%) ,
TP (P<0.05),
(P<0.05)
80.00 1 b b c c b B AHSE
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Fig.1 The basic nutrient composition of L. japonicus (dry sample)
a b c: N (P<0.05); 1 2 3: s
(P<0.05) A: , (P>0.05); B: ,
(P>0.05)
2.2 )
2 R WGR SGR (P>0.05)
, Diet 3, 2.3
, WGR SGR , (P<0.05), 3 2 , ,
FCR (P>0.05), , HSI AMS LPS LPS
, Diet 4 , , 3% ,
(P<0.05) CF Dietl , (P<0.05),
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Tab.2 Effects of E. prolifera ultrafine powders on growth performance of L. japonicus

WGR FCR SGR HSI CF SR

(0%) 344.93+21.60° 0.82+0.01° 6.07+0.18" 1.65+0.03¢ 2.29+0.05% 100+0.00°

Diet 1(1%) 425.74+24.89% 0.85+0.02° 6.63+0.19% 1.62+0.02" 2.38+0.07° 100+0.00*
Diet 2(2%) 449.77+19.90* 0.83+0.02° 6.81+0.15% 1.61£0.02" 2.30+0.08* 100+0.00°
Diet 3(3%) 466.20+60.49° 0.82+0.01° 6.88+0.43" 1.57+0.01° 2.11+0.06* 100+0.00°
Diet 4(4%) 444.17£11.30° 0.81+0.01° 6.74+0.05% 1.39+0.01° 2.15+0.04 100+0.00°
Diet 5(5%) 425.21+13.66™ 0.82+0.02 6.62+0.07* 1.40+0.01° 2.19+0.06™ 100+0.00°

(P<0.05)

x3 BHMETEXEYREELEB R

Tab.3 Effects of the E. prolifera ultrafine powders on activities of intestinal digestive enzyme of L. japonicus

AMS(U/mg prot) LPS(U/mg prot) (U/mg prot) TP(g prot/L)
(0%) 0.63+0.08* 12.3342.48° 1993.644209.41° 0.23+0.03*
Diet 1(1%) 0.69+0.05 13.19+2.46° 2174.83£169.66™ 0.49+0.02°
Diet 2(2%) 0.67+0.07 15.06+1.03* 2736.50+£388.22% 0.50+0.07°
Diet 3(3%) 0.88+0.02° 27.83+1.59° 3022.47+413.21° 0.67+0.03¢
Diet 4(4%) 0.85+0.02% 21.48+1.82° 2885.10+178.65% 0.70+0.04°
Diet 5(5%) 0.75+0.10% 20.02+1.98% 2181.41£133.76% 0.68+0.05°
(P<0.05)

@ SAMS(U/mg prot)
2 W SLPS(U/mg prot)

O BZE68E5(U/mg prot)
0O &TP(g prot/L)

0\0\ 0\0\ 0\0\ o\e\
R A
Q Q) Q) &
O O o O
2
Fig.2 Effects of the E. prolifera ultrafine powders on activities of stomach digestive enzyme of L. japonicus
a—d: AMS S (P<0.05); A—D: N
(P<0.05); 1—5: LPS s (P<0.05); m—n: TP s
(P<0.05)
, AMS :
, (P<0.05)
AMS 2.4
, (P<0.05), 4
R AKP
, Diet 1 , : Diet 3, (P<0.05),
(P<0.05), 63.8%; GPT GOT

TP LPS TP LPS , , Diet 4 Diet3
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, TP , (P<0.05), Diet 5 ;  T-SOD
: Diet 3  Diet 4 : (P>0.05)

R4 BRI X LSRR IER R 1t R R

Tab.4 Effects of E. prolifera ultrafine powders on hepatic non-specific immunity of L. japonicus

T-SOD (U/mg prot) AKP (U/100mL) GPT (U/100mL) GOT (U/100mL) TP (g/L)
(0%) 122.64+8.54° 14.02+1.54° 289.44+3.52¢ 49.50+6.97" 0.67+0.07*
Diet 1(1%) 136.92+4.00° 15.59+0.58* 242.92+7.00% 40.77+5.23" 0.86+0.09*
Diet 2(2%) 127.46+7.32° 20.49+1.86™ 239.46+10.28% 42.40+5.98% 0.84+0.05%
Diet 3(3%) 144.75+11.23° 22.97+2.00° 262.98+11.69° 33.4143.66° 0.90+0.06°
Diet 4(4%) 122.76+8.59" 19.37+2.71% 236.27+2.16° 46.54£0.24% 0.93+0.02°
Diet 5(5%) 144.36+11.20° 20.42+3.43% 255.82+1.00% 44.94+1.21% 0.76+0.05*
(P<0.05)
5 s ; AKP
s s s s Diet 2
T-SOD , Diet 1 (P<0.05), Diet
(P<0.05), Diet 1  Diet 2 2, 25%; LSZ  diet3
, 17.8%  19.6%, (P<0.05), 28.4%, TP
Diet 3 (P<0.05), 33.3%, (P>0.05)

x5 BHUMEBTEENESNEEFSERENZNE

Tab.5 Effects of E. prolifera ultrafine powders on serum non-specific immunity of L. japonicus

T-SOD (U/mL) AKP (U/100mL) LSZ (U/mL) TP (g/L)

(0%) 145.05+5.28" 1.20+0.09° 353.32428.19" 37.87+0.50°

Diet 1(1%) 173.76+7.64% 1.36+0.10* 369.09+25.21% 37.96+1.16"
Diet 2(2%) 173.50+7.24% 1.50+0.04° 339.40+33.74° 38.16+0.83"
Diet 3(3%) 193.32+17.38¢ 1.47+0.04° 453.64+35.92" 42.64+2.45°
Diet 4(4%) 182.04+5.03" 1.46+0.06" 427.27+18.92% 41.52+2.16°
Diet 5(5%) 165.48+10.56" 1.41£0.03° 418.18+31.49" 41.56+1.02°

(P<0.05)

>

(P>0.05), 5%

3.1 (P<0.05),
,10%  15%

( ,2012),

Diet 4(4%) , , )
(Hagen et al, 2007),

Diet 4 Diet

3(3%) ,
Asino(2010) , ) )

(2013)
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EFFECTS OF ENTEROMORPHA PROLIFERA ULTRAFINE POWDERS ON GROWTH
PERFORMANCE, NON-SPECIFIC IMMUNITY AND DIGESTIVE ENZYME ACTIVITY
OF LATEOLABRAX JAPONICUS

XU An-Le"?, JIANG Peng-Da"?, LI Zhong-Bao"?,
HUANG Yong-Chun"?>, CHEN Qiang"?, LI Wen-Jing"?

(1. Fisheries College, Jimei University, Xiamen 361021, China;
2. Fujian Provincial Key Laboratory of Marine Fishery Resources and Eco-environment, Xiamen 361021, China)

Abstract

caused lots of issues in marine ecosystem. However, E. prolifera contains an abundant of nutrients and bioactive

Enteromorpha prolifera comprise the genus Ulva. Ulvaceae can multiply rapidly under eutrophication, and

substances, which could improve the immunity, promote growth and effect nutrients metabolism, etc. To investigate the
effects of E. prolifera on the growth performance, non-specific immunity and digestive enzyme activity, six fundamental
diets adding different dosages (0%, 1%, 2%, 3%, 4%, and 5%) of E. prolifera ultrafine powders were fed to Lateolabrax
Jjaponicus. The results showed that in the 4% diet, the content of body moisture, hepatopancrea somatic index (HSI) were
lower than other groups and the content of body protein were higher than others (P<0.05). In 3% diet, the weight gain rate
(WGR), specific growth rate (SGR), total protein (TP) in gastrointestinal tissue, the activity of protease, amylase (AMS)
and lipase (LPS) at intestinal tract and activity of stomach LPS were significantly improved (P<0.05), while the activity of
AMS and protease in stomach tissue were significantly decreased (P<0.05). Also, 3% diet significantly increased the
activity of Alkaline phosphatase (AKP) and TP in the liver, activity of AKP, total Superoxide dismutase (T-SOD),
Lysozyme (LSZ) in the serum, and reduced the activity of Glutamicpyruvic transaminase (GPT), Glutamic oxalacetic
transaminase (GOT) in the liver (P<0.05). The results showed that the addition of E. prolifera ultrafine powder in the diets
could enhance the growth performance, intestinal digestive enzyme activity and non-specific immunity of L. japonicus, and
the optimum adding amount was suggested as 3%. Results of this study were beneficial for commercialization development
of E. prolifera and replacement diet of L. japonicus, for a better development and utilization of E. prolifera, promoting the
development of new feed additive and economic aquaculture is of great significance.

Key words Enteromorpha prolifera; growth performance;

Lateolabrax japonicus; digestive enzyme activity;

non-specific immunity



