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s , , 65% , 350*450mm,
R R 10 , 3—4 d
s (Nelson et al, 2008)
R (0%) Diet 1(1%) Diet 2(2%)
R , Diet 3(3%) Diet 4(4%) Diet 5(5%)
5 2—3 d,
, (Oncorhynchus mykiss)(Onder et al, -20°C
2009), ( Larimichthys crocea) (Asino et al, 21 ERENESFE)
2011), (Scophthalmus maximus)( , 2015) Tab.1 Formulation and proximate composition of the basal
(Liza haematocheila)( ,2012) diet (% dry matter)
Ingredients Contents (%)
’ Fish meal 47.0
’ Soybean meal 23.0
’ Wheat flour 16.3
’ Fish oil 4.0
Soybean oil 3.0
s Lecithin 2.0
5 5 Mineral premix 0.5
Vitamin premix 0.5
( , 2013) Choline chloride (50%) 0.5
Ca(H:PO,), 1.0
’ Sodium alginate 1.0
’ Chinese herbal medicine 1.2

Proximate chemical composition

Crude protein (% DM) 42.24
Ether extract (% DM) 11.90
Ash (% DM) 12.2
1 Moisture (%) 8.1
1.1 1.3
(1200L) 540 | (6.40+0.14)g], 18
14d (7: 30—S8: 00, 16: 30—17: 00) (40cm x 40cm x 70cm)
) ) 6 , 3
1.2 (7: 30—8: 00, 16: 30—17: 00)
, 30min , ) )
, 24h
( 1) (26+1) °C pH(8.0+0.2)
2014 3—S5 , =7 mg/L <0.2 mg/L
60°C , 1.4
R 200 28d 24h, ,
2%o0 ( 5

), 1% , 1mL
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12h ,
3000r/min 10min, -80°C
, 1.5.4 ,
. 9 Vwy  85% (4°C),
, -80°C 5 min, 3000 r/min
3 -80°C 15 min, 20%
(T-SOD)
1.5 (LZM) (AKP)
1.5.1 ,
SGR(%/d) = 100x(In - 1.5.5 SPSS19.0
In )/ (One-way ANOVA),
WG(%) = 100%( - )/ Duncan , P<0.05
; +
FCR(%)= /( -
2
)
SR(%) = 100x( / ); 2.1
HSI(%) = 100x( / ); 2,
CF(%) = 100x )/ * (em?)
1.5.2 70°C (P<0.05)( 3) Diet
, 105°C 2(2%) ,
, 45.2% 18.2% (P<0.05),
( x6.25) ; ( (P>0.05)
) ; (550°C) )
1.5.3 , , Diet 3(3%)
1:9 (VIw) 4°C 0.85% , 16.6% (P<0.05)
Smin (4°C, 3000r/min, (P>0.05), 100%
15min) , -80°C 3 )
(AMS) (LPS) , 291% 2.71%
K2 ABUEMEHEKIEN
Tab.2 Effects of fermented E. prolifera on the growth performance of L. japonicus
(0%) Diet 1 (1%) Diet 2 (2%) Diet 3 (3%) Diet 4 (4%) Diet 5 (5%)
(g) 6.40+0.14° 6.20+0.16 6.37+0.30° 6.61+0.24* 6.57+0.35" 6.98+0.07*
(8) 29.85+1.19* 32.10+1.79% 39.39+2.94° 37.40+2.38" 33.64+1.87" 38.07x1.11%
WG (%) 360.8+20.7° 418.8+42.2% 524.1£72.6 464.5+18.4* 413.2426.7™ 444.9+10.1°
SGR (%/d) 5.49+0.12° 5.85+0.28 6.49+0.39° 6.17£0.11% 5.83+0.19™ 6.05£0.06™
HSI (%) 1.42+0.03° 1.25+0.04° 1.38+0.02" 1.24+0.03" 1.32+0.05% 1.24+0.08°
CF (%) 1.79+0.18" 1.87+0.39° 1.91+0.03 1.90+0.03* 1.82+0.02° 1.89+0.08"
FCR(%) 0.91+0.01° 0.87+0.01° 0.84+0.03" 0.78+0.03" 0.85+0.02% 0.89+0.01°
SR (%) 100+0.00° 100+0.00° 100+0.00° 1000.00° 100+0.00° 100+0.00°
(P<0.05)
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Tab.3 SGR, FCR of Fitting equations
R? Xnax
(SGR) y=—0.0825x>+0.4816x+5.5321 0.5817 2.91%
(FCR) ¥=0.0143x-0.0777x+0.9200 0.8042 2.71%
2.2 5,
4
s (P>0.05) (P<0.05),
, Diet 3(3%)
(P>0.05) ,
2.3 (P<0.05) , Diet 2(2%)
5 s 2% — , (P<0.05),
3% , , (P>0.05)
(P<0.05), 2%—3%
Diet 2(2%) (P<0.05)
Diet 3(3%) 6
s (P<0.05), ,
(P>0.05) 2.50%—3.00%
F4 EBWEBENEERESHNEMGREY)
Tab.4 Effects of fermented E. prolifera on the whole-body composition of L. japonicus (wet weight %)
(0%) 73.30+0.32° 12.46+0.79° 73.05+0.90° 16.46+0.68"
Diet 1 (1%) 71.54+0.31° 14.38+1.05% 73.62+1.19% 16.87+0.95
Diet 2 (2%) 72.33+0.74% 15.68+0.30° 75.35+2.68% 18.40+0.72°
Diet 3 (3%) 72.93+0.59* 15.60+0.54° 78.03+0.86° 18.56+0.64"
Diet 4 (4%) 72.03+0.64° 15.44+1.12° 74.38+0.89" 17.89+0.87°
Diet 5 (5%) 72.82+0.33° 15.23£0.96° 76.61+0.59" 17.62+0.35°
(P<0.05),
£S5 ABUEMIESELEEMEZN
Tab.5 Effects of fermented E. prolifera on the activities of digestive enzymes of L. japonicus
(U/mg prot) (U/mg prot) (U/mg prot) (U/mg prot) (U/mg prot) (U/mg prot)
(0%) 695.31£68.90° 0.25+0.05° 34.70+2.72° 5.37+0.73° 0.13+0.02° 7.78+0.97°
Diet 1 (1%) 762.76+41.87° 0.49+0.01° 38.59+1.71% 11.49+1.83° 0.14£0.01* 12.93+1.26™
Diet 2 (2%) 1551.69+150.34° 0.50+0.00° 47.31+0.70% 12.02+1.05° 0.27+0.01° 14.51+1.54°
Diet 3 (3%) 1343.65+102.03° 0.49+0.01° 51.76+6.83° 19.10+2.20° 0.20+0.01% 12.71£1.77%
Diet 4 (4%) 945.53+51.91° 0.46+0.02° 44.25+5.12% 11.19+0.80° 0.13+0.01% 12.24+1.69
Diet 5 (5%) 912.77+55.41° 0.37£0.01° 42.31+4.16™ 12.98+2.56° 0.18+0.03™ 12.33+£2.28%
(P<0.05)

2.4

>

Diet 2(2%)

(P>0.05)
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Fo6 WUEHE: LUHKEEEMHEAER

Tab.6  Activities of digestive enzymes of Fitting equations

R Xonax
y=-93.737x*+509.47x+620.86 0.6215 2.71%
y=—0.9895x+5.8065x+6.5789 0.5140 2.93%
(AMS) y=—0.0323x%+0.1750x+0.2832 0.8700 2.78%
y=-0.0107x*+0.0579x+0.1286 0.3028 2.70%
(LPS) y=—1.6798x*+10.099x+33.305 0.8401 3.00%
y=—0.5982x+3.5305x+8.7407 0.7207 2.95%
F7 EEBWEMNILEME R
Tab.7 Effects of fermented E. prolifera on the immune response of L. japonicus
(U/mL) (U/mL) ( /100mL)
(0%) 65.20+3.36" 113.35+6.72° 3.38+0.18*
Diet 1 (1%) 74.92+4.70™ 131.12+17.18° 3.78+0.51°%
Diet 2 (2%) 88.31+1.71° 183.27+5.79" 4.19+0.44°
Diet 3 (3%) 83.31£6.81° 138.066.37° 4.00+0.39"
Diet 4 (4%) 76.26+5.16™ 130.86+6.53" 3.95+0.32°
Diet 5 (5%) 74.49+1.36" 113.74+5.64° 3.73+0.22°
(P<0.05)
R Diet 2(2%) R (P<0.05),
(P<0.05) (P>0.05)
(P<0.05), :
(P<0.05) ,  Diet 2(2%)
8 : (P<0.05)
(P<0.05),  Diet 2(2%) 9
>
(P>0.05) 2%—3% 2.41%—3.00%
x8 AEMNEBEXNLYITHREESM
Tab.8 Effects of fermented E. prolifera on the immune response of L. japonicus
(U/mL) (U/mL) ( /100mL)
(0%) 82.07+1.04" 69.82+5.31° 3.29+0.46"
Diet 1 (1%) 88.41+2.82% 83.95+4.93% 4.44£0.57"
Diet 2 (2%) 98.73+2.05°¢ 106.22+7.98 5.54+0.58°
Diet 3 (3%) 93.39+1.14% 111.00+11.18° 4.78+0.73%
Diet 4 (4%) 93.18+2.96" 85.22+4.34% 4.35+0.91%
Diet 5 (5%) 85.26+0.56 83.30+5.92% 4.71£0.33%
(P<0.05)
*9 HEFE: URKREEEEAIER
Tab.9 Immune response of Fitting equations
R Kinax
y=—2.4859x*+13.729x+65.584 0.8181 2.76%
y=-2.0254x>+10.839x+81.642 0.8733 2.67%
y=—7.3545x*+35.514x+113.70 0.6218 2.41%
y= —4.8652x°+26.497x+68.273 0.7948 2.72%
y=—0.0882x+0.5002x+3.3964 0.9077 3.00%
y=—0.1798x*+1.0725x+3.4854 0.6439 2.98%
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, 1
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EFFECTS OF FERMENTED ENTEROMORPHA PROLIFERA ON GROWTH
PERFORMANCE, DIGESTIVE ENZYME ACTIVITIES AND SERUM NON-SPECIFIC
IMMUNITY OF LATEOLABRAX JAPONICUS

GAO Zhan"? ~ CHEN Qiang"? LI Zhong-Bao"? LI Wen-Jing"?,
HUANG Yong-Chun"?, XU An-Le"?, YANG Min"*

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

Abstract To evaluate the effect of fermentation Enteromorpha prolifera on growth performance, digestive enzyme
activities and serum non-specific immunity 6 diets adding 0%, 1%, 2%, 3%, 4%, 5% fermentation E. prolifera were
respectively fed to Lateolabrax japonicus (6.40+£0.14)g for 28 days. Each diet was randomly fed to one group with 3
replicates of 30 individuals and single-factor experimental design was employed in this study. The results showed that with
increase of fermentation E. prolifera level, L. japonicus weight gain ratio and the specific growth ratio in each group
showed a trend of first rising then falling, and got significant difference finally (P<0.05). While the concentration of
multivitamin was 2%, weight gain ratio and the specific growth ratio had reached the highest peak. E. prolifera
significantly reduced the feed conversion ratio while the crude protein and the crude lipid increased significantly but no
significant differences among each adding group (P>0.05). The activities of intestinal trypsin, amylase and lipase of
multivitamin added groups increased significantly with the control group (P<0.05). For intestinal trypsin, amylase and
lipase, the activities reached the maximum, when fish fed with diet adding 2%—3% fermentation, meanwhile, adding
fermentation E. prolifera. Enhanced the activities of serum superoxide dismutase and lysozyme significantly, but no
significant differences were found in the activities of alkaline phosphatase between trials (P>0.05). Also, the activities of
liver superoxide dismutase, lysozyme and alkaline phosphatase increased significantly. Based on results, it was suggested
that the optimization 2% to 3% of fermentation E. prolifera as additives.

Key words Lateolabrax japonicus; fermented Enteromorpha prolifera; growth performance; activities of

digestive enzymes; immune response



