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F1 HBABER

Tab.1 Composition of experimental diets

%
dietary E. prolifera level
ingredients 0% 50, 10% 15% 10%+ 15%+
control 10%+enzyme  15%+enzyme
fish meal 29 29 29 29 29 29
soya bean meal 26 24 22 20 22 20
fish oil 1.7 1.7 1.7 1.7 1.7 1.7
soya bean oil 3.4 3.4 3.4 3.4 3.4 34
a- a-starch 5 5 5 5 5 5
wheat starch 22.8 19.8 16.8 13.8 16.8 13.8
E. prolifera 0 5 10 15 10 15
vitamin 1 1 1 1 1 1
mineral substance 1 1 1 1 1 1
cellulose 9 9 9 9 8.8 8.8
choline chloride 0.08 0.08 0.08 0.08 0.08 0.08
C vitamin C 0.02 0.02 0.02 0.02 0.02 0.02
NSP  enzymes 0 0 0 0 0.2 0.2
DL methionine 0.5 0.5 0.5 0.5 0.5 0.5
CaHPO, 0.5 0.5 0.5 0.5 0.5 0.5
/% total 100 100 100 100 100 100
moisture 6.73 6.39 6.81 6.99 6.47 6.88
crude protein 33.54 33.44 32.32 32.35 32.51 32.71
crude lipid 8.01 8.12 8.13 8.19 8.06 8.28
ash 10.23 13.62 16.55 18.89 15.56 18.32
1) 17%, 0.5%, 45%; 67%, 10%, 9.0%;
50%, 0.5%, 9.1% 2) NSP B- s

Note: 1) The contents of protein, fat and ash are respectively 17%, 0.5% and 45% in E. prolifera; those of protein, fat and moisture are re-
spectively 67%, 10% and 9.0% in fish meal, and 50%, 0.5% and 9.1% in soya bean meal. 2) The main ingredients of NSP enzyme are cellu-
lase enzyme, beta dextranase and xylanase, their relative proportions are not provided in the description.

1.4.2 BB E
(GNGEREYI by
(protein efficiency rate, PER,%)
BE < “100%
, (survival rate, SUR, %) —iﬁxloo%
GB/T 6435-1986 GB/T 6432-1994 GB/T
6438-1992  GB/T 6438-2007 > We— > & Wo—
1.4.3 , 8 N— ,d
15
+
W, —W. (X £SE) , Excel ,
(weight gain rate, WGR, %) tW—OOX Origin 7.0 (ANOVA)
100% Tukey , P<0.05

(feed conversion ratio, FCR)
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2
2.1 ’
2.2
8 ,
2 ,
3 4 3 ,
b
9
5% (P>005) 4 ,
(P>0.05), 10% 15% )
(P<0.05) 0.2% NSP (LDL) (P>0.05),
,10%  15% 10% 15%
(P>0.05), NSP (HDL) (P<0.05)
F2 HFRHWEARFEENETE S ARHNERYR
Tab. 2 Growth performance of S. canaliculatus with experimental diets for 8 weeks
n=3; X +SE
dietary E. prolifera level
growth index 0% 59, 10% 15% 10%+ 15%+
control 10%+enzyme 15%+enzyme
IBW/g 23.14+0.12 23.30+0.33 22.99+0.13 22.64+0.25 22.29+0.03 22.74+0.10
FBW/g 56.17+1.14* 50.45+1.25% 49.05+ 1.16° 48.63+0.56° 52.18+1.34® 49.92+2.05°
WGR/% 142.80+7.03° 116.4442.33% 113.32+4.38° 114.87+4.04°  134.11+6.25% 120.47+8.47%
FCR 1.35£0.07* 1.46+£0.09% 1.56+ 0.04° 1.48+0.04™ 1.28+0.02° 1.4440.04"
PER/% 231.66£11.47% 215.17£13.05® 200.68 +5.15° 211.67+6.07® 244.08+3.06" 217.26+5.67%
SUR/% 91.67+0 94.45+4.81 91.67+8.33 94.44+9.62 97.22+4.81 95.84+5.89
, (P<0. 05).

Note: Different superscript letters within each row represent significant differences among groups(P<0. 05).

*3 FRREARFEAERETFANEKES
Tab. 3 Organism composition of S. canaliculatus with experimental diets
n=3; X £SE; %

dietary E. prolifera level

body composition 0% 5% 10% 15% 10%+ 15%+
control 10%+enzyme 15%+enzyme
moisture 76.08+3.44 74.62+1.02 74.52+4.23 76.30+3.42 75.73+£2.73 75.53+3.15
CcP 15.49+0.25 16.55+0.15 16.21+0.41 15.24+0.23 15.45+0.29 15.51+0.25
CF 7.39+0.04 7.51+£0.08 7.29+0.51 7.43+0.37 7.24+0.35 7.39+0.14
CA 3.36+0.45 3.27+0.63 3.56+0.59 3.40+0.22 3.55+0.19 3.08+0.18
F4 ERRARFEEREFENDS MEE KSR
Tab. 4 Some biochemistry indexes in serum of S. canaliculatus with experimental diets
n=3; X +SE; mmol-L!
/ % dietary E. prolifera level
serum index 0 5 10 15
control
cholesterol 1.59+0.16 1.63 +0.17 2.06£0.19 1.96+0.06
HDL 0.071+0.008° 0.040+£0.007* 0.025+0.009" 0.012+0.004°
LDL 0.96+0.35 0.92+0.47 1.08+0.68 0.66+0.31

( P<0. 05).

Note: Different superscript letters within each row represent significant differences among groups(P<0. 05).
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2.3 , (CAT)
GSH-Px , 5% 15
CAT ,
5 6 , GSH-Px (P<0.05); ,
(T-AOC) ,
(SOD), (GSH-Px) 10% 15% 15%
(P >0.05) , (P<0.05)

x5 SFHBANFEEREFEMNNANNELEEN

Tab.5 Antioxidant enzyme activities in muscle of S. canaliculatus with experimental diets

n=3; X +SE
/ % dietary E. prolifera level
antioxidase 0 control 5 10 15

T-AOC 0.010£0.002 0.012+0.003 0.011+0.002 0.015+0.005
SOD 472.94+50.38 545.05+17.58 458.19+91.30 516.38+110.35

CAT 24.04%2.30° 31.60+2.25° 29.34+2.88% 28.26+1.93%

GSH-Px 283.30+23.05 260.77+37.90 310.77+30.49 314.25+74.62

MDA 13.28+1.49" 11.26+1.10* 8.11£1.08° 9.16+1.28°

1 1) U-mg'protein, nmol-mg~'prot;

2) ( P<0. 05).

Note: 1) The units of T-AOC, SOD, CAT and GSH-Px are U-mg'protein, the unit of MDA is nmol-mg™'prot; 2) Different superscript letters
within each row represent significant differences among groups(P <0. 05).

*6 BFRBABFEERETERFNRELETED
Tab. 6 Antioxidant enzyme activities in liver of S. canaliculatus with experimental diets

n=3; X +SE
/ % dietary E. prolifera level
antioxidase 0 control 5 10 15
T-AOC 0.023:0.002 0.029+0.008 0.03120.009 0.032+0.007

SOD 230.21+10.91 254.17+53.95 281.48+25.29 297.54+40.70

CAT 63.02+8.29" 71.58+13.46° 110.44+18.90* 127.79+13.47°
GSH-Px 971.9+48.83° 1434.34+39.56" 1376.25£91.63° 1283.67+117.12°

MDA 30.06£1.97° 26.36%3.90° 22.06+5.99* 15.18+1.75°
0 1) U-mg'protein, nmol-mg~'prot;

2) ( P<0. 05).

Note: 1) The units of T-AOC, SOD, CAT and GSH-Px are U-mg 'protein, the unit of MDA is nmol-mg'prot; 2) Different superscript letters
within each row represent significant differences among groups (P <0. 05).

3 , 1% 5% ,
31 [10—11,19]’ ,
, 50% , Yousif 1% 10%
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Effects of dietary seaweed Enteromorpha prolifera on growth per-
formance, physiological and biochemical characteristics of rabbitfish
Siganus canaliculatus

ZHOU Shenggiang, YOU Cuihong, WANG Shugqi, LI Yuanyou

Guangdong Provincial Key Laboratory of Marine Biotechnology, Marine Biology Institute of Shantou University,
Shantou 515063, China

Abstract: We evaluated the feasibility of using seaweed Enteromorpha prolifera as a dietary ingredient for the
rabbitfish Siganus canaliculatus. We formulated five compound feeds with different levels of dried E. prolifera,
but all with 32% total protein and 8% lipid. Three of the diets contained 5%, 10%, or 15% dried secaweed. Two
diets contained 10% or 15% dried seaweed supplemented with 0.2% non-starch polysaccharide enzymes(NSP en-
zymes). The control diet had no seaweed. Groups of rabbitfish juveniles were fed one of the diets for 8 weeks. We
measured growth and physiological and biochemical indexes to determine the optimum dietary ratio of E. prolifera.
The addition of 5% seaweed had no effect on growth relative to the control group(P > 0.05), whereas growth de-
clined significantly in fish fed diets with 10% or 15% seaweed(P < 0.05). However, there was no difference in
growth between fish fed diets with 10% or 15% seaweed group and 0.2% NSP enzyme and the control
group(P>0.05). Furthermore, there was no significant difference in survival or the whole fish moisture, protein, fat,
and ash contents among the groups(P>0.05). The activities of hydrogen peroxide enzyme and glutathione peroxi-
dase increased, whereas malondialdehyde content decreased in the liver and muscle of fish fed diets containing
seaweed. Our results suggest that the optimal proportion of E. prolifera in rabbitfish diet is 5%, or between
10%-15% if supplemented with 0.2% NSP enzymes. The addition of seaweed in diets may also increase the anti-
oxidant capacity.

Key words: Siganus canaliculatus; formulated diets; seaweed; E. prolifera; non-starch polysaccharide enzyme;
growth performance; physiological and biochemical characteristics
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