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Tab. 1 The composition of the experimental diets (% dry matter)

Ingredients Diet
Cl C2 T1 T2 T3 T4
*Fish meal® 30 26 26 26 26 26
® Soybean meal® 26 26 26 26 26 26
Fish oil 1.5 1.5 1.5 1.5 1.5 1.5
Soybean oil 3 3 3 3 3 3
o- a-Starch 5 5 5 5 5 5
Wheat starch 22.4 11.4 11.4 11.4 11.4 11.4
¢ U.pertusa® 0 15 15 15 15 15
¢ Vitamin mixture 1 1 1 1 1 1
¢ Mineral mixture® 1 1 1 1 1 1
Cellulose 9 9 8.91 8.82 8.74 8.65
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
" Enzymic preparation” 0 0 Al A2 A3 A4
DL_ Methionine 0.5 0.5 0.5 0.5 0.5 0.5
Ca(H,PO,), 0.5 0.5 0.5 0.5 0.5 0.5
( ) Nutrient composition (% dry matter)
Dry matter 93.36 93.72 92.40 92.37 92.57 92.19
Crude protein 32.15 31.75 32.14 31.56 31.44 31.88
Crude fat 8.18 8.01 8.10 8.17 8.07 8.02
Crude ash 9.78 14.80 15.02 14.91 15.26 14.95
a. 64.17% 11.24% b. 48.4% 1.03% c.
17.92% 1.12% 32.66% d. : A 4x10° D; 2x10°
E60g K;6g B, 75g By1l6g Bgl2g B;; 100 mg 88 g 36g 2g
100 mg 100 g 200g e. 10 g 32¢ 3g 52 mg 65 mg
15 mg f. B-

Note: a. The crude protein and lipid content of fish meal are 64.17% and 11.24%; b. The crude protein and lipid content of
soybean meal are 48.4% and 1.03%; c. The crude protein, lipid and ash content of U.pertusa are about 17.92%, 1.12% and
32.66%, respectively; d. The amounts of the following vitamins in per kg of premix are: A, 4x 10° 1U; D5, 2x10% 1U; E, 60 g K;, 6
g; By, 7.5 g; By, 16 g; Bg, 12 g; By,, 100 mg; nicotinic acid, 88 g; pantothenic acid, 36 g; folic acid, 2 g; biotin, 100 mg; inositol, 100
g; C-monophopholipid, 200 g; e. The amounts of following ingredients in per kg of premix are: iron, 10 g; zinc, 3.2 g; magnesium, 3 g;
cobalt, 52 mg; iodine, 65 mg; selenium, 15 mg f. enzymic preparation was consistent of different levels of celluase, xylanase and

fS-glucanase

1.4.3 _ PR E I <100%
Sk AR R A A R
(weight gain rate, WGR, %) (survival rate, SUR, %) = j;)zziﬁ x100%
I 00%
Wo
(specific growth rate, SGR, %) (ADC of dry matter)
GRS 0
_ LnW LWy - 1—M x100%
n éj\:ﬁii EPCI'203 %
(feed conversion ratio, FCR) ADC of
et Sy Fal [YAVE ;E,'—"» 2 VAN )
i %éig nutrient) | 1 r@AHEPCrzOg o i:z@%?%)ﬂiﬂ % ) 100%
PRI FEAH 1 Cr, O, % x TARNE TR %

(protein efficiency rate, PER, %)
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W, (&) W Cl
(g) n ADC (P>0.05)
(apparent digestibility coefficient) 2.2
1.5 3
3 + NSP
(Mean + SD) SPSS
(ANOVA)  Tukey Cc2 (P<0.05) T3
P<0.05 NSP
C2
2 Cl
21 (P>0.05)
(P>0.05)
56d
) 2.3
NSP
C2 Cl - 3 NSP
(T4 ) (P>0.05)
4 T3 (P>0.05)
2 RBEARKEBERETFENERYER
Tab. 2 Growth performance of S. canaliculatus fed with the experimental diets
Diet
Growth index Cl1 C2 T1 T2 T3 T4
IBW(g) 16.300.15 16.43+0.10 16.23+0.10 16.32+0.05 16.50+0.11 16.52+0.04
FBW(g) 45.67+2.14° 37.52+1.03° 41.86£2.06"  42.43+0.55%  44.48+0.61° 40.20+0.60%
WGR(%) 180.24+14.10°  128.46+7.39°  158.14+14.35® 160.00£4.13"  169.52+3.22%  155.47+4.27%
SGR(%) 1.84+0.09° 1.47+0.05° 1.690.10% 1.71£0.03% 1.77+0.02° 1.67+0.03%
FCR 1.56+0.08" 1.85+0.04° 1.76+0.06 1.74+0.04% 1.68+0.06™ 1.83+0.04°
PER(%)  201.32£9.46*  169.09+3.61°  178.36+5.65® 180.11+4.16®  186.21+5.98%°  170.97+3.48"
SUR(%) 97.78+2.22 91.11£2.22 95.56+2.22 95.56+4.44 97.78+2.22 93.33+3.85
+ (n=3) (P<0.05).

Notes: Values are Mean = SD (n=3). Values in same row without a common letter are significantly different (P<0.05). The

same bellow

R3 EHETEMARIERMNRAELE(%)

Tab.3 The ADC of dry matter, protein and lipid among S.canaliculatus fed with the different diets(%)

Diet ADC of dry matter ADC of protein ADC of lipid
Cl 61.94+1.30° 80.38+0.63° 78.58+3.84
C2 48.91+4.08° 75.04+1.69¢ 72.69+5.67
Tl 51.60+3.19% 84.45+0.41° 76.21+1.64
T2 53.62+0.96% 84.54+0.52° 75.34+3.31
T3 55.38+2.40% 84.81+0.45° 73.46+1.67
T4 50.65+0.81% 81.50+0.55% 73.31+1.83
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3ok ] DCl 2.4
J &3 C2
25+F l l_ - T1 4
i % =Y T2
=T3
I T4 (P>0.05)

(=]
T

x4 TREAREAEDEF&BEKS (%)
Tab. 4 Body composition of S. canaliculatus fed with the

g iy e i
Lipase activity/(U-mg ' protein)
o
T

[T T b
N

I
7
=

5 -
experimental diets(%)
0
H Stomach Hi /s Foregut FFIE Liver
Diet Moisture Crude protein Crude lipid  Crude ash
1 Cl 69.81+£0.57 18.21+0.58 11.39+£0.77 3.86+0.26
C2 69.46+0.52 19.60+0.98 10.86+0.66  4.28+0.25
Fig. 1 Effects of different diets on lipase activities in Tl 69.72+1.33  18.71£0.92  11.74+0.89  3.83+0.50
stomach, foregut and liver of S. canaliculatus T2 70.28+0.94 18.37+0.61 11.31+0.97  3.69+0.24
T3 70.94+0.48 18.02+0.52 10.68+0.84 4.23+0.15
* (n=3) T4 70.61£1.57 18.1240.86 11.09+0.57  4.00+0.13
(P>0.05)
Note: Mean + SD (#=3). In the same tissue, bars without a
letter are not significantly different (P>0.05). The same bellow 2.5
5 15%
350k cicl 4%
B9 C2
3001 ll;L r T1 Met Tyr Lys C1
2501 1 T2 His Cl1 Glu Gly Ser
=T3
m T4 Cl Ala Cl1

x5 FREABIERAM

’L%ﬂ Tab. 5 The amino acid composition of the six experimental diets
Diet

B S 1
Protease activity/(U-mg ' protein)

T AT

s \

5 Stomach Ml Foregut JERE Liver Amino acid(%) Cl1 Cc2 T1 T2 T3 T4
Asp 991 949 954 950 9.69 947
2 Thr 477 4.60 449 428 480 4.86
Ser 346 5.68 589 599 594 559
Fig. 2 Effects of different diets on protease activities in Glu 1241 1392 1434 1426 1390 14.32
stomach, foregut and liver of S. canaliculatus Pro 027 026 029 028 029 027
Gly 11.50 13.72 13.28 13.20 13.40 13.49
Ala 1129 894 9.21 8.81 8.40  8.49
5 = =l Cys 033 047 042 047 049 046

g 30 LLL 1 o Val 480 480 419 502 483 441
w2 0 =h =T Met 273 203 212 214 217 200
o 20r = =13 [so 415 417 383 407 412 436
2l g m T4 Leu 1002 984 978 944 960 9.92
22l g Tyr 330 197 232 234 233 198
2 0 = Phe 412 405 431 425 422 417
E‘ 0 = e Lys 9.03 761 738 7.2 7.18 7.29
< ¥l Stomach il Foregut  FFAE Liver His  2.65 342 346 361 359 3.62

Arg 527 503 515 524 504 529

2.6
Fig. 3 Effects of different diets on amylase activities in
stomach, foregut and liver of S. canaliculatus 6
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Tab. 6 The amino acid composition of muscle in S. canaliculatus fed with the experimental diets
Diet
Amino acid(%) Cl1 Cc2 T1 T2 T3 T4
Asp 9.11+0.22 8.78+0.17 8.5440.20 9.254+0.25 8.56%0.19 8.74+0.21
Thr 5.08+0.12 5.2440.19 5.16+0.23 5.12+0.06 5.37+0.06 5.35+0.16
Ser 5.49+0.21 5.294+0.31 5.12+0.13 4.94+0.31 5.58+0.09 5.70+0.12
Glu 12.36+0.20° 14.36+0.62° 14.35+£0.32° 14.2240.07* 14.42+0.10° 14.254+0.22%
Pro 0.24+0.01 0.28+0.03 0.27+0.02 0.29+0.05 0.26+0.02 0.28+0.03
Gly 12.2240.05 12.15+0.42 12.09+0.13 12.40+0.19 12.57+0.12 12.63+0.20
Ala 9.11+0.22 8.78+0.17 8.5440.20 9.25+0.25 8.56+0.19 8.74+0.21
Cys 0.49+0.01 0.41+0.09 0.49+0.03 0.48+0.04 0.53+0.02 0.49+0.01
Val 5.29+0.14 5.51+0.13 5.53+0.04 5.16+0.15 4.94+0.09 5.16+0.29
Met 2.85+0.16° 1.70+0.01° 1.44+0.29° 1.73£0.17° 1.72+0.08° 1.5540.13°
Iso 3.56+0.12 3.68+0.21 3.88+0.04 3.62+0.17 3.46+0.23 3.58+0.17
Leu 9.95+0.15 10.14+0.08 10.14+0.05 10.44+0.18 10.09+0.14 10.04+0.30
Tyr 4.06+0.06° 2.39+0.02° 2.33+0.05° 2.33+0.06° 2.33+0.09° 2.48+0.27°
Phe 3.90+0.05 3.98+0.06 3.86+0.10 3.86+0.10 3.72+0.10 3.8440.10
Lys 9.45+0.26 9.06+0.32 9.02+0.14 8.78+0.19 8.8640.39 9.00+0.18
His 1.86+0.01° 3.05+0.06% 3.04+0.01% 3.1440.02° 3.2240.02% 3.13£0.07°
Arg 5.17+0.08 5.00+0.06 5.12+0.04 5.23+0.08 5.24+0.06 5.16+0.01
6
Met (18:2n6  20:5n3
Tyr Cl1 (P<0.05) 22:5n3) DHA(22:6n3)
His Cl (P<0.05) Glu
Cl (P<0.05)
Fz7 REENEERIERAK
2.7 Tab. 7 The main fatty acid composition of the six experimental diets
7 (%) Diet
Fatty acid(%) Cl1 Cc2 T1 T2 T3 T4
(18:2n6 18:3n3  20:5n3  22:6n3) 18:2n6  28.58 2325 23.42 2082 22.85 22.70
18:3n6 0.20 020 0.19 0.18 0.18 0.20
( ) 18:3n3 406 3.60 3.47 334 351 3.59
20:4n6 046 036 037 036 036 037
20:5n3 630 520 496 515 519 5.10
2.8 22:5n3 0.65 0.56 067 0.55 0.56 0.59
g 22:6n3 6.88 5.68 550 564 558 5.73
=8 AENEARHLBAEEKEEMA EZIEAHERE MK
Tab. 8 The main fatty acid composition of muscle in S. canaliculatus fed with the experimental diets
Diet
Fatty acid(%) Cl C2 T1 T2 T3 T4
18:2n6 17.05+0.17° 15.56+0.23° 15.40+0.07° 15.76+0.16° 15.52+0.06° 15.00+0.62°
18:3n6 0.60+0.03 0.58+0.02 0.49+0.01 0.53+0.01 0.57+0.05 0.57+0.01
18:3n3 1.97+0.01 1.88+0.06 1.91£0.02 1.91£0.02 2.10£0.10 1.88+0.06
20:3n6 0.61+0.01 0.58+0.03 0.67+0.04 0.57+0.01 0.64+0.01 0.60+0.01
20:4n6 1.08+0.06 0.97+0.02 1.03+0.10 1.04+0.06 0.910.10 1.10+0.05
20:5n3 2.65+0.02° 2.03+0.14° 1.96+0.16° 1.9840.16° 2.00+0.08° 2.08+0.05°
22:5n3 3.30+0.07° 2.62+0.09° 2.73+0.11° 2.5140.02° 2.66+0.08° 2.79+0.18°
22:6n3 8.62+0.04 8.69+0.17 8.05+0.31 7.88+0.44 8.12+0.27 7.80+0.19
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Met Tyr Lys
(
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Drew et al 2007 Chengetal 2003)
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10%—15%(Walker et al,
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1999)
(
2006) T4
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( 2013)
NSP
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15%
Xu (2011)
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Glu Glu
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Effects of Non-Starch Polysaccharide Enzymes in Diets with Seaweed Ulva
pertusa on Growth, Dietary Apparent Digestibility and Flesh Nutrition
Composition of Siganus canaliculatus

YOU Cuihong, LI Xi, WANG Shugqi, LI Yuanyou

(Marine Biology Insititute & Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou
University, Shantou, Guangdong 515063)

Abstract In order to evaluate the effects of non-starch polysaccharide (NSP) enzymes in the seaweed
Ulva pertusa-containing diets on the feed utilization of Siganus canaliculatus, we prepared six
isonitrogenous and isolipid compound diets with 32% crude protein and 8% lipid. Diets without seaweed
were used as control diet 1 (C1); diets that contained 15% seaweed powder were used as control diet 2
(C2); four other diets that contained 15% seaweed powder together with different levels of non-starch
polysaccharide enzyme were used as experimental diets (T1-T4). S. canaliculatus juveniles were fed with
these six diets for 8 weeks. We then compared their growth performance, the activities of digestive
enzymes, and the apparent digestibility of nutrients, in order to determine the effects NSP and its optimal
amount in the diet. The results showed that the weight gain rate, specific growth rate and protein
efficiency rate in Groups T1-T4 were higher than those in Group C2, but displayed no significant
difference from Group C1 (except for the protein efficiency in Group T4) (P>0.05). All six groups showed
no significant differences in the body biochemical composition and activities of digestive enzymes in
stomach, foregut and liver that included protease, amylase and lipase (P>0.05). The apparent digestibility
coefficient of protein and the digestibility of dry matter in Groups T1-T4 were significantly higher than
those in Group C2 (P<0.05). The whole body composition was similar between the seaweed groups and
the control group. In terms of the amino acid and fatty acid composition in the dorsal muscles, seaweed
groups showed no significant differences from the control, except that the levels of ALA, EPA, DPA, Tyr
and Met in flesh were reduced in the seaweed groups, and the level of His was increased. These results
indicated that the addition of NSP enzyme in seaweed-containing diets could improve the growth
performance and feed utilization efficiency, and seaweeds in diet have little impact on the nutrition
composition in the flesh.

Key words Non-starch polysaccharide enzyme; Siganus canaliculatus; Seaweed diet; Digestive

enzyme; Apparent digestibility coefficient
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