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, 28°C 5d,4°C , 2—3 1.2
4 ( 49.7% 20.9
EHRE : kilg) (D (
10 g 20g 20¢g 15g, pH6.0, , 68.3%, 10.4%)
105°C 20min 5000 mL )
450 g 450 mL pH, 105°C 45%
20min 1000 1U ,
NINEEREE A B2 S ,
( 5000 IU/g) 45%
, 50.2% 0.8%
3500.0 mL 5000¢ 1.3
5000.0 g 25¢g
( 1000 TU/kg ), ( ),
2
23°C, , , )
46°C, 19h , , 50L , 100 L/h 4
, , 80 , 3 , 28 ,
(PP-SBM) (2.02+£0.02) g 70d
1 ZRANEARERER®% )
Tab. 1 Formulation and proximate chemical composition of trial diets (% dry matter)
Diets Fish meal SBM SBM-+Phytase PP-SBM
Fish meal 68.00 37.40 37.40 37.40
Soybean meal (SBM) 0.00 39.80 39.80 0.00
Phytase- pretreated soybean meal 0.00 0.00 0.00 39-21
Phytase 0.00 0.00 0.02 0.00
Wheat meal 19.30 7.24 7.22 7.75
Fish oil 0.50 3.68 3.68 3.68
Soybean oil 1.00 0.68 0.68 0.76
Squid visceral oil 4.00 4.00 4.00 4.00
Vitamin premix” 2.20 2.20 2.20 2.20
Mineral premix' "} 1.00 1.00 1.00 1.00
Soy lecithin 2.50 2.50 2.50 2.50
Sodium Alginate 0.50 0.50 0.50 0.50
Feeding attractant® 1.00 1.00 1.00 1.00
Crude protein 50.15 49.47 49.28 49.71
Crude lipid 11.76 11.98 11.99 12.27
Ash 17.80 14.00 14.50 14.10
Energy (kJ/g) 20.60 21.04 20.97 21.13
Total phosphorus 1.65 1.16 1.17 1.16
Available phosphorus 0.99 0.63 0.65 0.70
c 1. Ca(H,POy)y; 2. (g/kg ): 6.6 g DMPT( s -B3- )
34¢g

Note: 1. Mineral premix without Ca(H,PO,),; 2. Compound feeding attractant (g/kg diet): betaine 6.6 g, dimethyl-B-propiothetin 3.4 g
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22.5—25.5C , Wy Wo)/ (Wi x Cp)
29.5—32.0, 7.0 mg/L (W Wo)/W
, 2 (08:00 16:00) Ng/N;x100
1h, (g’kg) (Ni Ng)/(W¢ Wo)x1000
> ) > » Wi (8), W
(&), t (d), Wi
14 (g), N , Wi
24h, (®). G (%), Ng
( 0.01g) (8. Ni
6 (2)
( + ) SPSS11.5
(105°C) , (P<0.05),
] Tukey
(ICP-OES; VISTA-MPX, VARIAN) , 2
20min s 9.95 g/kg,
10% 1.2% , 3.64 g/kg,
, , 63.4%
) - 2.1
> 500 nm ,
[10]
1.5 (P>0.05, 2)
45%
(InW, InWp)/t x100% (P<0.01)

(g/d-ind) Y (Wig/N)/tH"

#2 TEFMAXNERBEXFEFEERE. RER. BRE. ARNNEMEARBE MM +

Tab. 2 Effects of different supplemental methods of phytase on specific growth rate, survival, feed intake, feed efficiency ratio and protein

efficiency ratio of Japanese flounder (Mean + S.E.M.)"?

)1,2

Diets In1t1a¥ body Flnal' body Specific growth Survival Feed intake Feed effi- Protein effi-
weight weight rate (%) (g/d-ind) ciency ratio ciency ratio
0
() () (%) Y Y
Fish meal ~ 2.02+0.03 32.92+0.59"  3.99 +0.00° 100.00 £ 0.00  0.44 +0.01 1.00+0.02°  1.91+0.04°
SBM 2.11+0.06 26.40+0.40°  3.61+0.04° 94.05 + 2.38 0.42 +0.01 0.82+0.03°  1.58+0.05"
SBM+Phytase  2.01 +0.02 31.28 +0.88"  3.92 +0.03" 96.43 + 0.00 0.45+0.01  0.94+0.02® 1.80+0.04"
1.99+0.02 3220+0.69"  3.98+0.02° 98.81+1.19 0.44 £0.02  0.97+0.03* 1.85=0.06"
Phytase-pretreated SBM
One-way ANOVA’®
F 1.80 19.75 48.11 3.93 0.69 8.70 8.55
P 0.23 0.00 0.00 0.05 0.58 0.01 0.01
1 3 ;2.

ANOVA

B

(P<0.05); 3. One-way

Note: 1. Values are means and standard errors of three replicates; 2. Means with different superscripts within the same column have
significant differences (P<0.05); 3. One-way ANOVA: One-way analysis of variance, the same below
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(P>0.05), 2.2
(P>0.05),
(P<0.01, 2) 4 , ,
, (P<0.05),
(P<0.05) (P<0.05) ,
(P<0.05),
(P>0.05) (P<0.05)
(P<0.05), , ( 4
( 2) (P<0.01),
3 , (P>0.05)
(P>0.05) , ,
(P<0.05) (P<0.01) (P<0.01), (P<
i 0.01), (P>0.05)
(P>0.05) (P>0.05)
(P<0.05) ,
(P>0.05) (P<0.01)

%3 FERMARNEEEEG T8 & K E MK 5 B 0m( + )
Tab. 3 Effects of different supplemental methods of phytase on the whole-body composition of Japanese flounder (Mean + S.E.M.)

Diets Moisture Crude protein Crude lipid Ash Energy
(%) (%) (%) (%) (%)
Fish meal 73.91 +0.26 18.42 +0.18" 4.64 +0.05° 2.46 +0.02° 5.93 +0.03
SBM 74.59 +0.14 17.62 +0.10° 4.16 +0.02° 2.73 £ 0.03° 5.74 + 0.04
SBM+Phytase 73.96 £ 0.27 18.25 + 0.19® 4.54 +0.05° 2.66 + 0.06° 5.92 +0.06
74.37£0.17 17.78 £ 0.12% 4.65+0.03° 2.70 £ 0.04* 5.80 + 0.08

Phytase-pretreated SBM
One-way ANOVA

F 2.25 6.12 36.68 9.22 2.62
P 0.16 0.02 0.00 0.01 0.12

x4 FRFMAXNEREEIE. B, SIOREMERERHFNE( + )

Tab. 4 Effects of different supplemental methods of phytase on the retention and load of nitrogen, phosphorus and calcium for Japanese
flounder (Mean + S.E.M.)

Diets Nitrogen retention N load P retention P load Ca retention Ca load

(%) (g/kg) (%) (g/kg) (%) (g/kg)
Fish meal 35.14 + 1.06* 54.50 +2.15° 37.08 +1.39°  11.83+0.53*  42.75+1.29° 11.64 + 0.53°
SBM 27.87+1.14° 73.28 +3.61° 39.51+£0.91° 9.56 £ 0.44°  48.78 +1.99° 8.58 £0.61°
SBM-+Phytase 32.86 +1.12° 59.79 + 2.48° 50.16 + 1.80° 7.05+0.43° 4825+ 1.64° 7.58 +£0.43°
32.88 +0.78° 58.18 £2.39° 53.59 +2.11° 6.39 £0.46°  65.73 +1.56" 472 +0.35¢

Phytase-pretreated SBM
One-way ANOVA
F 8.84 9.10 24.64 28.36 36.77 33.71

P 0.01 0.01 0.00 0.00 0.00 0.00
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EFFECTS OF DIFFERENT SUPPLEMENTAL METHODS OF PHYTASE TO
SOYBEAN MAIL ON GROWTH AND FEED UTILIZATION OF
JAPANESE FLOUNDER (PARALICHTHYS OLIVACEUS)

CHEN Jing-Hua'? and MAI Kang-Sen'

(1. The Key Laboratory of Mariculture, Education Ministry of China, Ocean University of China, Qingdao 266003;
2. College of Animal Science and Technology, Qingdao Agricultural University, Qingdao 266109)

Abstract: A study was conducted to evaluate the effects of different supplemental methods of phytase on growth and
feed utilization of Japanese flounder (Paralichthys olivaceus). The phytase-pretreated soybean meal (PP-SBM) was
obtained by fermentation with Candida utilis. Four isonitrogenous (49.7% crude protein) and isocaloric (20.9 kJ/g) diets
were formulated. The control diet contained 68.0% fish meal (FM) as the main protein source. In soybean meal (SBM)
diets with 0 and 1000 IU/kg phytase, 45% of FM protein was replaced by SBM protein. The PP-SBM diet was formu-
lated in which phytase-pretreated soybean meal protein replaced 45% of FM protein. Each diet was randomly fed to
triplicate groups of Japanese flounder with initial weight (2.02 + 0.02) g/fish. Fish were fed to apparent satiation twice
daily (08:00 and 16:00). During the experiment, water temperature fluctuated from 22.5 to 25.5°C, salinity from 29.5 to
32.0 and dissolved oxygen was not less than 7.0 mg/L. At the end of the 10-week feeding trial, survival and feed intake
showed no significant difference among dietary treatments (P>0.05). The specific growth rate (SGR), feed efficiency
ratio (FER), protein efficiency ratio (PER), nitrogen retention (P<0.05), phosphorus load and calcium load (P<0.01) of
fish fed the SBM diet without phytase were significantly lower than those in control (P>0.05). The SGR, FER, PER and
nitrogen retention showed no significant difference among fish fed the SBM diet supplemented phytase, PP-SBM diet
and control diet (P>0.05). Comparing with the SBM diet without phytase, the fish fed the SBM diet supplemented phy-
tase showed significantly higher SGR (P<0.01), nitrogen retention (P<0.05) and phosphorus retention (P<0.01), and
significantly lower nitrogen load (P<0.05) and phosphorus load (P<0.01). The FER and PER showed no significant
difference between the treatments of SBM diets with and without phytase (P>0.05). The content of phytate in phy-
tase-pretreated SBM was lower than that in SBM. The fish fed the diet contained phytase-pretreated SBM exhibited
significantly higher SGR (P<0.01), FER, PER and nitrogen retention (P<0.05), and significantly lower nitrogen load
(P<0.05), phosphorus load and calcium load (P<0.01) than the fish fed the SBM diet without phytase. The whole-body
moisture and energy were not affected significantly by different supplemental methods of phytase (P>0.05). The
whole-body crude protein (P<0.05) and crude lipid (P<0.01) in group of the SBM diet without phytase were signifi-
cantly lower than those in control. The whole-body crude protein and crude lipid showed no significant difference
among fish fed the SBM diet with phytase, PP-SBM diet and control diet (P>0.05). The ash in fish fed the SBM diet
without phytase, SBM diet supplemented phytase and PP-SBM diet was significantly higher than that in fish fed FM diet
(P<0.05). The results indicate that supplementation of phytase to the SBM diet can improve growth response and utili-
zation of nitrogen and phosphorus, and the pretreatment of soybean meal with 1000 IU/kg diet phytase can improve the
growth responses and feed utilization of Japanese flounder (Paralichthys olivaceus).

Key words: Japanese flounder Paralichthys olivaceus; Soybean meal; Phytase; Growth; Feed utilization



