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THE EFFECTS OF THE DIETARY MICROBIAL
PHYTASE SUPPLEMENTATION IN JUVENILE
OLIVE FLOUNDER, Paralichthys olivaceus AND
JUVENILE KOREAN ROCKFISH, Sebastes schlegeli

FED SOYBEAN MEAL-BASED DIETS

Gwang yeol Yoo

Department of Fisheries Biology Graduate School
Pukyong National University

ABSTRACT

The present study was conducted to determine the effects of the dietary
microbial phytase (P) supplementation in juvenile olive flounder,
Paralichthys olivaceus and juvenile Korean rockfish, Sebastes schlegeli fed
soybean meal-based diets. The first experiment was conducted to
determine the effects of the dietary microbial phytase on growth
performance and bioavailability of phosphorus in juvenile olive flounder
fed soybean meal-based diets. The second experiment was conducted to
determine the effects of the dietary microbial phytase on growth
performance and bioavailability of phosphorus in juvenile Korean rockfish

fed soybean meal-based diets.



Experiment 1 : Effects of the dietary microbial phytase on growth
performance and bioavailability of phosphorus in
juvenile olive flounder, Paralichthys olivaceus fed
soybean meal-based diets

Nine experimental diets were formulated to be isonitrogenous and
isocalolic to contain 50.0%crude protein (CP) and 16.7k], 48.6%crude
protein (CP) and 16.0k] available energy/g without the dietary phytase
supplementation for olive flounder : Dy ; 100% fish meal (FM), D2 ; 70% FM

+ 30% soybean meal (SM), D3 ; 70% FM + 30% SM + Phytase(P) 1000U/kg

diet, Dy ; 70% FM + 30% SM + P 2000U/kg diet, Ds ; 70% FM + 30% SM

with phytase-treated (Ptre) P 1000U/kg diet Ds ; 60% FM + 40% SM, Dy ;

60% FM + 40% SM + P 1000U/kg diet, Ds ; 60% FM + 40% SM + P

2000U/ kg diet, Do ; 60% FM + 40% SM with Ptre P 1000U/kg diet. After

two weeks of the conditioning period, triplicate groups of 25 fish initially
averaging 6.15+0.04g, was randomly distributed into the aquarium for
olive flounder. After 8 weeks of feeding trial, there was no significant
differences in weight gain (WG) among fish fed Dy, Dy, D3, D4 and Ds diets.

However, WG of fish fed Dy, Dz, D3, Dy and Ds diets were significantly

higher than that of fish fed Ds, D7, Ds and Dy diets. Feed efficiency (FE),

specific growth rate (SGR), protein efficiency ratio (PER) showed the same

trend as WG. There was no significant differences in hepatosomatic index

(HSI), condition factor (CF), hematocrit (PCV), hemoglobin (Hb) and
suvival among fish fed all of diets. Apparent phosphorus digestibility
(ADPh) fish fed phytase supplemental diets were significantly higher than
those of fish fed phytase non-supplemental diets. Therefore, these results
indicated that pre-treated soybean meal with phytase 1000U could replace

fishmeal up to 30% for the maximum growth of juvenile olive flounder.



Experiment 2 : Effects of the dietary microbial phytase on growth
performance and bioavailability of phosphorus in
juvenile Korean rockfish, Sebastes schlegeli fed soybean
meal-based diets

Nine experimental diets were formulated to be isonitrogenous and
isocalolic to contain 48.6%crude protein (CP) and 16.0k], 48.6%crude
protein (CP) and 16.0k] available energy/g without the dietary phytase
supplementation for juvenile Korean rockfish, : Dy ; 100% fish meal (FM),

D2 ; 70% FM + 30% soybean meal (SM), D ; 70% FM + 30% SM + Phytase(P)

1000U/ kg diet, D4 ; 70% FM + 30% SM + P 2000U /kg diet, Ds ; 70% FM +

30% SM with phytase-treated (Ptre) P 1000U/kg diet Dg ; 60% FM + 40%

SM, D7 ; 60% FM + 40% SM + P 1000U/kg diet, Ds ; 60% FM + 40% SM + P

2000U/ kg diet, Dy ; 60% FM + 40% SM with Ptre P 1000U/kg diet. After

two weeks of the conditioning period, triplicate groups of 20 fish initially
averaging 7.2510.04g, was randomly distributed into the aquarium for

Korean rockfish. After 8 weeks of feeding trial, there was no significant

differences in weight gain (WG) among fish fed Dy, and Ds diets. However,

WG of fish fed D and Ds diets were significantly higher than that of fish

fed Dy, Dy, Ds, De, D7, Dy and Do diets. Feed efficiency (FE) showed the same

trend as protein efficiency ratio (PER). There was no significant differences
in hepatosomatic index (HSI), condition factor (CF), hematocrit (PCV),
hemoglobin (Hb) and suvival among fish fed all of diets. Apparent
phosphorus digestibility (ADPh) fish fed phytase supplemental diets were
significantly higher than those of fish fed phytase non-supplemental diets.

Therefore, these results indicated that pre-treated soybean meal with

phytase 1000U could replace fishmeal up to 30% for the maximum growth

of juvenile Korean rockfish.
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Table 1. Compostion and proximate analysis of nine experimental

diets (96 of dry matler basis)

Ingredients

|0
White fish meal’ 64
Corn gluten meal’ 4.0

Soybean meal’ 0
Wheat meal’ 40
Dextrin® 135
Methionine 0
I.-Lysine - HCI' 0
Sauid oil® 8.0
Vitamin premixg 1.0
Mineral premixm 30
Cr:03 0.5
Attractant 1.0
Cellulose 0.8
Glutamin 0.2
P‘nytase” 0

Proximate analysis

Moisture 26.4
Crude protein 501
Crude lipid 11.8
Crude ash 11.8

D

45

3.3
27
4.0
0.06
0.11
3.0
1.0
3.0
0.5
1.0
038
0.2

26.3
50.8
11.7
11.4

1D

45
3.8
27
4.0
0.06
0.11
3.0
1.0
3.0
0.5
L.O
0.8
0.1
4.1

20.6
50.9
11.9
11.5

Dy

45
3.8
27
40
23
0.06
0.11
8.0
1.0
3.0
05
1.0
0.8
0.1
0.1

27.1
50.3
11.8
109

Diets'

Ds

45
3.8
27
4.0
0.06
G.11
8.0
1.0
3.0
0.5
1.0
0.8

02

274
49.8
116
11.3

Dy
33
3.7
37
4.0
25
0.08
0.15
8.0
1.0
3.0
0.5
1.0
0.8
0.2

27.4
49.5
115
11.7

3.7
37
4.0
25
0.08
0.15
8.0
1.0
3.0
0.5
1.0
0.8
0.1
0.1

284
496
114
107

Dy Dy
38 38
37 37
37 37
40 40
25 25
0.08 0.08
0.15 0.15
80 &80
1.0 10
30 30
05 05
1.0 10
08 08
0.1 0
0.r 02
281 278
491 499
115 116
112 108

" Dy, 100% fish meal (FM) ; Dy,

70% FM + 30% soybean meal (SM) ; Dy,
0% FM + 30% SM + pretreated phytase 1000unit ; Dg, 70% FM + 30%
soybean meal (SM) + untreated phytase 1000unit; Ds, 70%6 FM + 30% SM
+ untreated phytase 2000unit ; Ds 60% FM + 40% soybean meal (SM) |
Dz 60% FM + 40% SM + pretreated phytase 1000unit ; D 60% FM +
40% sovbean meal (SM) + untreated phytase 1000unit; Do 60% FM + 40%
SM + untreated phvtase 2000unit
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Suhyup Co. Busan, Korea
American Sovbean Association/ Korea
Young Nam Flourmills Co., Pusan, Korea

United States Biochemical, Cleveland, Ohio 44122

" 05% L-lysine - HC (0.4% lysine)

10

E-wha oil Co., [.td., Pusan. Korea
Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium pantothenate,
150 5 Choline hitatrate, 3000; Inositol, 150; menadione, 6; Niacin, 150;
Pynidoxine - HCI, 15, Riboflavin, 30; Thiamine mononitarate, 15;
dl-a- Tocopherol acetate, 201; Retinyl Rioboflavin acetate, 6; Biotin, 1.5;
Folic acid, 5.4; B, 0.06
Contains (as mg/kg In diets) : NaCl, 4374, MgS04 - 7TH20, 1379.8;
NaHzP4 - 2H20, 8778, Ca(H2P04)2 - 2H20, 13667, KIH2PO4, 2414;
Zn504 - TH20, 226.4; Fe-Citrate, 299; Ca-lactate, 3004, MnSQ4, 0.016;
Fes504, 00378 CuS04, 0.00033; Calcium iodate, 0.0006; MgO, 0.00135;
MaSeO3, 0.00025
Natuphos 5000"™, BASF, NJ, USA
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Table 29 YERA. F 3 &(weight gain, WG), 9714 2 (specific
growth rate, SGR), AlE & &(feed cfficiency, FE), ©¥AHsg&
(protein efficiency ratio, PER)Ol ol tzFel D7} vjudglsu),
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Table 32 dola] dvbdFe wdtslot Hdojxe] Fuwa ghako ¢l
ol Atz Dy} Hju
A O (P<0.06), HofA ] FA kel SlojM EE AR d)E) o
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Table 4= 2| 23 #AsAdo®, oHd4 AE2s&(apparent
digestibility of dry matter, ADyell lolA tiz=5+2] Dok vjagd 2w o
FH WA FFE] 30%2 Dy Dy, Dy 2 Db A7 UehtA ek
7w Al EC] 40%9) Ds, Dy, De 2 Dot ol o5 A e
S THP<0.06). 34 oA 48} & (aparent protein digestibility, ADPr)
< BE Aol Foart vhehvbA] ekskr) vkdel] 2t Q) 4d
& (apparent phosphorus digestibility, ADPh)& o F8F a3t @
Alglel phytase7lt F7bd % A9 vwald S o phytaseZb 7}
A S Dy Dy R Dol A Rl Ao shAl vhEREvHP<0.06).



Table 2. Weight gain (WG), specific growth rate (SGR), feed
efficiency (FE), protein efficiency ratio (PER),
hepatosomatic  index (HSI), condition factor (CF)and
survival rate  of juvenile olive flounder fed nine
experimental diets for 8 weeks'

o - Die?ﬁ; - - Pooled
- 3
Dy D D Dy Ds 1 Dy Dy Dy SEM

WG (%) 270 2720 276 2707 270" 240" 242" 241" 240" 3.35

SGR (%) 238 235 236" 234° 234° 219° 220° 219" 2.19® 0.02

FE (%)% 107° 105 104 100" 100™ 937 97.1™ 95.0° 950° 1.34

PER (267 2.13" 2.11* 208" 201" 2.01™ 187 1.94™ 1.90° 1.90° 0.02

HSIL (9%6)F 276" 220 211" 2507 219" 228" 238" 200° 237 0.09

CF’ 104" 117" 1.09"  1.11* 1.09° 1.09° 100" 1.02° 104 0.02

pcv" 1927 215" 226% 238" 222° 227" 223 2217 2280 002

Hp'! 468" 427" 452" 433" 433 439" 408" 425" 419° 006

Survival a & il Sl Svas] ~il A a a
100° 100° 98.7° 96" 96" 946" 100" 97.3% 987 0.78

rate (%)

Means of triplicate groups, values in the same

row with different

superscripts are significantly different (P<0.05).
* Refer to the table 1.

3

Pooled standard error of mean : SD / +/n.

* Weight gain © [(final wt. — initial wt.) / initial wt.] x 100.

" Specific growth rate
" Feed efficiency :

" Protein efficiency ratio :

fa - . .
Hepatosomatic index :

" Condition factor :
¥ Hematocrit (%).
" Hemoglobin (g/100m?).

_]OA

[(log. final wt. - log. initial wt.) / days] x 100.
(wet wt. gain / dry feed intake) x 100.

wet wt gain / protein intake.

(liver wt. / body wt.) x 100.

[wet wt. (g) / body lenth (cm)’] x 100.



Table 3. Wholc body proximate composition (%) of juvenile olive

flounder (Paralichthys olivaceus) fed experimental diets for

D
D
Dy

Dx
Dy
Pooled SEM”

8 weeks (% of DM basis)!

Moisture  Crude protein_Crude i Ash
76.4 17.0° 27" 5.5°
73.7 18.1° 46" 6.4"
744 17.6™ 4.3 6.8"
745 175" 45" 5.7°
74.0 18.17 44" 6.0°
746 17.7% 40" 6.7
74.3 17.8" 4.2 62"
746 179" 3.8 55
752 17.2% 3.9 5.9°
0.19

0.1 0.13 0.16

! Means of triplicate groups, values In the same row with different

superscripts are significantly different (P<0.05).
? Refer to the table 1.
* Pooled standard error of mean : SD / +/n.



Table 4. Apparent digestibility of drv matter (AD), apparent protein
digestibility (ADPr) and apparent phosphorus digestibility

(ADPh) in juvenile olive flounder (Paralichthys olivaceus)

dicts!
Diets’ ADC@  ADPr%)  ADPh(%)
D, 83.8 83.1° 52.8°
9% 81.5° 84.9° 18.2¢
Dy 80.9* 85.8” 93.2°
Dy 81.9° 81.9° 91.0°
Ds 79.1° 84.2° 90.7%
D 738" 80.4" 136
D; 740" 82.9° 91.2*
Dy 71.8 8.4° 90.7°
Dy 73.0° 79.2° 89.3"
Pooled SEM” 1.07 1.06 76

! Means of triplicate groups, values in the same row with different
superscripts are significantly different (P<0.05).
’ Refer to the table 1.

3 Pooled standard error of mean @ SD / V.

_]2._
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25 r

D1 D2 D3 D4 D5 D6 D7 D8 D9

Diets

Average welght gain (WG, %) from juvenile olive flounder fed
9 diets for the first 8 weeks. Values are means from triplicate
groups where the bar have different superscript are
significantly different (P<(.05).

D1 D2 D3 D4 D5 D& D7 D3 D9
Diets

Fig. 2. Average specific growth rate (SGR, %) from juvenile olive

flounder fed 9 diets for the first 8 weeks. Values are means
from triplicate groups where the Dbar have different
superscript are significantly different (P<0.05).
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100

FE (%)

90

a0

Diets

Fig. 3. Average feed efficiency (FE, %) from juvenile olive flounder
fed 9 diets for the first 8 weeks. Values are means from

triplicate groups where the bar have different superscript are

significantly different (P<0.05).

22 r

PER (%)

Diets

Fig. 4. Average protein efficiency ratio (PER, %) from juvenile olive
flounder fed 9 diets for the first 8 weeks. Values are means
from triplicate groups where the bar have different superscript

are significantly different (P<0.05).

,14V



D1 D2 D3 D4 D5 D6 D7 D3 D9

Diets

Fig. 5. Average hepatosomatic index (HSI, 26) from juvenile olive

15

CF

flounder fed 9 diets for the first 8 weeks. Values are means
from triplicate groups where the bar have different
superscript are significantly different (P<0.05).

Diets

). Average condition factor (CF) from juvenile olive flounder fed

9 diets for the first 8 weeks. Values are means from triplicate
groups where the bar have different superscript are
significantly different (P<0.05).
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120

Suvival rate (%)

D1 D2 D3 D4 05 Dé D7 D8 D9

Diets

Fig. 7. Average suvival rate (%) from juvenile olive flounder fed 9
diets for the first 8 weeks. Values are means from triplicate
groups where the bar have different superscript are
significantly different (P<0.05).

90

AD (%)

D1 D2 D3 D4 Ds D6 D7 D8 P9

Diets

Fig. 8 Apparent digestibility of dry matter(AD, %) from juvenile olive
flounder fed 9 diets for the last 2 weeks. Values are means
from triplicate groups where the bar have different superscript
are significantly different (P<0.05).
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ADPr (%)

Fig. 9.

100

Fig.

D1 D2 D3 D4 DS 23] D7 D8 D3

Diets

Apparent digestibility of protein(ADPr, %) from juvenile olive

flounder fed 9 diets for the last 2 weeks. Values are means

from triplicate groups where t(he bar have different

superscript are significantly different (P<0.05).

[ a ab ab ab ab b

D5 D& D7 D8 D9

D1 D2 D3 D4
Diets

10. Apparent digestibility of phosphorus(ADPh, %) from juvenile
olive flounder fed 9 diets for the last 2 weeks. Values are
means from triplicate groups where the bar have different

superscript are significantly different (P<0.05).



A2, 34ed F sy AAFY dAgew 18 ojFguke] b
TS TE Ao Ystom MAEe o) Foka v %A AR A
el HHE ¥ oh(Brown, 1983; Rumsey, 1993). 53] A}@ 7)uko]

ol AbRe Foumd TTUY o WAT 4 A e
il £ 098 Folv) AW ArdRetn BN Hod YolAR

Ags A B Ay =8E v golx drHDoughty and Mcphall,

oAl AR R ik RS uiAE gmAdozs "o}
(Wee and Shu, 1989), ¥oj(Murai et al, 1986), ®7](Wilson and Poe,
1985), Zo{(Dabrowski and Kozak, 1979), #o|(Lee et al, 1991;
Shimeno, Mima et al., 1993b), %91} (McGoogan and Gatlin, 1997), €]
2 (Day and Gonzalez, 2000), 2 #(Kikuchi, 1999) %' thA] <t o] (Carter
and Hauler, 2000) 5 ol2] o] FlA] AFHUo, ofg2] oFutel 3
e F7Ih ] HEH Qo) o4 E Holr] U4F ATER
4 (Schafer et al., 1995), 4 9](Rodenhutscord and Pfeffer, 1995) =% <l
o](Cain and Garling, 1995)% & dtj4te & 5ot

= AAA 87 YA xole] AAAd 4w, FASH ARAFE
AMrgs 2 duAAFgE L 9ol Algul phytaseE @A 8o
000UE 58 AdoA 7B 2 Zﬂiﬂrﬂ vER T Abs o phytase
o #7F A3 9A, FAMES, £%9 Fol(Toshiro Masumoto et
al., 2001; Z. J. Cheng & R. W. Hardy, 2002; Jouni Velma et al., 1998;
Papatryphon & Soares Jr, 2001)%5 <8 o] FeA &dnt gloy, =
Aet dAss AAE R R gwde] e gy fEe
30%2 vrEpgke, o) gk A= Lim(2003)9] ¢ Aot oA stg ek
Rbdo] ol owld g fFramadz 30% HAE Dy Dy, Dy 2 Dy Abo]
o 24l zpo] 7} viEfLEA] ¢Foky] Wil phytase?] Aot vhaH
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WA dele] el 9ge A4 e Aow 4R
ofFol T, AY A B W AR dAFeRE Austs Fve

wAlol ARRE L Slen, o] F, ofAle] A7), Alsul Hep
Ao A, MHs #3424 DL oH e AH Fol uel dAgE
o] o] A%k Aoy ¥y QTHChun el al, 1989; Chun and Oh,
1989; Kim and Choi, 1996; Jung and Sim, 1992; Sim et al, 1995, 1998;
Lee et al, 1993). & H3olr FMgio FMd o] snlEAYEZA]
(PVCY2] 4§ 192~238%¢] H9E Ho Sim et al.(1998)e] Hirgk 2
2 yale] 22%9] ;I FANE FEF Bt dRE 2N FRE(HD)
A RE AReA FoAHQd AelE Mol gttt PVCHY Hbek 2
S EgdY HEts o Feo AANHE s s Mol g W
o I dstEo] Ay g siolut A Folf mpebMle ofF R13)
g4 HalE i Barham et al.(1980)2 ¥ 3133z 9lof o]gjsh Ay
o EM oz oA ARAHE BAT e MFd] AES oot S
Aofol lofM o

oft. olsh e M W HolgEe EAds YA
B e o 40%7b NASE o Aol Jgs vAA 4

~ =3

A F BA Ay (Table 3) @92} =2 3hske] A4S
7o DA FoHo s WA Geon dugae 249t
Folda Aolzk e srste oldlel e ANAE TAe BFE
A, Fo ohE ABAel, AR AT U AHwMEEe oo st
QAo wet AEg wko v (Zeither et al, 1984; Nandeesha, 1995), 4%
Stol wetM s ZAPYY ko] bk dm A 23 g W
3= Avla(Murai et al, 1985) Haigh upe} ro]l AMgojo] zuhulz
2] o] & FEE&ol AddAA wet ) vhEr] g v g

107} o) stoj Mot B Ao A7tHT).

4 2
i_:,‘
o
e
ol

FAArdel W A FogoriElsl WMEF FUHE oo
Aol wodopst AstEm gl WEe), FHeY AAE A A
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27 fran-ol ezl v Cowey & Cho. 1991). W, ko
AbEW ]IS ool delM s ARl BEE S shugl EAlel
Azl A RS 2927y AJE Ao Watson et al, 1992). %
o el A wE = i ErdlE 7HEA ) % IR Sl Fharslel e
H, G AAdM B ow IR A2 offrol o3 A= ¢l
HE260% oS FAs L oy, 7hEAd 9l 4o e =
& F3) i ¥vkLall, 199D. olw = 59 = ok E F8)
T8 g dov FEd ¥ 8] 7] wited e 8 FF
& AbR7E 2 o vho) ik Abmu el o} &H = ¢ FEHES oA 7}
A7F slott ol fiol whet el Eigo) thEy] wfiel 21¢] o] 84|
bk dwks o Folg Alwd wd Fgdes AFRE T ofEE
o F7E des sl 9o #Hug W w& A& Frda dvkLall,
1991). 2 dggelr= el o848 TUAZIY] $1ste] A& phytlase
Faate] A¥st AW phytaseds T34 &2 A9} vl 59
S o, phytaseZ F33F D, Dy, D5, Dy, Dy @ DyollA] FojAog =
A4S JERIY 28l Abgd 200008 phytased 3 AT E
7} 1000U¢ phytased T AFTE {Hol vt AAES 3 Ad48HE
W AEAZEAA oAl atelE veRR] s Ao R Hol A
2000U 2] phytase?] 92 Hox &5 Aoz Q7w
upebr, 2 Ao} ARE Euf phytase? FHejots A
1000U phytase®] &2 YA Aeojo] 444 Alnaegs
oy, el 249 oA A SHHYD ZHE FoEM JF
BE TH ABHTMARA o] fo] Jted AR wddn.

EI
‘;-F.l
E{
o

f.:otz

=2
o
>
H
=

(4 & °f
A 12l 2 SN gAdl 2delA o] (white fish meal,

FM)E il deloggh 7] zAbsed d)'fut (soybean meal, SM) WAl 4&5&
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37FA] S 10000, 70:20, 601400 5 8o 37FAE Al AEel oo, ol ek of A
70:302F 60:40 2714 el 17FA 2] gl 5ol phytase= 1000U
Gk 81 gk Ak 27021 9] phytase W d7F 8 1000, 200008 Egste] 6
7ol AmE AiAtete] F 971A €] "‘6’441% FHsld AESE 2542
A 3k o 2 A9 wixsle) 857 AMSelsitt A9 F8 & FAHE
(weight gain, WQ), 93 E(specific growth rate, SGR), Al5 a8 &
(feed efficiency, FE), vhi 2 A3t g &(protein efficiency ratio, PER)¢] 21¢]
A Dyt vl gl S, phytase®l H7bel #@Aglo] iRt kol 30%1) D,
Dy, Dy, 3 Debi= 927 10, oiFudt ghake] 40%¢21 Ds, Dy, Ds, R Da
= R A ez YA veRhdtHP<0.05). whdo SR FEHE 8k hemoglobin,
Hb)& & Ag-tel vl DiellM el A os vl Ve eHP<0.05). 7H:
4] = (hepatosomatic index, HSI), H]%%(condition factor, CF), dl|ulE 12
Y (hematocrit, PCV) 3 AB&E&(suvival rate)el] geojr= S Ad oA
frel 2]l ApolE Rz erdrt HojAl|e] LW Al ko) lojA 7S]
Doot Hluwdsd, DyE AL BE HEPFor FoHem kokon
(P<0.05), dejAle] oAl Shel]l floiM = DA Fejdez 7hd uHA
LFERITHP<0.05). dofale] 33 e we A3atelM welArh viet
QNOWﬁ}ﬂ””*”mﬁﬁ%mmmmdwrmmxdgﬂﬁm%ADﬂ
RofAl Dok vl So o7 A FEe] 30%81 Dy, Dy, Dy 2 Ds
o &7l vreRER] eEgk A R, ol b Al el 40%21 De, D, Dy R Dy
= F9zte @A el olP<005). 2] AA dwE 438 (aparent
protein digestibility, ADPr)& R& Ag-polA Fola7F depbA] &k
E}. b o o] AAF ¢ A 3}&(apparent phosphorus digestibility, ADPh)
< W iAot BAISlol phytaseZt H7FEAl @2 Dy, Dy #
Dﬁ"ﬂ*ﬂ ooz v e CHP<00). whebA, B A 19 Aak AL
5 Dhytase TEE Yz Ao AA Qlihgss dAAZen,
HARlel AMEW A" HrbeEES 10000 ert A

o}

_(\
0{%

.{

rLr

R

phytase® ] 3 Bl <}
s

e Aow

i
rﬂ
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Ad 2 1 Aoy 2HEY JojA dFutE 7IxET
A phytase JA7F7F AZEF A3 &0 A= 9P

(1) Ay

(D) Aol B A3 are)

Aol e AR A vkl A Rl da Al oF Tg
of ziEetxolE RFAgsty Y FAstAdf e fitete] 3EF X
of +&% g xu g *]01% FEALRE E A 2970 <A
a AAek Tk A ARS g 7.25:004g8] 23 EFH A& 30
¢ PVC Abzhaezeel 20mte]y 97b4] Hg-r2 vhiee] 2 Agatd 3w
Hom ke wlAste] AbSslATE AMR4i SR o o) (o of 9t

Dol o)l o]l o =3 Abgelloen, 2 T FTASE f
T 14/ mnei FAFEY). AV 7EEcle) 422 19+4]Y
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o8 AAdFd &gt on, A2 32+1%, DOE 65£0.5ppme) ¥
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@ A=

Aol AgR dHAme £AES AU LS Table Lo GERALCH
FEAs= ol F (white fish meal, FM)E oAl o w3t Y| 3A S F
4} (soybean meal, SM) WA 43S 3714 5 100:0, 70:30, 60:402.2 dhcd
IHAE ARG en], dFet g2l FF F 70:309 6040 271 gl =
17p21e] ) Futell phytaseZ 1000U At Az 2712]9) phytase e
H7b 31000, 200008 E3Hste) 6712 9] Ata s Azste] F 97 9] 4
AALEZE AR EQATHD, @ 1009% FM; Do @ 70% FM + 309% SM; Dy 70%
FM + 30% SM + Pre 1000U; Dy @ 70% FM + 30% SM + 1000U; D

E
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0% FM + 30% SM + 2000U; Ds @ 60% FM + 40% SM; D7 @ 60% FM +
402 SM + Pre 100005 Dk @ 60% FM + 40% SM + 1000U; Dy @ 60% FM
+40% SM o+ 20000), AAlme] ZubwWE ghake 500%, 7HEeluA]e
lﬁ.ﬂ{]//g(ﬂ‘ﬂ A, 167 AH, 377k]/g ¥hshE, 167k)/g)e skt
(NRC, 1993). HglAbiie] vhl Al oz 5oko] i (white fish meal),
HH(soybean meal), ¥ F €l (corn gluten meal)$ *}%OPM”U‘%, g
stEPos W7 E(wheat flour), dextring, A dAgIo = 23AT
(squid liver oiD& AF&-atoleh 1elx zh 43 A o) oA
of g otz Fakul 7hgou A e Aol EFF R (corn
meal)3t W 2Ed(dextrin)S F7betel dAHo s s on, vEHS
methionine)? 2tolil(lysine)e] 4k 4
gk AR phytase®l  ZarFl EgE fsle] HdERZe A
(cellulose), %:L%"T-E}‘?l(glutamin), phytaseS A4 &o] W5 EFste] A}
Sty AgAbso] H7FSE Phytaseis (F)o]lA|vjejoefr] FaHE
Natuphos 5000™& Abgsbglom, dxlglA] HCLS AMg3ted pH 552
A5 5 250mée] phytase 1000U% E55to], W52 lkgol] <
shAl HAgE 3 55T A 2A] 7Hs-¢F st | el (Sugiura el al, 2001).
Phytase 1U< pH5.5, 37C, sodium phytate(5.1mmol/ £ )oll A 157k 7]
21 lumole2 %3133} AN e 40 GE vhebdnh AEAbRS &
BE AFAIEY Cr0sS 05%% H7rskdch
WE AeAas JdEE EHe F AdazrE E-4¥side, 3

ARA5T, 4A0AM 7 B d&slo] -20Te W

B AAZH W AR RN
a o AlS AFEAY D AU 2

A F 5 5 FTA & (weight gain, WG), 27 A& (specific growth
/5

rate, SGR), AlE & 8(feed efficiency, FE), w2 4d3% 8 (protein
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{(condition factor, CF), 4

W& AR o AEA e 2

g7l fleke] 24417 dA Al MS-222(100ppm) & v Al A A A

o adsielnh ARARst 74 FaUw sehdd RAew Fdae] #
5

A HefAle] ARk EEA S AOAC199%) ol whep 4

efficiency ratio, PER), 7F& %X (hepatosomatic index, HSI), W]RH=
ABEE(survival rate) 12|32 FofAe] ArkAd
o =
i ™

- T S 2Li O x -
Aoy dAgon, e 54

sl 2uwd e Kieldahl A4 HHINXG2S), 2872 24335
Moz At AL AES 1243 $AURT F Soxtec
system 1046(Tacator AB, Sweden)& A}-&35t] soxhlet F&Hoz 5
Astdvt. b FAFHSDE A8 24 AR 3utejy e te] Y AE
= A s o}

b. o A& &

HPER T, TAE 2AS A dAAR 2L dste] AFols

i

A
i

a

ol

ARl AR o Al FF AN AgelE 4 129 vl
A AR FEele] dag FAE olgala Aeoje) v R el A
HAZL HHF &, micro-hematocrit ' (Brown, 1980 ¢z slu}&E
A2 E(hematocrit, PCV)E FA3ta, A1l Drabkin's 948 4183}
o} cyan-methemoglbin W {(Sigma Chemical, St. Louis MO; total
hemoglobin procedure No. 525)2. %2 X< 29 (hermoglobin, Hb)S =

EET

c. ¥4 W 2Fe A4

A T8 27d B4R E Ssld 2¥ols AA AR ErF FE
of wixeto] & FHGH o], FHE 2 dEote] 20T WE B
Tratoy FAol] AREstTh

A% AE 238 (apparent digestibility of dry matter, AD), &A%
cHl A 423} (apparent digestibility of protein, ADPr) % 9744 ¢ 4
3} & (apparent digestibility of phosphorus, ADPh)-& t} g3 Zej Alxts)
At
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AD = 1000100 = 0 o Ty )

. _’E}_é‘%__s:»‘__ Crols % LB S %
ADPr = 100 = 100 x (=3 2o b e e e )
AP F CrOs % % % wwEog
ADPh = 100 - 100 x % OOy Y A ?‘Jé% )

@ SAA
vE AR FAAE s Computer Program Statistix 3.1(Analytical

ot B

Software, St. Paul MN. USA)Z EAFEA4 (ANOVA test) S A A3t
A ALSD © Least Significant Difference) 0.5 1t 7ke] Fo A

(P<0.05)& AR
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Table 5. Composition and proximate analysis
diets (%6 of dry matter basis)

of nine experimental

Diets'

Ingredients -

D D Iy I DA Dy D Dx Dy
White fish meal” 60 42 42 42 42 360 360 360 360
Corn gluten meal” 60 57 57 57 57 57 57 57 b7
Soybean meal’ 0 258 258 258 258 344 344 344 344
Wheat meal’ 60 60 60 60 60 60 60 60 60
Dextrin’ 115 37 37 37 37 114 114 114 1.14
Methionine 0 006 006 006 006 008 008 008 008
I.-Lysine - 11CI" 0 01 01 01 01 013 013 013 013
Squid oil® 80 80 80 80 80 80 80 80 80
Vitamin premix’ 10 10 10 10 10 10 10 10 10
Mineral premix'’ 30 30 30 30 30 30 30 30 30
Cra) 05 05 05 05 05 05 05 05 05
Attractant 10 10 10 10 10 10 10 10 10
Cellulose 08 08 08 08 08 08 08 08 08
Glutamin 02 02 01 o1 0 02 01 01 O
Phytase'' 0 0 0l 01 02 0 01 01 02
Proximate analysis
Moisture
Crude protein 471 468 468 466 468 465 461 461 469
Crude lipid 128 127 129 128 126 125 124 125 126
Crude ash 138 124 125 119 123 117 117 122 118

"Dy 100% fish meal (FM) ; Db,

D: 60% FM + 40% SM + pretreated phytase 1000umt .

70% FM + 30% soybean meal (SM) ; Dy
70% FM + 30% SM + pretreated phytase 1000unit ; Dy, 70% FM + 30%
soybean meal (SM) + untreated phytase 1000unit; Ds 70% FM + 30% SM
+ untreated phytase 2000unit ; Dy, 60% FM + 40% soybean meal (SM) ;

Ik 60% FM +

40% soybean meal (SM) + untreated phytase 1000unit; 1, 60% FM + 4(%
SM + untreated phytase 2000unit
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g

1

' Suhyup Co, Busan, Korea

American Soybean Assoclation/ Korea

” Young Nam Flourmills Co., Pusan, Korea

&

United States Blochemical, Cleveland, Ohio 44122

" 05% L-lysine « [IC] (©.4% lysine)

¥or= . <
E-wha ail Co., Ltd., Pusan. Korea

9

il

" Contains {(as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium pantothenate,
150 . Choline bitatrate, 3000; Inositol, 150; menadione, 6; Niacin, 150;
Pyridoxine - HCl, 1h; Riboflavin, 30; Thiamine  mononitarate, 15;
dl-a-Tocopherol acetate, 201; Retinyl Rioboflavin acetate, 6; Biotin, 1.5;

Folic acid, 5.4; By, 0.06
10

Contains {as mg/kg in diets) @ NaCl, 4374, MgS04 - 7TH20, 1379.8;
Nal2P4 - 2H20, 8778, Ca(ll2PO4)2 - 2H20, 13667, KH2PO4, 2414,
nS04 - TH20, 226.4; Fe-Citrate, 299 Ca-lactate, 3004; MnS04, 0.016;
FFeSO4, 0.0378; CuS04, (.00033; Calcium iodate, 0.0006; MgQ, (L00O135;
MaSe(3, 0.00025

Natuphos 5000'", BASF, NJ, USA
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(2) 4 %

Bzte] A & HFALE D dFeh 2o EE Aol AT
3= Table 6o vFepRel S 8-(weight gain, WG A 3HE 45 (specific
growth rate, SGR)ell flofA o} Ag-fFob v]usts] &u
ol M 7h £& AE HAOLHP<.05), AeviiEE dgFudmdE 30%
fASE A e)g phytase 1000US 5138 Deobs 9 4¢l zfo] &
2 @kl AbsE 8 (feed  efficiency, FE)¥ =31 g & (protein
efficiency ratio, PER)oll elA+= %) Dzt vindl-&u, phytase® 3
7heb hAlglo] oiEb SheFo]l 30%%1 Dy, Dy, Dy ¥ Ds2be Fo a7t sisd
af, ot kel 40%91 Dy, Dy, D % Do freld ez Wi vebudy
(P<Q.05). 7H& %A lhepatosomatic index, HSID), Bl9F=(condition factor,
3| vhie Z12] E(hematocrit, PCV), sl =20 &Sk hemoglobin, Hb) %
AEE(suvival rate)ol] SlojA EE g A FelHel Alo]E HolH

Rty

2
BN
.y
-0
o

Table 7 ol AnbAdel wgbAl o 20k ghake] oA i+l
Dot wlaaglen BE Aol FejF o v vehg o n(P<O.05),
chalz BB w5 AdTelM Folxkrt vhebubA] ekt

Table 8% 9174 A4shged #37lem o4dY A=A g&(apparent
digestibility of dry matter, AD)3} 224 w¥la 43} 8-(aparent
protein digestihility, ADPr)ol] ¢lojA 2 mi= Ao dls] Dol A
Fe Ao FE vrA e o (P<0.05), Wrdel] A4 2 43H&(apparent
phosphorus  digestibility, ADPh)& w42 HAlFFAE A §lo
phytase’t H7F5A] &2 Dy, D 2 Dol F43F L
(P<0.05).
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Table 6.

WG (95)]

SGR (%)’
FE (%)

PER (%)’
HSI (%)°
CF*
pcv"”

Hb"
Survival
rate (%)

Effects of the experimental diets for the first 8 wecks in

juvenile Korean rocklish(Sebastes schlegeli)l

Diets” Pooled

- T i
Dy D Ix D4 D5 Dk |85 Dy T SEM

2154 156“ 7202‘;" 192° 188> 142° 151° “-.1416 136°  6.02
207" 193" 198" 191" 189" 158 164° 157 1545 004
774 7210 737 T20° 7150 558" 563" 543° 5697 191
159" 148" 152° 148" 147" 115" 116" 1.12° 1.17° 0.04
336" 292" 3217 315% 2110 288 208 286" 297 009
182" 180" LT 1T 1A 1690 1750 178 1720 0.02
46" 43.3° 43 4270 4420 420 412 42 417 052
700 637" 698 614" 652" 680" 632 688 6.19* 0.1

100" 967" 983 967" 95" 100 983" 967 867" 1.03

! Means of triplicate groups, values in the same row with different

superscripts are significantly different (P’<0.05).

* Refer to

the table 1.

% Pooled standard error of mean @ SD / V.

* Weight
> Specific

gain © [(final wt. - initial wt.) / tnitial wt.] x 100.
growth rate : [(log. final wt. - log. initial wt.) / days] x 100.

® Feed efficiency : {wet wt. gain / dry feed intake) x 100.

" Protein efficiency ratio © wet wt gain / protein intake.

* Hepatosomatic index : (liver wt. / body wt.) x 100.

? Condition factor : [wet wt. (g) / body lenth (cm)'] = 100.
" Hematocrit ().

" Hemoglobin {(g/100mt).
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Table 7. Whole body proximate composition (%) of juvenile Korean

rockfish(Sebastes  schiegell) fed experimental diets for 8

weeks'

Diets” Moisture  Crude protein Crude lipid. - Ash
D 66.9" 173 Y 6.8"
D; 637 17.4* 87" 7.0°
D; 68.6" 17.4° 89" 6.2°
Dy 68.9° 17.1° 86° 5.4
D; 69.3" 17.0° 8.4 7.0°
Ds 69.7" 17.1° 8.1° 66"
D7 69.7° 17.0° 79° 70°
Dy 70.5° 17.0° 7.8" 59°
Dy 69.5" 16.8° 8.0° 6.4°
Pooled SEM” 0.26 0.07 0.2

0.24

' Means of triplicate groups, values in the same row with different
superscripts are significantly different (P<0.05).
* Refer to the table 1.

* Pooled standard error of mean : SD /.
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Table 8. Apparent digestibility of dry matter (AD), apparent digestibility
of protein (ADPr) and apparent digestibility of phosphorus
(ADPh) in juvenile Korcan rockfish(Sebastes schiegeli)

diets'

Diets® AD(%) ADPr(%) ADPh(%)
D 69 09 G4
D, 61.4% 87.1" 576"
Ds 64.5™ 915" 92.0°
D, 62.1° 90.0° 86.3°
Ds 62.8% 90.2° 87.0°
Ds 571" 86.7" 61.8°
D, 575" 86.9" 2.8
D 56.8" 86.3" 895"
Dq 55.2” 82.8" 84.0°
Pooled SEM’ 0.93 051 0.2

' Means of triplicate groups, values in the same row with different
superscripts are significantly different (P<0.05).

“ Refer to the table 1.

® Pooled standard error of mean : SD / +/n.
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250

200

WG(%)

150 F

100

Fig. 11.

25

Fig. 12.

D1 D2 D3 D4 DS§ D6 D7 D8 o] ]

Diets

Average welight gain (WG, %) from juvenile Korean rockfish
fed 9 diets for the first 8 weeks. Values are means from
triplicate groups where the bar have different superscript are
significantly different (P<0.05).

D1 D2 D3 D4 D5 Dé D7 D8 D9

Diets

Average specific growth rate (SGR, %) from juvenile Korean
rockfish fed 9 dicts for the first 8 weeks. Values are means
from triplicate groups where the bar have different
superseript are significantly different (P<0.05).
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FE (%}

Fig.

PER (%)

Fig.

13.

14,

Diets

Average feed efficiency (FE, %) from juvenile Korean rockfish
fed 9 diets for the first ¥ wecks. Values are means from
triplicate groups wherce the bar have different superscript are

significantly different (P<0.05).

D7 D8 D9

D1 D2 D3 D4 D5 De
Diets

Average protein efficiency ratioc (PER, %) from juvenile
Korean rockfish fed 9 diets for the first 8 weeks. Values
are means from triplicatc groups where the bar have
different superscript are significantly different (P<0.05).
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HSI (%)
»n

D1 02 D3 D4 D5 D6 D7 D8 D9

Diets

Fig. 15, Average hepatosomatic index (HSI, 96) from juvenile Korean
rockfish fed 9 diets for the first 8 wecks. Values are means
from triplicate groups where the bar have different
superscript are significantly different (P<0.03).

Diets

Fig. 16, Average condition factor (CF) from juvenile Korean rockfish fed
9 diets for the first 8 weeks. Values are means from triplicate
groups where the bar have different superscript are
significantly different (P<0.05).
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120

Suvivai rate (%}

D1 D2 D3 D4 D5 D6 D7 D3 e

Diets

Fig. 17. Average suvival rate (%) from juvenile Korean rockfish fed

70

AD (%)

Fig. 18

9 diets for the first 8 weeks. Values are means from
triplicate groups where the bar have different superscript are
significantly different (P<0.05).
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Apparent digestibility of dry matter (AD, %) from juvenile
Korean rockfish fed 9 diets for the last 2 weeks. Values are
means from triplicate groups where the bar have different
superscript are significantly different (P<0.05).
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19. Apparent digestibility of protein (ADPr, %) from juvenile
Korean rockfish fed 9 diets for the last 2 weeks. Values
are means from triplicate groups where the bar have
different superscript are significantly different (P<0.05).
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. 20. Apparent digestibility of phosphorus (ADPh, %) from juvenile

Korean rockfish fed 9 diets for the last 2 weeks. Values are
means from triplicate groups where the bar have different
superscript are significantly different (P<0.05).
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