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1. doAAsdH dFLY ofFdA &3

E AFE R gAARFezN dFELY HAHN} £FL
ARy At FYPHAed, dFY F3& 2 4FAgd o
A & phytased H 77 dojo] A A wjAdFdo mAE FFA
g 1Dg ZAS F, AdFNE V22 AW dAXNTEH YE
phytase® A 717F oo AFF QA wjAdIF vAE FFAHE 2)
& zZAE A,

A4d 1A e 922+19g9 o2 d Ao (Cyprinus carpio) &
AAgsdRoed, AgARE s F H249 G4 Besq &
S 7hstA @32 % 40mmA7VY 2FAHREGoz Y F %
A AAFx NG, AFAEY FAHALE ZHNAE 30%, AT
30%, &2 ME 3528%2 FAHE VNxARN WFEHeoez oEL 25%
o A & A}i(ézs), 50% Wl A & A& (Sso), 75% WA T ALE(Sys) L
100% o A & ALE (Sie0)ol AbEW FAQ FFE 1.23~1.25%2 ¢F
71 A dFE dAFEo SN e A Fa2ESE ANTSE
(MCP)E #73 o FdaA FAFA2H, 7NxAEFY dPAE
o phytaseE ztZ 500FTUH 718 Ad. £, ¥ F£Fo A
ol ot AatE wiNed 2 FolAg BFEI & F 01%4
FMANRAT Fa2HE YA E 2E87 98 K2 24 05%4 A
ARG, F 53 298 o2 (257 /98) Y v A,

4 2= 7151229g9 Yo 2509t & A gsAqen, 4y
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A e 24F 1o @ b U@ e 4P, 4EAE
o #4& 712489 phytase® S500FTUAR 7L R(BP)F 71248
o] Monocalcium phosphate(MCP) 1% & 7t BM 7, MCP 2%
H7t#% BM:7* % MCP 1% phytase 500FTUE &£ A7 &
BM\PT 2, 5% %9 Alge] 2% E(25utel/t8)o g &9 X st
2.

A/ A #E& 4% 2L ANH5agg FFs7 H&A
% Al & (weight gain), A& A4 #H F(feed intake), A8 8 T & (feed
conversion ratio)® oMW FFH Feo v A2 L A9 FF )
AFE Frter] Ao AAAY FEY ALY E AT ¥
AAG d%2dAd AW 38 992 F& Fsd 2388 32
2 Ao FdA £ 3K & (nitrogen retention efficiency; NRE) %
¢l % A & & (phosphorus retention efficiency; PRE)E ZA}3 ¢},

A4 R U9 oJ{ErE&EL FTAF DA FA A,

2. TS24 Y8R AR QA ED:

B A4¥e ABYW JPozREH fdsd: vy 25% o
50%% olwxzuwMaAd Yoz A YANT AEE RFARE
AMzgd F Fdstd Yoo HF3 Q¥ s P BE 24 vy
2 Fd9 APdA AFE ZARI(AY 1D, ABAES AAAE
o SHEE HMEFTAEYE 2) £9H A,

Ag 1A E 203x19g9 o2 d Ao 70073 & A &3 A
o], AYALEE ZHE 25%F FH@ N2AE, JFFEaA
(FPC)EM ooz 39+ vdaL 25% 2 50% o A& FPCy
2 FPCso AlE 283 @ B(BM)2=2 XN 25% % 50% WA BMos
2 BMso AHE 5%tk 8 F} 55599z ¢ Y2 5y
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EAF gl g2 dANADG. EZE 2EAEE Wenger
Extruder X-185% ¢ &3 9 R AAREZ Ax}Aey, 542 2% H
oz (700 /W) A WA} A,

A4E 204l 6521079g9 ol2gd o 480w & A& 3
qov, APAgE ABAE 3% F(EPAE)IS Wenger Extruder
X-185% ol& 3o Azxd 3F79d dPAR F 6F olUAT. 64 2
b E o 2 (400t g/t E) A g w3t A,

3. 48 A EY A o&Ad HIH:

2 AYe TUAM o8BS E S ARG 0 A £3%e
Fhetsl A% RezA, 15089 S48 ALYNE o gad A
1 29 mE Q 2389 WolE FHIA SAAAG. Y 1ol
A 3 AR PE A @ A gL vMEHAL
M, 48 2004 2RUAE 4@ A 84S FAsA,

4% 19 32 150g8l oz Yol 3000teE A& FED

o

rie
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1509t2] ¥ Hegd 288 o2 F 107/ AFAS(EEAE R 9F 9
ANEAR)IE 20008 € 8AFA Az FAGAG. 2AFL 109
T HEIBF AAnAE FAFAE ol &Y Hx 1FFLS A
A E E(settled feces)T S AFFAey, F£Ho02 dFIT2 A

AE 23 BAE E(floated feces)2 74 M A Q. o] of {5

T A MAdHE F2Fd £E JFAd. A HrdE AL
T2 ZAdSA 2EF A AdzAA EHNE 9 AR YERIEGAG.

49 29 Z% 4% 1 FAHAQ o F 3000 & ol &3
A1 AET A% FUF UYARE ot AAHRo,
EAUW gel 9@ 14 2AYe 7429 FANRELE £ F 19

4o Y oo 39FX AYAREE F9F g AF Fo9 1A



% o} 4 A (tricaine methane sulfonate; MS-222%) 3 mg/l §do 2
AMA vtAANZYD F A FE e YPoz S B g HF
AR Pozvy gEYFoe YA 234 sYsgen, 323
o] 22 A7 At 23 EAYEL 2Ed2E HBEI] 98
29 ARFdF 5AE B0z AT,

e

ALY BE dBAEY 23 R JBVY L3882 v
w37l Add o= TAESE APAESY 2358
Maynard®t Loosli(1969)2 F 3 d & F& oS, 4 d5AgY
23 && Cho5(1982)d & F42c=z2 g7 2o F3AY.

Apparent digestibility coefficients(ADCs) =
100-[{nutrient in feces(%)X Crz03 in diet(%)}+{nutrient in
diet(%) X Cr203 in feces(%)} X 100]
ADCs of the test ingredient =
(ADCs of test diet - 0.7X ADCs of reference diet)/0.3
ADCs of the MCP =
(ADCs of test diet - 0.97X ADCs of reference diet)/0.03
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AEE Held 3 2570 vig/HE)oz dAge wiAsHeH,
AMF AF L s FHE E2A4F MY FEA Y 24
Az AAF . NN2AEE 2ol E 30%, o F 9 30%, &
¥ 25%, olF 2%, ¥R 3%, et vdd 1.1% 2 4R
(a-starch) 89%2 TFAHAG. 1§75 A +2¢ SIFHar
Ao, ¢FHEELE Ao AAiAZAFE (monocalcium phosphate:
MCP)& 1, 2,3, 4, % 5% F7stdd. 3838 &9 & 48x4=
¥t CPMit (California, USA)S H P71 E o] &3 AP 25mm 7|
71 2agE2 Azsdd.

of HPoz AHAYPI F AWNE 2mm A
Ag 3FNLE AYES, &5 5F0L YL FAYY. 71 2AE
A

[+

L
2

&2 AL 1% NG F U A E(settled feces)d

4 & (floated feces)E& MA3d BHH22Z Fadd. AR o &
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¥ & < (available P)2 B4 s Al Fdd A MCPE B &8
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qe o8 HE 0% Y zARY FHE o&F o o
3o Al A

o2 10%E€ FFT Aa8FAANY A 8 FFEE 2) AFAA

e MAAF 34+204g9 olxgtd Yol 400vtA & ALY o,

14d kel A 373 ¢ AH 6FVANERITAE 429) AYAE L AA s

. 712AEE ZAALE 10%, AT 47%, 298 31.8%, ol § %

F2% 5%, ol & 5%, eV FAMP) FH vivP EFET 12%=2

TAHAG. o &t% A F£ELE FFHFE dAsd, dJAANTF

29 ES dAsoq FAsdd. 4 49

AR EHE L Wenger Extruder X-1858% ol &3 gt ge

(MCP)& 1, 2,3, ¥ 4% &

27822 A 4mm A71¢ BPoz2 HHsY: Feeder RPM 35

(2 7€/h);  Cylindery steam 2 water, 395kg/h 2
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21.8-258kg/min; Extruder barreldl steam % water, 865-966kg/h
9 2.2-2.6kg/min. AR E AYF 2 #5140 vt/HEF)e2 &
do WAt NN2AEY A 258382 ¥ VxAEE AEH
do A4H%3AZL 1% AT F SZTEHAVNE o &d IFAY A
gatdeon BAPLE P AL (settled feces)T ¥ A & (floated feces) S
AP PPz FEAG. AW o &5 @ <A(available P)S
FAE 4 A9AEd FUAA4 A2F 1AM & PPz v x4
59 ZAHE o 47% ddl ©ddg AJ}AG.

g7 d AY AREY FE BE FA AF F AR 9
48588 Byl Ao FA ZF(weight gain), 4 I A F A F (daily
growth index), AlE A # %% (feed intake), A& & T & (feed
conversion ratio), A4 A # F(nitrogen intake), THZE o] §E &
(protein efficiency ratio)& Z AP Ao, ot &2, AW FHF 7|
Bt AlgW A FE WE F42 R A FF RAHZFLE HHE
71 A& AANqBHBERIG FEAMTRIYA AENS T8 24
29 FHLE =AF}AG.

5. 4EALES J%x R ouA xe ¥

Jolg BPANEY WPol T2 A8HE AEAEY FIa
2 uA A2%ee A7 A% W 55g9 Yol 1,0009 F 20
A G4z HaAW 2MBez wuw 7 5004 FASGAYG. §
27 APRAE Bysd 4242 MEHE 4TI 2E Aoa
A fad FANRE DAAADG. 10929 WP FA ABAE
2 Fasdon, £4 2ds AYE ANANZE 2AHAD. ¥
ZAE % 9% HYARE 2797 T AFABL Fago
o, AYAY AF109T EAYL f4RATY. FTRAAFY 2He
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F 2AQel B 0o obde £gsAt. Y okF A A
G4 AYY 22 55T 4¢P A28 o)t A=
dstgen, 10429 2& FAsA SE & B4 W 7A

E F Al B (reference diet)= 7} Al 99 (BBA, France) 50%, & 3 &
7} & % A ¥ (Bangkok, Thailand) 37.9%, W5 & 6%, o & 4%, v €
9 E%A 05%, Eed EFA 03%, 2 03% 2 AsaAE 1%2
e d oy, A YA & (experimental diet)= MY EFAE 70%
d 483z Ase 95AE 30%2 FAHJG. dQa4zgds (MCP)Y
3 BEAME 97% 3% E EFEY AzHdJG. 3EANE 2 Y
g 74 4348 25%9 FHFFS4 54N g 3mm ol 2 F
g SETEH7E ol &8 I (spaghettd)dd AP, 2% 55
To dF<c8 Ax71E 0§ 297 dz28Ad. A5 99 594
W A= 2o WA FHsdIey, A¥NY TLY ASF
28 26~30 T 98 2.

6. b2 BWA/Ate) N FF HA AT

2 A7 AR 43¢ Audsn AawMuTe Hage
E AEY AR A%y HH4EL AP Qa9 993
O AYARE R £2¢ 25%= A 0L 3459 w9
(30, 35 2 40%)% 2429 AP(8 2 12%)2 % 63 ¢ AZH4A
B.ooled Muw AE(FUD 25%, AW 8%) 13 H ABAER 1%
g aETz A4aUYG. BF AAF 97ge o zad Yo 840 o
E 842 398 wEg 3BuY WYY WANAYG. DT L 6F
Reow, AEE 99 38 FSGA.
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guA e ARY FFo B2 oFe A4F ¢ AE O
£ 288 H437] Ygstod F A F(weight gain), 4 d A F A 5 (daily
growth index), Al& A # 2% (feed intake), Al 8 & T & (feed
conversion ratio), @4 4 3 2 (nitrogen intake), ©W A o &L F &
(protein efficiency ratio)& Z AL Ao, o &, A AW FHFd 7]
el AR W Q & ©E AAL 2 A9 £F AHAZFLE FIE
71 3t AAABHBERIG TEAMRTAR)IY ZALEHE 8 22
2 A9 £HEE ZAGFAG.

7. 09F AE AA 2 2dE Ht:

2 A7c A2AAY 2B JABdd 429 ARE 4
A, Azste] ARG 4FE, SAE L AALL st 9
o] +AHATG. LAE WAL YU £2E ol8d 4¥H ¥ Y
s 75 AE olg FAHE AYPFATFICZ FAA F993
o

AYARE AR +7& 10%2 2AHD gsud 2wy
o Zlwd 30% wHA AR} oF¥E ©wéHd 5%E Hiwd
35% vW A2 Azd 259 AREZH FUE Y2EFUE o §3
o ARz AzsAT. 2% ABAES A F 4X9Y 3w
WG 3004 152g9 A FE WYY WARAG. AFAS o &
% AHEAYAAE 439 LYAES 2VHH, BEF 3200 4
FASATG. AYARE AAFY 3% FAE AdFo2 s AF QY
vz AL wPsdc.
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1. dojAEd dFEe ol A & H:

AY 19 AFde oS dFHeoz 50% WAz MCP &
A o] phytase® H7tF oz AN FAZo FdFPol 294 22 #
Ao wMAELE AL 23%, 12% Y F UTE BAgFUAen, 49
20l 4 £ microbial phytase #7tA Arg W HE4H o FHHAAN
v Ady A9 of Mol MAHR, Abr v} MCPo H7g F Al
phytase® #7t& o Alsdl FEJY FFE 2 7Fd & A2
NAFZ a9y o)fa87 F2 % A9 oA MAH
FFoz AEHE 4o o=t Aoz UEHRGD. 284 A4 E

J pHELY e BEH) S2EFA AFTE AAA G %7

2

Bl 712AE T AT Az A ey dAZAEAAM Y

A EHAEA HFEHA dFd AxHo Aol Aoz BAGH.

2. TEAN 98289 oFdA R

AFFTEHEITUA(FPCIZEAN 8L dAS 23 TAH kgB Z &
WAdgol e o7t AATG. J MHAZFL AFEFEUIEAN o2
2 2EHEe 98 AL 50%7A dAFe2A A WAZFES 35%7 A
2 & Ao, o2 JEIYAL 25% AT A3 A wH
FET X 15%7HA *E F de A2 vERG. & EMTE U9
FZol 22 o9 58 ¥F32, FPCe 2 988 #7118 3%
e TEY Moz A& TS A, 2L R A9 HAHF

& 2248 4 gt 3o AFAAG. B AFAAE o ¥ 125%
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% FPC 115% % $HaE ARE A olfe 22 2 Q Wiz
of NMAE TAFo) M 22 20~36% L 25~60% AE LB
Aoz Yewo.

3. d8AEY A <184 HIH:

AAL ¥ zE YEARY 238

'~

% Wyo] old Aoz APHUD., FAL+FAETAN HY W
Mol (WFM-S)9 3 9 < 2382 141% 2 99%, I3 H 4 o
Mol E(WFM-F)o 4% 57% 2 6.8%, Z M2 (BFM)Y 2%
8.1% 2 13.0%AY. €4 YEAREANAMY A 2388 AE+R
FE AFYAAN G FH(SBM) 13.0%, =S FA(CGM) 12.1%, Z v
¥ (SSM) 83% ¥ A WE(WFL) 98% 2 Ue%eoed, 2 (BY)Y A

A &238&2 421%2 UYeEagod. AL ZFMCP)Y Z 5 A A

4o
Ar

+BAEFI 80.2% 2 YE DT,

AWzide s AT THA WY R 3FE L A 23
&< 166% R 17.1%, A H Y WHYJB(WFM-F) 3§ 124% %
79%, ZM o £(BFM) A &€ 161% % 142% 2 Jego. 484
daAsEyg A% 3 € 2 2882 dFH(SBM)ol 129% %
11.1%, 2 Fd(CGM)& 152% 2 12.1%, Z o9 (SSM)Y 3 %
1493% 2 22%, 29 ¥ (WFL)Y A $ 120% ¥ 103%2 uYetde
B, ARBY)N FEE 744% % 613%2 dEH@d. dAd 2
(MCP)9 2% 3% 2 QA 4238& 47 928%, 915%% JYew
9. 2889 7

¢ sopuo Y FAE+¥AE APWo 83% =
Ruzld 22%ET BA UERD(P<005), HFEEY A$ A7
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Hol A 613%2 AL+ FE 421% 20 Fdydoz A vex
t(P<0.05). ¥ AMIALPEL dlzgdg, 3§ £8&04 degd B
# gol RUZIE AFYel A dede FFH A2y F 2y
Zoje & o7t e YA @k,

4. 9198 A 237F H4F A+

2 499 23 o8&t L FF 067%AE MCP2T
7t A3 AR EREE, 22 AL 2 A I RE FAA
R 548 $38E B9 o Rud Jdoj9 Q4 7% FF
(06-0.7%)7% < Ade Z¥L BAdd. 234 Asgd FUd #F S
1% o182 ZFeol7 A8d o8& 10% A& TYAIEE o] &89
B AFHe ol87tT A8 FE] 057%RXE MCP 2% A7+
b AR AR EEE, 2dm A2 R A MEFY RE FHAA
12 S8 8 S RAG. oY ZA=RH Asd AdEFEH
oA Aol M A 2FF FF] YUY WolE RAF Yu v
Aol A=A, 23 HFP MCPY A& L o 2%U Aoz
3 HAqd.

5. dsA R 9% R dyA 23 Yo
9l 238 dFU(SBM)ol 919% =2 Hd¥LaFT HF =
stes, sebut(SSM)el 776%2 A 3 dd. R AS
85.8%(BFM)el M 87.8%(WFM-F)2 866%9 £3%&& Uegd 29
T(WFL)S  #43a Aozt . o2 A asee
83.5% (BFM)l A 858%(WFM-S% WFM-F)2 #4tsdon, g9
H(SSM), AFER(BY)Y 2383} FAAA Hol & Bl A
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. $9, Y98 F AGFR NP Fgd SBMF S Fd
(CGM)Y 4288 Z+zt 883% 2 74% 2 HYFTF 73 w549
M e £x8 2gd. duA 288 o] 774-81.3% 2 4
24 98A8d v =24 dewen, AN daAgFAME
BY7t 706% %2 SBM, SSM ¥ WFL3 #9 &<Q o0& BolA F&
o4 CGM(64.5%)& °l 5% 713 23t (p<0.05).

v A8 A= g Age a3z dRAdAL o &7

5 Q #Fe ARG F8%A 488 & AgRoE Y. 2

e

du 7tas U A2E gREe ABAqAET} J2EFH F
e AX Azdgs WL nALH o EASE AU FFA
289 4 92 Aoy, % dANE Q2253 AT L

l A
24 989 duUALE 2HL N2 FHsorT Rolrt,

6. At 98B/ AY 5 AA A7
E A3 9% A3 HAdigs A2 F J25E ¢ F
A7le AW 29 d/Age HYFEE AA7 A5 F4H2A
g. AAAAF 97g o YAE 657 AHE 2} AP nAwg A
29 A% 43¢ nudYARd v FdHes gy
2 AFe HAFF 7t FA dewg. AgFEol 12%AM @9
Fol 30%AA 40%2 F7hgol we AAwAHIFELE 33.4g9 4

@
+

Bgo 2 Z7sE A% B, 1Y AYFE 8% ©vua

>

$£28 30%NAM 35%2 ZHAAAL ALE 433 ¥ 422g2 2 H A}
P oy, 40% SR T NE 508ge2 A JEwdg. & 439
23 Agw AW A2 AZFEFEL AFARC v FgHosz

AAd"HRNed, 53 A4 wiAdFe % 50%8 2 Hedz A9
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7. 329 A9 44 2 249x B}

AZHA) 2 27B) ALg AR 2F9 ABAE(Com-l,
Com-2)% 6% 9% 23 FAFL A ART7 1427g2 2 A3
77 AR S+dQdon, ABARe HF FAF 116go wsH
23% MAHQod, B AARFE 1338ge 2 F WAZ o, &
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F7t 594ge 2 1A %o, Jd WAHAFLE A AgETF 82g22 B
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Development of a less pollution diet for carp

Summary

1. Replacement of dietary fish meal by soybean meal for
growth and feed utilization of carp: microbial phytase

supplementation to carp diet

For the purpose of determination of an optimél soybean meal(SBM) level
in diet, carp weighing 92.2g were fed diets containing different levels of
SBM. Microbial phytase was supplemented to diets except the control at the
level of 500 FTU. Fish fed diets Sz and Sso, in which 25% and 50% fish
meal of control diet were replaced by SBM, respectively, showed weight gain
higher than other groups. Fish fed the diet Ss excreted the least
nitrogen(61.4g) and phosphorus(13g) per kg gain. Subsequently, effects of
either phytase or monocalcium phosphate(MCP) or both supplementation to
25% fish meal and 40% SBM containing diet were studied in carp weighing
71.5g. Results suggested that nitrogen and phosphorus excretion could be
reduced by microbial phytase supplementation. And also, such an effect

would be increased by meeting available phosphorus need for carp using
MCP.

II. Replacement of dietary fish meal by animal protein
sources. fish protein concentrate and spray-dried blood

meal

Dietary fish meal was partially substituted with fish protein
concentrate(FPC) or blood meal(BM) in order to study growth, feed
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utilization and excretion of nitrogen(N) and phosphorus(P) of carp
weighing 20.3g. Growth trial was conducted for 6 weeks using 5
experimental diets: Basal diet(Basal) containing 25% brown fish meal, and
4 diets(FPCz, FPCsy, BM2s and BMs) in which protein from brown fish
meal was replaced by that of either FPC or BM at the levels of 25% and
50%, respectively. A total of 700 fish were randomly allocated to 5
treatments with 2 replicates. Fish were fed 3 times a day to apparent
satiety by hand at water temperature of 26 to 28 CT. Weight gain(31.9g)
of fish fed the diet BMso was the lowest(p<0.05), while that of fish fed
the diet BM25(39.0g) was the highest among all treatments. There were,
however, no significant differences among fish fed 4 diets except BMs.
Feed conversion ratio of fish groups fed the diets FPCs(091) and
BM25(0.93) was superior(P<0.05) to that of fish fed the diet BMso(1.13).
Protein and phosphorus in whole body of fish at the end of the
experiment were relatively constant. N excretion(59.2g) per kg gain of fish
fed the diet BMso was the highest(P<0.05) among treatments, although
there were no significant differences among other fish groups ranging
from 42.0g(FPCso) to 509g(FPC2). P excretion of fish fed the diet FPCso
was the lowest(7.0g) among treatments(P<0.05). The highest P
excretion(10.8g) was found in fish fed basal diet, which were, however,
not different(p>0.05) from those of fish fed diets FPCss and BMso. The
present results showed that P excretion could be greatly decreased by
partial substitution of dietary fish meal with FPC or BM.

Subsequently, utilization of dietary nitrogen(N) and phosphorus(P) was
evaluated in carp fed 4 commercial(A, B, C and D) and 2 experimental(E
and F) diets containing a low level of fish meal with fish protein
concentrate(FPC) for 4 weeks. Duplicate groups of 40 fish weighing 65.2+
0.79g(mean+* SD) were fed 3 times a day to apparent satiety by hand.
Weight gain and feed conversion ratio(FCR) of fish fed commercial diets
were in the range of 38 to 42g and 1.10 to 1.15, respectively. Fish fed the
diet F containing 12.5% fish meal with 11.5% FPC showed the best weight
gain(45g) and FCR(0.89). Protein efficiency ratio of fish groups fed FPC

containing diets was superior(P<0.05) to other groups. N excretion of fish
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fed commercial diets ranged from 50.3 to 57.6g per kg gain, which was
significantly reduced in fish fed the other two diets. The highest P
retention(45.5%) was found in fish fed the diet F, which resulted in the
least P excretion(6.4g/kg gain). P excretion ranged from 85 to 154g in

fish groups fed commercial diets.

III. Phosphorus availability of different feed ingredients fed
to carp |

Phosphorus availability of different feed ingredients fed to carp was
determined using 3 different feces collection methods(settled, settled+floated
and stripped feces). A total 300 fish averaging 150g of body weight were
held in a recirculated rearing system(2 replications, 15 fish/tank). The
availability values determined by settled feces were less than zero for all test
ingredients. The values determined by stripped feces(STF) were higher than
those by settled+floated feces(SF+FF) for all test ingredients except sesame
meal, although there was no significant differences among them except
brewer’s yeast. The availability value by SF+FF and STF was 9.9% and
17.1% for steam-dried white fish meal, 6.8% and 7.9% for flame-dried white
fish meal, 13.0% and 14.2% for brown fish meal, 54% and 11.1% for soybean
meal, 12.1% each for corn gluten meal, 8.3% and 2.2% for sesame meal, 9.8%
and 10.3% for wheat flour, 42.1% and 61.3% for brewer's yeast and 80.2%

and 91.5% for monocalcium phosphate.
IV. Phosphorus requirement of carp fed practical diets

Six practical diets with graded levels of monocalcium phosphate (MCP:
0, 1, 2, 3, 4, and 5%) were fed to triplicate groups of carp for 8 weeks.
Available phosphorus(Av. P) levels in dry diets rahged from 0.24 to 1.27%.
Seventy carp weighing 18g/fish were allotted in each tank of 130 L
maintained at 26 to 28 C. Fish were fed 3 times daily to apparent satiety by
hand. Fish fed basal diet having 0.24% Av. P showed the lowest growth.
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The best performance in weight gain(44g), feed conversion ratio(1.02) and
protein efficiency ratio(2.33) was found in fish fed the diet containing 2%
MCP(0.67% Av. P). Chemical composition of whole body of fish at the end
of trial did not show any difference(P>0.05) among treatments. P gain
maintained constant at the level of 0.15g/fish. The best results in terms of P
loss(13g/kg gain) and P retention efficiency(23.4%) were observed in fish fed
diet having 1% MCP(0.42% Av. P), which were, however, not different
(P>0.05) from those of fish fed diet having 2% MCP. On the other hand,
fish fed the latter diet excreted the least nitrogen(44g/kg gain) and showed
the highest nitrogen retention efficiency of 35.6%. The present results
showed that the available P in practical diets should be kept at the level of
0.7% . for juvenile carp.

Subsequently, duplicate groups of carp were reared with 5 diets
containing practical ingredients with graded levels of Av. P from 0.12 to 1.02
for 6 weeks. Fifty carp weighing 34g were allotted in each tank. The lowest
growth was shown in fish fed basal diet containing 0.12% Av. P. Fish fed
0.57% Av. P showed the highest weight gain(55.9g) and daily growth index
(2.95) among treatments, although there were no differences(P>0.05) in two
criteria above-mentioned, feed conversion ratio and protein efficiency ratio of
fish fed diets with above Av. P. While nitrogen(N) intake maintained
constant, N gain and retention efficiency increased(P<0.05) with an increase
in dietary Av. P from 0.12 to 0.57%, which, in turn, resulted in a decreased
N loss from 62g to 42.9g. However, no significant differences were found in
such criteria among groups fed diets containing Av. P above 0.57%. The
highest P gain was shown in fish fed diet having 057% Av. P, although P
loss and retention efficiency were the best in fish fed the basal diet. The
results suggest that practical diet for juvenile carp be formulated such as to
have available P level in dry diet of 0.6% for both maximal growth and

minimum P loss.
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V. Nutrient and energy digestibilities of various feedstuffs

fed to carp

This study was conducted with carp to determine apparent protein, lipid
and gross energy digestibility coefficients and apparent calcium and
phosphorus availabilities of the following feedstuffs: steam-dried white fish
meal (WFM-S), flame-dried white fish meal (WFM-F), brown fish meal
(BFM), soybean meal (SBM), corn gluten meal (CGM), sesame meal (SSM),
wheat flour (WFL), brewer's yeast (BY) and meonocalcium phosphate (MCP).
Test diets consisting of a 70:30 mixture of reference diet to test ingredient
were utilized with chromic oxide as an external indicator. Fecal collection
was made during 10 days before the end of feeding trial lasted for 27 days.
The best weight gain and feed utilization were found in fish fed MCP
containing test diet. Protein digestibility was high for most ingredients,
ranging from 81.2% for BY to 91.9% for SBM, with the exception of SSM
which was 77.6%. Lipid digestibility coefficients ranged 74% for CGM to
85.8% for two kinds of white fish meal. Digestible energy coefficients were
generally high for fish meals, ranging from 77.4% for WFM-S to 81.3% for
WFM-F, whereas those for plant feedstuffs were significantly (P<0.05)
lower, from 645% for CGM to 706% for BY. Phosphorus availability from
fish meals was variable with a low of 6.6% for WFM-F and a high of
136% for WFM-S. Phosphorus availability from SBM and BY was 7.3%
and 57.2%, respectively. Calcium and phosphorus availabilities from MCP
were 84.6% and 80.6%, respectively. These results provide more precise
information concerning nutrients and energy utilization of carp and will allow
ingredient substitutions in practical diet formulations based on levels of

available protein and phosphorus.

VI. Optimal dietary protein and lipid levels for carp

In order to establish an optimal dietary protein(P) and lipid(L) levels
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based on growth and nitrogen(N) loss, carp weighing 97.2g were fed diets
with different P(32, 38 and 42%) and L(8 and 12%) for 6 weeks. Two diets,
low P with medium L(P28L10) and commerciallCom) were also employed as
a comparative groups. The highest weight gain(125.1g) was found in fish
fed diet P42L12, while that(110.8g) of fish fed diet P32L.12 was not different
from those of fish fed diets P38L8, P38L12 and P42L8. Feed conversion ratio
did not show a significant difference(P>0.05) among treatments except
P32L8, P29L10 and Com. The same trend was found in protein gain in
whole body which maintained constant at 18.2 to 19.8g except 3 groups
above-mentioned. Protein retention efficiency decreased with an increase in
dietary level, showing the highest value{44.1%) for fish fed diet P32L12. A
decrease in protein level resulted in a significant reduction in N excretion.
Fish fed diet P32L12 excreted 334.g N/kg gain, while 50.8¢ and 66.1g N
were excreted by fish fed diets P42L8 and Com, respectively. The present

results suggest that protein level in commercial carp diet be greatly reduced.

VII. Formulation of a less pollution diet: estimation of

pollution loads and feed cost for carp production

Less pollution diets with low(A) and high(B) cost were formulated and
fed to carp with 2 commercial feeds(Com-1 and Com-2} for 6 weeks in
order to compare growth performance, excretion of nitrogen and phosphorus,
and feed cost for Kg production. Growth trials were parallely conducted
using a recirculated rearing system(Exp. 1) and floating net cages(Exp. 2).

The highest weight gain was obtained in fish fed the diet A, which
was followed by fish fed the diet B in Exp. 1. The best protein efficiency
ratio{2.61}) was also found in fish groups A. Nitrogen(N) excretion per kg
gain ranged from 38.3(A) to 59.4g(Com-1). Fish fed the diet A showed the
best N retention efficiency(37.6%). Phosphorus(P) excretion of fish fed less
pollution diets A and B was similar (82g vs 85g), while fish fed diets
Com-1 and Com-2 excreted 9.9g and 25.3g/kg gain, respectively. The highest
P retention efficiency(35.9%) was shown in fish fed the diet A. In Exp. 2,
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fish fed the diet A showed the highest weight gain(223.1g), while fish fed
the Com-2 was the lowest weight gain(169.7g). The best feed conversion
ratio{1.08) and protein efficiency ratio(2.56) were found in fish groups fed the
diet A. N excretion ranged from 396g for A groups to 61.8g for Com-2
groups. Fish fed diets A and B showed the best N retention efficiency of
36.8% and 38.3%, respectively. The lowest P was excreted by fish fed the
diet B(8.6g), which was followed by fish groups A(95g), whereas fish
groups fed diets Com-1 and Com-2 excreted 103g and 26.6g P/Kg gain,
respectively. Compared to fish groups Com~1 and Com-2, relative reduction
values of N and P excretions were 32.8% and 487% in fish fed the diet A.
The lowest feed cost for Kg production was found in fish groups A, which
was 764.6 won. However, it cost 1007.8 won for fish groups B, 9122 won
for Com-1 groups and 1014.8 won for Com-2 groups. The present results
clearly showed that a great reduction in pollution loads by carp farming and

production cost could be achieved by optimal dietary formulation.
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Table 2-1. Ingredient and chemical composition of the experimental diets

Diet
Ingredient Basal Sx Sso S Sioo
%
Brown fishmeal 30.00 22.50 15.00 750 0.00
Soybean meal 30.00 4050 51.00 6150 72.00
Wheat flour 35.28 3057 2587 21.67 17.47
Soybean oil 2.00 2.00 2.00 2.00 200
Sardine oil 1.00 1.50 250 3.00 350
Vitamin Mix.! 0.70 0.70 0.70 0.70 0.70
Mineral Mix.! 0.30 0.30 0.30 0.30 0.30
Lysine(98%) 0.20 0.30 0.40 0.50 0.60
DL-methionine(50%) 0.20 0.30 0.40 050 0.60
Choline-HC1(25%) 0.30 0.30 0.30 0.30 0.30
Antioxidant® 0.02 0.02 0.02 0.02 0.02
MC P - 1.00 150 2.00 250
Phytase*(FTU) - 500 500 500 500
Total 100.00 100.00 100.00 100.00 100.00
Chemical composition(%)
Moisture 445 457 409 418 430
C. protein 4059 39.87 3845 3831 3811
C. fat 8.07 7.89 880 894 8.78
C. ash 7.83 7.94 766 7.45 705
Ca 2.38 221 223 1.74 168
P 1.23 125 1.24 1.25 1.24

'Supplied the following amounts per kilogram of diet : vitamin A, 35,000 IU; vitamin Ds, 7,000 [U;
vitamin E, 70 mg; thiamin, 14 mg; riboflavin, 21 mg, pyridoxine, 14 mg: vitamin By, 0.14 mg;
pantothenic acid, 49 mg; niacin, 105 mg; biotin, 1.4 mg; vitamin C, 70 mg; Mg, 240 mg; Mn, 140
mg; Zn, 280 mg, Fe, 84 mg: Cu, 24 mg; Se, 0.12 mg; Co, 39 mg: 1, 6 mg.

Endox®, Kemin Industries Inc., USA.

3Monocalcium phosphate, Cefkaphos®, BASF, Germany.

‘Phytase, Natuphos®5000, BASF, Germany (FTU/kg diet).

..10_.
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2448 F& ammonium oxalate §Ho 3 FAHAAY F
H:S0s, £ 43 #$AA KMnO.2 HAASY Fadoen, AP
vandate molybdate-vellow® © 2 470nmo A spectrophotometer®
EAsQT. 489 AANA 107 £ FERAN $HEF S5U JoE
dedz AATF SSEH7E o8& #4389 F H&F & 10g4
o ARE HFH BA o&sAd. UdA Nge EHARA
-20C9 WYe o 2asAcd. 204 AR FAR BN BEAE
4 3 Duncan (1955)9] multiple range testo]l 98 o SAS statistics

package(SAS Inst. Inc.,, NC, USA)E ol &3 HAsA.

2. W¥we 71228 AEW UAE phytased] 7t

7. AT E, APAR R A8AA

AYEFEZ2E 7152292 (meantSD)  d o (Cyprinus
carpio) 25003 & Al g Aoy, 749 HEAE AIF 65
AgAPE AASAY. dBAEE AY 1o A& v FAI
ez APFAd. 4848 FA4 L Table 2-29] Yed v s
Zol 71xAE kg? phytaseE S500FTUR 7L R(BP)H 71 2 A& o
Monocalcium phosphate(MCP) 1% & #H7[& BM,¥, MCP 2% #H 7}
& BM:7 2 MCP 1% % phytase S500FTUE & & H7Fs BM.PTH

2,5% %9 Atgol 2% E@25u/HE)o g g A} AG.
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Table 2-2. Ingredient composition(%) of the experimental diets

, Diet B BP BM, BM: BM,P
Ingredient
Brown fish meal 25.00 25.00 25.00 25.00 25.00
Soybean meal 40.00 40.00 40.00 40.00 40.00
Wheat flour 29.18 29.17 28.18 27.18 2817
Soybean oil 2.00 2.00 2.00 2.00 2.00
Sardine oil 2.00 2.00 2.00 2.00 2.00
Vitamin Mix.' 0.70 0.70 0.70 0.70 0.70
Mineral Mix.' 0.30 0.30 0.30 0.30 10.30
Lysine-HCI 0.30 0.30 0.30 0.30 0.30
DL-methionine 0.20 0.20 0.20 0.20 0.20
Choline-HCI 0.30 0.30 0.30 0.30 0.30
Antioxidant’ 0.02 0.02 0.02 0.02 0.02
MCP' - - 1.00 2.00 1.00
Phytase (FTU) - 500 - - A 500

Total 10000 - 100.00 100.00 100.00 100.00

'Refer to Table 2-1.

Table 2-3. Chemical composition of the experimental diets

Diet
Composition B BP BM; BM; BM,P
Moisture, % 7.02 9.15 8.76 . 809 8.46
C. protein' 41.50 4149 42.78 43.05 4277
C. lipid' 8.88 884 807 8.33 8.07
C. ash' 7.90 777 8.46 9.37 868
Ca' 2.22 2.07 2.16 2.42 2.00
P' 1.13 1.29 1.48 1.78 141
'g/100g DM. )

— ]2 —
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Wz SxHAAF LdE FY4a7T AARP>005). 712448 F
(ControD)$} Sus, Swed o F+ e ZAoj7t AR 29 (P>0.05), of 5+
ol dAFFo 50% olFo FNESTE ARLTE FTEe A
ol AU,

Ogino% (1979)0] B 3@ A o843 A8 AE lkg%
phytase 500FTU #H7l§ Alg F9FAAM AAE kgd MCP 82g(+
Adoe 017%)¢ H7E® AW U@ idE dguada @
Schafer$(1995)9] ¥ 2 & 7|28 2 2o o &3 AFAAzY
FrFEUY qFF2 ALsH Control, Sz, Sso, S7s, ¥ SwAt &7 3 F
0.23, 058, 065 072 2 080%=2 ALHU2eqs, Oginost
Takeda(1976)7} B2 & < 2 7% 06% < vlzdA 712A48F 9

de FEYY 27%FE HFANT U A2 YEED. 234y

bok
s
o

WS o WAFF 50%F xAE W ALYez &

re
i)
lo,

g2 Z2748RAAL Ses D Ssool v AHol HolR Re
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o

fln

209 s FCRel] 982 & oz AgdEd. 2714 71

i

olf
oX

Axe 8oz dgFradyg RHFAI Ao <93 protease
(trypsin) inhibitore &3] % & A (Dabrowski® Kozak, 1979;
Wilson? Poe, 1985), W% otv x4 £ 7% (Dabrowski¥,
1989), di e oA FZFol of T v FE& A (VielaF, 1983;
Hilton®} Slinger, 1986) ¥ Wi 5wy Q1 o] & o] of & v 2
€ ZR(Liebowitz, 1981)& & & Y. B AHdAE otvxil, o
Ua 332 st FAotuxA(dAed, gojd) & 2d& H
7t oA E FUdst U7 W FAY AL wiAYg F

24 trypsin inhibitord 24 & A ARGl gEHoz Feg.

Table 2-4. Weight gain and feed conversion ratio of carp fed the experimental

diets for 6 weeks

Diet Initial wt.  Wt. gain FCR PER! DFR’
g/fish g/fish %
Basal 91.6 83.2° 157 1.50 2.33
Sx 916 97.2° 1.47% 1.63 242
Sso 92.4 101.5° 1.38° 1.81 2.34
S 92.8 84.3" 1.66° 1.50 2.48
St 92.8 83.6° 167 1.50 2.47
mean* SE? 922+1.7 90.0+54 16*01 159+005 241%0.03

'Protein efficiency ratio = weight gain(g)/Protein intake(g).
Daily feeding rate = (feed intake/d2)x100/{(initial body wt.+final body wt.)/2}).

3pooled standard error.

™V alyes in the same column not sharing a common superscript letter are significantly
different(P<0.05).

oh =2, 500FTU9 phytase ¥7l2 2add &+ A& A9 #F
of @A A o &ITF Aol A AJANRG & 5 F

28 Atz FEHHY, 58 27F o d& HAFTHA Havt
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e = A& A2 FF5HE2E 5 ¢ AAG AF77 #8459
of & Zold. d¥A o & AEES(PER)S 150~1819 ¥ oz gy
ov HAFH FAHL AAA((P>005). €4 F o &(DFR)S
233~248% 2 A Mg 7o Aol gl HP>0.05).

. Az 24
Table 2-59l A& Az =24E& EANFdGAdcd FE2&Fad
A FRA 7764% BTG F Y HMFo FNETE FEHF H
T 756% 2 %3 #FHA2H}T Ao vgawgen o= M 2an(dH
& R A7}
1495% 24 F 87t 1561~1594%2 %% Fotsts A gol vE
@ o},

$. 1994; A A, 19959 dAFAG. &9 Fd FF

Table 2-5. Whole body composition of carp fed the experimental diets

for 6 weeks

Diet Moisture Protein Fat Ash Ca P

Initial 77641018  14.95+0.04° 5.12+0.03¢ 213+002° 1.25£003F  0.45:001°

Basal 741410257  1562+0.30° 7.94+0.28° 249+£031* 1.39+0.04° 049+0.05"

S B3BE004L  1561%020° 6.17+0.13° 21610.10° 124+008°  0.441001™
Sso 7488+05%  1594+0.05 6.28+0.03" 228+0.16" 121£001° 0.48+0.03"
S# 7696+0.45°  1566+008"  571+0.25° 249+0.13% 156*004  050+0.08°
Sip 7666035 1566000  522+0.2%° 2601032 144+0.13° 054+005

mean 75.94*0.34 1557+0.16 6.07%0.19 236+0.20 1.36+0.07 0.48%0.03

*dyalues(mean = SE) in the same column not sharing a common superscript letter are significantly
different(P<0.05).

AMFgFe] Afe FELY FFo F A degd 7



AR FATF7 794% 2 7t A JdE R o9 (P0.05), 9 @ Fol
$E AEE Yol FAEY AAAW AFFo FrAdE
¢4 ®E 2(Takeuchi®t Nakazoe, 1981; #AF $, 1994; A% 7,
1995)¢ d A AT, 1 FF L 044~054%2 4 2 ®Holst YU
HooRe AW A FFe AA YD 04~05%2AH HyHez
dRY FF¥22 #APIgdn F Bu(Lall, 1991; A F 7, 19959
dAse 2HE B FA.

Table 2-6. Nitrogen(N) utilization of carp fed the experimental diets

for 6 weeks
N(g) per Kg weight gain N excretion(g)

Diet : g . e NRE(%)'

Fed Retained Excreted /Kg feed intake
Basal 1066%x 22 266%1.1 8.0% 1.0 51.0+0.2° 250+06°
S 979+ 0.1 26.3*0.6 716+ 05 489+0.3® 269+0.6°
Sso 837 06 273202 61.4%* 04 444+0.1° 30.8+0.0°
S 1075+1038 267+05 80.8+10.3 479+1.2° 248+21°
Sio 1065+ 42 26704 798* 38 477+04° 25.1£06°
means 1015+ 30 26703 747 3.0 48.0+0.7 : 265%1.0

'NRE = nitrogen retained/nitrogen intake x 100.
2Excreted = fed - retained.

abcValm’:s{mean'*_'SE of two replicates) in the same column not sharing a common superscript letter
are significantly different(P<0.05).

4. d2 d9 AR 2 FHES
Table 2-6cl& A2 SHIH jdIF L ITANSAEH ke
TAF AL HHAFL 887~1075g9 ¥WHE dYeHUAeY AT
O FAAA FAdE QAT (P>005). FA ¢4 2 2HFL
26.3~273g9 ¥WHAE YEHUHAZL HPF X HAole NG (P>0.05).
FA 29T FA2 wMAUdBL 61.4~808g2 HAS JdeuRon
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g Fel Fde AN YROU(P>005), 2 HABY g
o we WHIE FAY Mol YT Rz dERod, e
B Ee oz 50% AT SsoF7h F1ZAE T vl 23% BT A
A wAdFo] FAY Roz vdeygog.

AT AR kg WiAdESE 2429 F(g)e SsAlE §947F
7t 444go 2 8 K Fo v& P R R(P<O.05), NEAE T}
51.0g2 2 S8 T(489g)8 A & AF+rRg ¥4 JdYeage
| (P<0.05), BF HgF Zede HF4e AAFHA & %d(P>0.05).
AR HAAFE 7IE22 8 9 STt ZIEAIE T v E AL od)
Aol 13% AE F42¢ Aoz degyd. 4 £ A& (NRE)S
SsoAbE 977 307%2 M 539 BAsE F9F% K25
A = A (P<0.05).

Table 2-7. Phosphorus(P) utilization of carp fed the experimental diets

for 6 weeks
‘ P(g) per Kg weight gain P excretion{g) ;
Diet - 5 i PRE(%)
Fed Retained Excreted /Kg feed intake
Basal 20.1+0.6™ 53%1.1% 148+05° 94+05" 264+46™
Sas 19.1+0.4° 43+02° 149+02° 10.1+0.2° 223+05°
Sso 179+02° 49+05" 13.0£07° 9.4+05" 276%30°
Ss 219+25"° 55+0.7" 163%1.8 9.7£0.4%® 25.310.3%
Sio 216+06° 6.3%06"° 15.3%£0.0° 92+03° 290+19°
means 201£12 53+07 149+09 96+0.3 26.1£26

'"PRE = phosphorus retained/phosphorus intake x 100.
*Excreted = fed - retained.

®Values(mean* SE of two replicates) in the same column not sharing a common superscript letter

are significantly different(P<0.05).

Table 2-7al 4 & Kg $AZ ¢ A4AF £ W43 5
Haggol daf ZAsAEd Asd Ao FFels Fagol FdFH

...18_..



o2 AAg8F & AZXFAL S ¥ SwAtE 8977 21.6~21.9g
o2 AHAFo 1A BUd. FHE F& 43~63g ¥AE U
Rod, FIEXAETF, S5 2 Swe AHRE FAFE A7 53,55 %2 63g
o olE e FTAARJA FAdxe AN (P>0.05), SiertE &
o F7F 63g2 2 Ss5(4.3g) 2 SsAtE F9TF 49T fYgHom
ARom(P<0.05), ol A9 HHAF AdHdoz HAAL Ad 7
A Aoz BIAdY. Kg FAFT < siAdFL 130~163gs) ¥HE
degdded St FAF7 130ge 2 MY sFsden
(P<0.05), oA A Fgele ezt deua &k (P>0.05). 7]
ZAE T HE Y Sst7t Kg AT 4 i FAA 12% F 2@
Ao e,

dH,d FHELE(PRE)Y ¢ 223~200%9 WHE YeE
WA e d phytase S00FTUHZIZ e I & £ MCP2 ¥
FHE FEQY 017%cl 49 AFdE el R22 Holy, phytase’t
Z1dAdgy s 2T £ Ade FHole A de Raz A
et d¥4A448 U ¥$FS YAGA RFa o AFY
oz dAFE FHETFE &4 FL& MCPE EF3}HU7I
WEA A FHEEAM FAFY Hol7k dEURA @G Aoz F
5o, MCPE H7stA &2 M+ g Fo vludyddad B

g

Jae AT 42+ AAS Row F

2. WW5FeLS 71223 As4W v AE phytased] #H7}

. F5A, AR TE R B8 B EE

71 2 A} 8o} phytaseE H 713 Alg Fo F(BP)E 7|24 8
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FA4FBIEYG FAFR ABHEREAM FF AAHA2Y(Table
2-8) FAA #9494 A28 (P>0.05), 71 A8 MCPE 7t &
Ats 9t MCP$S phytasegE #4 H7td As 349 F(BM,, BM,,
BMP)e 71248 Fd478d $58 43L& Yl (P<0.05).
28 yvd BMi7% BM:7& vz <d BM77t 43 ARy
fFeAE degya FR(P>0.05). 8 BM;7F ol phytaseE #H 7t
§ BMPTE vazsdyed FAF € Asad AdgAeH
(P<0.05), BM2% BMP#+ el ol 7h &l A ©H(P>0.05).

MCPE H7/@ ARF7 721248 FrRG 4FHo AMdE
AL o 47tsd A(FHFEUA)) F7HE Z2F34A Aoz FEHd9.
BgM 728t AAFAPZ 2F=HE do] #FE AHHdn & F
AW, A& A E 1kgD phytase 500FTU # 7t MCP 82g& #
b A 4 AR E Jdeudoda & Schafer $(1995)9 E 3
9} AM4FAN ZAHE A o] LAL VNZx2IA E APl o] &F A
FAEW RFAEJQY FFE Adsd B, BP, BM;, BM: ¥ BM P4}
27 2z 0.3, 0.29, 0.32, 0.52 ¥ 048% 2 A=A, ol & Ogino
9} Takeda (1976)7} R 3@ ¢ 87 %F 06~07%% vl f=&
A 8 FFE ¢FAINA Rz g, 2y A5F 29 204 o
2 10%E 73 oAAF 34g9 o2 ddo9 ol &itT A 87 F
057% ¢ vl 2@ A % @y FAL AAF Frhe we o §
b A 2FFo RolAE AFo A § B, ofAFT 104g
9 olaFAddolold MCPE 1% H7tstd o &7%d AAA
034% 9 W 71F AAHo FAde Bn(P A, 1995 vasd ¥
g 2 AP AT 715¢9 ol2dddoA A BM: ¥ BM/P

T o &7t A FFo 048~052%%2 A FHH=g £EFF U
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Bl et

gdwa o8& F 8 (PER)2 BT+ 7 1.13, BP# 7 1.2482 € 4
HF(1.45-162)2 9 2 A YELY 2(P<0.05), BAI& 9 phytaseE I
AR eA %z AdAAeY Hed7 ART(P>005). MCPE
1% #H71¢ BMi7+ 1452 BM: 2 BM\PFE o @t 12(P<0.05),
BM A} & o] phytaseE #7ld BMPTE 16224 fd8doz MA
g Aoz L]’E}‘Xl";}(P<O.05). ols} & A3} MCP =& MCP%®
phytase® SAol #7hg oz Aso $HA9 FBo] 278 @
W ojgAgo ZAW Rez vdewon Lal(199)% AH 7
(1995)8] 44 R msh YA s, |

Table 2-8. Weight gain and feed conversion ratio of carp fed the experimental

diets for 6 weeks

Diet Initial wt. Wt. gain FCR PER! DFR®
g&/fish g/fish %
B 70.8 59.8° 2.14° 113 . 303
BP 718 66.0° 1.95% 1.24° 2.92°
BM, 72.0 79.4° 162° 1.45° 2.74°
BM: 70.8 86.3° 1.44° 1.62° . 259
BM,P 72.2 89.2° 1.45° 1.62° 2.63°
mean+SE’  715%26 76.1£47 172201  141%01 278101

'Protein efficiency ratio = weight gain(g)/protein intake(g).
Daily feeding rate = (feed intake/42)x100/{(initial body wt.+final body wt.)/2}.

3Pooled standard error.

>V alues(means of duplicate groups) in the same column not sharing a common superscript letter

are significantly different(P<0.05).

dH, ddAsF9E&(DFRIY Z$ BF7t 3.03%2 BPT 9

_21_



A =A 4EG(P<0.05) ALEW A FFol FNTFE
Fadte 23S Q9. 28y olRe] A FFeo 9@
o} 2=

2 28dAe ¢

Takeda, 1976; Yone® Toshima, 1979)9)

-

9

il
i3

to
2

»
)
N

rlr

|

fle dAelgd. 223 ¥4 dFAE(0ginod

A ZIFHe

b

A3E 2 ABESY A7 BaEYeYy ok A B A
Bol e HolofA Hegd Hduo ofjdn wxo A AYo 3§
Sojor d Roeg HAYG,
Table 2-9. Whole body composition of carp fed the experimental diets
for 6 weeks
Diet Moisture Protein Fat Ash Ca P
Initial  77.89+008° 1473%£006° 503+001° 218+0.10™ 125%0.08 046+001°
B 73.16£0.25° 14.89+0.08" 9.75%023° 211%0.15° 158£002° 0.39+0.05"
BP 7467£0.28™ 152010.13° 7.92+0.11° 203+033* 126+006° 041+006®
BM;  7363+035" 1589+008° 747+036° 191+007° 103%0.02° 036%001°
BM:  7426%006° 1546%0.13"° 6.80+006° 246%0.10° 151£001° 0.350.03°
BMP  7470£0.12° 1518%£009° 7.80%004" 236+023® 128+004° 0.43+0.02°
mean  7472%022 1522%0.10 746+063 217£019  132+0.07 040%003

2bed2y alues(mean = SE of duplicate groups), each pooled from 5 fishes, in the same column not

sharing a common superscript letter are significantly different(P<0.05).

. Az 24
Table 2-9dl XN & Mz 24& FAdIsd FEF 2
AAAel 779%R Y FEAY AFo FANYFE FEFF
742% 2 ZA23te Z ol e B G (P<0.05). ©92 §F& A9
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7t 147% 2 M F 80 149~159% =2 %% Fks e A Fol dEHR
ool 4Ad Bam(@H $, 1994 AFH Z, 1995 vz FFL o
B,

AgdFe] AL FEAY T2 7 A YE G 7]
2AEF(B)7F 975% 2 7t A=A G (P<0.05) A Feo)] RE& A
85 dooA FAER HAAW AWFFe] FFAGE A B
i 2t E (Takeuchi®t Nakazoe, 1981; Schafer 5, 1995)9 2 79} 4 A
. 9 FFE 035~046% 2 2 Wolst AR H oF A
W o e A ©dF 04~05%2A FRHoE ARG FFL

2 A8z & Lall(1991)8) Bz dXdle 2HE BRAgFAG.

o A4 2 A9 2HFg LI AEAH
Table 2-109l & A4 ZHZF7 wWdIFE FAI}AcU
kg

olN

AF 242 HAFLS 712AEF(B)7F 1424g2 2 BPTF(129.7g)
9] & 4% F(98.8~1108g)° vl & o = A YE A (P<0.05). o] R
AdPdAasy gl de gdFFoly A3 HHFA Aol A Yy A
oy FAFN Aot AAR, kgFATLE BEAF o2 Ao
Ao og oz B Aol #A, kgF AT FL FHIFLS B
T7t 23.7ge 2 AdHeoz ¥A e 2 (P<0.05), BMiT 7 26.8¢
oz 7% EA JdE %o (P<0.05).

A2 wAZFe BT/ 1187g2 2 HF A JdEHRX
(P<0.05), BP®7F 1049g22 FwA=z ®we Roz deygoen
(P<0.05), BM,, BM: ¥ BMP#7t %7 84.0g, 73.5g, 746g2 2 B
BPF Xt 27 Jdewtc(P<0.05). B¥9 BP7E vzgflegd A&

Wl Aol 12% Z 4 U (P<0.05), BMi# 9 BM\PTE vz S
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11% #4228 Reg2 dveEwoyd Fo43A Aoe AAXH(P>0.05).
ol ¢ A+ A (Watanabe, 1991; A, 1991, Kim® Ahn, 1993;
23 %, 1994; €, 1993; A F A, 1995) A AAAHF e o)
ARXALT Atmo] w2 Kg FHFT F4 wpEFLS 325g

rr

(Watanabe, 1991)ol A 130.9g(€, 1993)2] wWols} UAth. gt A
8o 98 € HEY Aoz AL WAHAZFLE 29 £ A A

o &< HAY.

Table 2-10. Nitrogen{N) utilization of carp fed the experimental diets

for 6 weeks

: N(g) per Kg weight gain N excretion(g)
Diet ) NRE(%)

Fed Retained Excretion  /Kg feed intake
B 1424+ 91°  237+03° 1187+ 88 55.3+05° 16.7+09°
BP 1207+115°  248+05° 1049+11.1° 536+13° 192+13°
BM; 1108+ 37°  268+02° 840+ 39° 51907 242+1.0°
BM: 988+ 1.3  254+04° 735% 1.7 512402 257+0.7°
BM,P 992+ 54  246+03 746+ 56° 51413 249+16°
mean  1162% 72 250+0.3 911+ 7.1 52709 21+12

INRE = nitrogen retained/nitrogen intake x 100.
2bey alues(meant SE of duplicate groups) in the same column not sharing

a common superscrfpt fetter. are significantly different(P<0.05).

AL %Y EAL(NRE)E B ¥ BPF7 16.7% % 192% 2 7}
2 Az} A dEbw 2(P<0.05), BAF& ol phytased I 713 BPA®
Sl W2 FHEEL 167% o 192%E SHo% ANE Ro
2 UEew o3 (P<0.05), BMi#% BM.PZol &= ol 7 gl o (P>0.05).
Aol ZYEA F4L olfHE&0] QoA KFAEYY Fo] 8FF
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Zh719] A4 2 F@dE B a(Lall, 1991)9F vl ws] B o BAR J

9 48(0.13%)4 A phytaseE 7t 2

woode
lo

# (BP, 0.29%) M = 2 Ygdx BMAtaE FEQ9 ALA
7t 032% 24 BM\PY 048% 2 FT7tstd = @93 FH AL M4
52 &L A2 o= FF o9 & @ F g #FA ¢
T A2z FFdd. olgig AAE MCPE 1% H7Hsd HFa2A9
AR 034% ol o2 FHdAE AL £HEE MAHA 9
*x o ol MCPHZHE B4 FHAEN AHNEAZ} dAG
T BE3(AR A, 19959 e AF¥ELE dgudd. 28y A9
2

29 g0 WANAFE FEAS FFAA B APAME 032%
£FoQAT AT (19958 M APAME 034%2 A HA@
238 Y.

Table 2-119l A & kg 43 o AAF, widzxd € 3
Agd da EAFHAeH Alsd A9 #FFeol HF = AD(1.64%)
BM: 77t 255g2 2 AH#Fo 713 ¥z BMPF7 204g202 7t
T AA24Y(P<0.05) U AFF gols Aozt QA G (P>0.05).

Kg3A3d £3E 9 F& 27~42g9 HH9E deuAe
H FAAY oA AA24(P>0.05), BMiAL B9l  phytaseE H 7}
¢ BM\PT79 A% A FHFo] 28g0l A 42ge 2 AXRE 7ol
AR, KgFAd A wjdFE& BM\PAE 77 162g2 2 7H3 A
1(P<0.05) UHA HAEF Teddv aol7t AAF(P>0.05). BMiAl &
o] phytase® ¥ 7t% BM/\PT79 7 ¢ A wAFol 21.0gol A 16.2g
02 ZAHAT(PK005), 282 23%Ax2 e, ol e
A 7= Schafer $(1995)8 Aol RagAdEd, MCPE 0.82%

F71g Al 2} phytaseE H7F3 S AF Ay widFo 33% &



Iy
olN
2
of

deAT sy, @ A AHHFel 204ge 2 F A
7

a4 BM P79 < Q uMdEol 162g2 2 F v sted(P<0.05),
ol 99 ZFAD A HFFo 245 248 FHEGn ¥
F $(1994)9 rB3e IAFAG. orT FAH  dFAA
(W atanabe, 1991; #, 1991, Kim® Ahn, 1993; # 3 $, 1994, 9,
1993; 2 3 7, 1995; Schafer , 1995) kgZ AF A Wdze A
£ 5.0g (Schafer 5, 19951 A 2 A= 349g(Y, 1993)8] Wl & Y
guUded ol 9A A9 2AHoR U jAdAZRFE Y £ AT

g RAdEgn A,

Table 2-11. Phosphorus(P) utilization of carp fed the experimental diets

for 6 weeks

P(g) per Kg weight gain P excretion(g)

Diet ) PRE(%)'
Fed Retained Excretion /Kg feed intake
B 242+1.1° 33%10 209+0.1° 98+06° 135+36"
BP 251+22° 37+13 21.4+3.4° 109+0.9° 153164
BM, 239+0.7° 28+02 21.0+09° 130+01° 11.9+12°
BM; 255+0.6° 27106 228+1.2° 15905 107+26°
BM,P 204£1.2° 42104 162+08° 11.2+00° 205+06°
mean 238+13 33+08 205+17 122%05 144%35

'PRE = phosphorus retained/phosphorus intake x 100.
“boyralues(mean £SE of duplicate groups) in-the same column not sharing a common superscript

letter are significantly different(P<0.05).

gH, A £HEZE(PRE)Y A% 107~205%9 HHE ded
At d phytases] H7HZ A A o]§AF F7tel HA FELH



7NN2A8(B)7F 135% Q2 BPF7 153%2 FAAA 914 A
S Y (P>005) AAE AFeo ez, BMF7F 11.9%, 7]
phytase® #71% BMP77 205%2 A48 232 Yz
(P<0.05), AMAEE 42%4Y I+ Aoz veyd. MCPE 082%
H7td At s phytaseE S500FTU 7218 A9 Q9 =3 3FEo
358% A 451% =2 ZF7tH 26%9 AMEAHG Addvdz
Schafer 5(1995)9 R ¢ dXN3&e ZF2FE veygusdog.



A48 A 2 HAE

I ¥ $2¢ 22 ARW W 4E phytased] 7}
£34(4¥ 1)

$u 428 2@ YolAgd NA4E phytases 7}
dole] AFSHG A2 L A WAdFe vNE JFL =AY
A3td AAAF 922+19g% Yo 2507 & 5xg 2202 &A
Aol WA 6Fz9 AFAEYE AAHAG. APl o4 ¥ A=
= g Ao ® 30%, T 30%, AME 3528%2 FAE 7 XA
WFwoz of2g 25% WAF A= (Sws), 50% W AMFE A E (Sso)
75% ol A @ AR (Szs), 100% A A AE(Sio)ll AHRU FA F
e FA&A 7 fstod MCPE 2z 1%%H Azatod 05%4
HENAG. 124279 APA a0 phytaseE 500FTUH  H 7} 8
A ofe] F£Fo] Fa2Fe BE WY L FolA e BF
dated 2 014 FEFAAH, B JuURY Farre BEFHI
st ol f(AolaAR)IE & 05%48 HEFAAG. 99 33 w3y A3
=7 dold o 27X FAsq doj ARE g 2o,

b, FAZFAANE Sas R Sso AT A 972g £ 101.5g8

2 8 A8 F4TFEYG $5FAT(P<0.05) B APt

£ #9247 9A(P>005). AR L FEE SsoT % SxFA

F78 #4138 2 1472 B HIYFRG $5dAx

(P<0.05), 2 dA$Fo 50%01422 71842 A8

8F g0 Fste ZAEgo AU,

U, guwd o]gESL 150~1819 WS degUdL Ha T

F Aozt YAy STt 1812 ¥ B A UdE R



g. Az 24HdA e MAAY FETFo 7764%24 F =
oo HA 756%8T Tdow AFo FAEFE FE&F
Fol Zarde ZA2FYE BHAYG. oAy ddF FgFLe AF
o] FNAEFE XY FUse AT Aoy, ARFHFS
At FAQJQ Feol 7t DRd V2 AEFE 7T94% =2
V4 2A YE P G(P<0.05). & FHFS 044~054% H A=
e o

g, FA dHF A wdFE 61.4~808g2 WHAE Bgony
Y FH Aole N2 (P>0.05), A2 HAFY did
e WAHAZFE %Y At AT Roz YdEIWR oW, Sy
TF7b 71 ZAFR Fol vl AA wEAFANAM 23% A= #FA4a@
Rez2 Uegwd. AE AH kgd A4 widFL Ssv 7t
44.4go 2 B Ao Bl R%or(P<0.05), 7N1xAET
7b 51.0g2 2 S27(489g)E A ¥ HFrod gRn
(P<0.05), oA AgF Fels o7 A (P>0.05). At
5 AAFE 7122 & 9d SsF7t 71ExAE T W& A
A WA Fo 13% A= Fa2d Roz2 vegyo.

oh. KgZ A% 9 w2 130~163g 992 dE @RI Ssot
7} 13.0g2 2 1R $ 53 QAR (P<0.05), 4R HaF 7o
E Aol7h AR (P>0.05). ol & diFHo g 50 % uhA st
3 phytase® 500FTU A71g 224 A wjdFo] 12% #Ha
d Ao YEgur.

ol AHYE oS WFHoz 50% WASL MCP &

Al el phytaseE #H7Id o =2M FAHZFo FdFQUol 299 A2 ¥

Ao MAZFS 247 23%, 12% 9 & TS de A,



2. EWe ANxzd AEUW ulAdE phytased I}

T8 g 7122 % A& 9 microbial phytased A 7l7F ol 2 g
Aol AAsdEFA AL 2 U9 AHAFd v L x4A}E
B MAAAF 715gd oz dAYgo 25008l & 54
dHYde Xl 6539 AGHEE AAGAY. A Y
o o] &3 Alse dFY, Mo g 2R SE JAFEA g
12 A& (B)% 712480 phytase 500FTUS #d7t¢ BPT 9,
MCPE 1% #7t® BM,#, MCPE 2% #d7t8 BM:¥, MCP 1% %
phytase 500FTUE FAld H71d BM/PT 2 ¥4 33 vf3 H3Ax
7t Boldw 7tx Foddtd dojA AAE S 2o

7b. 71 2 At & 9l phytase® 71§ BPT £ BT RGO F A Fo %

T AAFHR e FAAH FAA7 AR 2(P>0.05), MCP #H

7t 2 MCP% phytaseE F Al A7 F& FAFo B

2 BPTd 8o sAAHHAG(P<0.05). BMiT 9l phytased

A7bdE BMiPFE FAFAAN FH9xoz MdHA2Y

(P<0.05) BM27 ¢+ zol7F QA G. A58 7 &dAE 712

Abg o] d]l s MCP$® phytaseg #7718 T A 7144 A

7t deweoyd B3 E A A Fdols A7 AR,

B ¥ BPF ZdlE ztel7h iAo,

U, 983 o8 EEL B ¢ BPTZ Z 1.13, 1.248 g 4 ¥

F(145-162)2 % % g2 (P<0.05), BMi7 & 1452 BM:

2 BM,PF¥ 1.628 1t 3 skch(P<0.05).

g. Az 24 e A 8 779%EAN FH HF
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742% 2t ko, AFo FHTFE R F FA2d
A%l ARG, AW wwy FFe ABY K5I
FFol B2FEF Yoy NygFe i FFHe f
e s FEgo AUG.

2. KgZAgd A2 widzke BF7 1187g2 2 713 ®# %2
(P<0.05), BM,, BM2 BMP7} 22 84.0g, 735¢ % 74.6¢g
o2 B ¥ BPFEY HU(P<0.05). Phytased] #H7t2 #H
2 wAdzxEe 11~12% 229 0.

o, KgZ2 A9 < wdzxe BMPF7F 162g22 713 AHAx,
U He 7 (209-228)e & zel st @A™ (P>0.05)
Phytase?] #7[2 Q9o widzke 23% ZA2HAd.

o] 9 ZA i+ microbial phytase 72 A8 W 484 U=

o deaHdds JHd A o g4 HAHPEL RAFAG. o &
2], A2 W MCP9 A7t} B Ao phytaseE #H7t& o Argd F&1

Ao gL 2T £F0l WINBSE gAY o) FrEH 2

b

2 A9 o]BAE] MHH] FF o2 HAHE o] Fd=<
Aoz veggd. a8y nAdE A 2HELY S FAdA
2EFH 7HFE AXNA %7 dEC VNxART AFTH] A
z28A deud dAzdsddMd Jd 2HES: HMAFA RE A=
Fol Aojeokd Hez HAG.
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N3zt S dEAMEY OEOAS
SIERER

AEL FZ2Y ofuixd A T V5o z A& FdAR
W Fd T84 dyAILo24 o & PG (NRC, 1983). 2384 9
o 713 vAdY, FdE Fo9¢ W2 a2 4A4Fe A
A9 APoltd(Rumsey, 1993). 3t A ol g o £ A& 4o o
E FAHLL offo F/HHFAT Ydve L A FFo U, FUA
AHEEHE oo A FFL 25~35%2A4 oFd J aFFRG ¥

Fo(H 5, 1996¢c). oAAEY ofHE oFozRE FHL
P Ay FA=2 3 2 ol§MHo]l T3] Yol AFFUHE A9
& HAHA 9. oFA WiEEHE AL FFAA FEsHg R

g FEAE Helng. oln AAAHez EFd dE B4
2z A AFFHA A FHLFEE Fo7 A% A+ A
&5 31 Ed(Coweyst Cho, 1991), 2 FoME 53 A9 FF &
&7 71F 2e BAHLE fF2stn 2o (Hardy 5, 1993; Jacobsen®
Borresen, 1995; Cain® Garling, 1995). o] 23 2 @92 a9 wd3FL
Eo71NE WAooz A9 FFo] ¥ d8AE EE U9 °o8&A

°of ¥2 €98 T Ad HMA HHAL Tol A2 A FFS T

ArEW A FFE Fo7] A ARBFES A AN o

e dAFde ol gl @E AFd HAFAGH F2HA gotok @
.08 AAMME AETF obuixAt Ao 3 1T AH] H
old YEBARE FRFo e, JEH0] BoAE 424 ¢
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g9+ g3 oFFZ9 A (fish protein concentrate)olydt 3§
(steam-dried blood meal)o] °]&7l5 & Y982 dFHIT JYo. o
Frisodae oAdRMERZAN NFRAELE o &so Az
dEol g Ae] o] & Fo] $FFH FAA FAP ofuxe 9
7120 MAED, AFANY HFAANAN A2 ELS A AHY
2o Ao Faol ¥ A9 FHFL ofF QA HFAH FHS
A d ot (Bouchez9t Azzi, 1991). A F 5 S oW AL o L AAYH
A7 ZHe 2713322 AAAN o &5 A=l (Jenkins F, 1982), H 2
Aol x71ALE o A e a o] & A o] A 2= A (Bergest
Storebakken, 1996). 28y A d7tA e Fot AsdW HAFLS 5%
otz AFHL Y. HEL TZHAUAEZAN oFsca Ay v
BAA R @A Ao $FEH A FFol Lol ofF MY
22X 7hA 7 Aok, Luzier 5(1995)2 F 7] FojrAragu FE 9
g o FEHA dAe 424 QA A Fg Ao &I
g4 Basdog. 32, & 5(1995)2 Yo & AU oi o HE
g dAddAH 5SS BRagoy, 2 Ao YR v AgEY
o]gFFEL AF Yo,

M2 49 174 2044 dhFete] oJ&dA FEo FE 3 S
A4 gy PAE AQEHALY H7be 712AE Fo v&d F
AAA 43 L a9 Q9 o g g AHEXE YEIUWY e
U, o8l Ade T REHLE 72AEFY FA9 3 AP B
AFAdd 71dsn Aok, £33 HAFe AMEFH YYD @R
Rt xFZAAY gBdFAF(KimT, 1995 A3 7, 1995)0] ® @ A
a4y Ao uwjdFo] 433 AUERed, 2R3 nA4E A Fsl

a2 JARde A8 dPYAMEF d2EF

r

7bEel ofd Ao



2 AEHU7 A AP 2 4 Aok B AFe ARy

w2

Poz®e fdst vuAe 25% 2 50%E olwrEuNAR

2oz G qAFd ANEE FAAEREE AxEF 3o 9

2

HAT 2@y sdd e $BH vUy FAY RPN AHE
ZARR(AY D, ABAES AAAEY 2UEES WITdn ALY
2) #4Act.



lLolSssaud 2 829 A2AAEAEE 1)

b, AdEE, 2808 2 4844

AYE 22 HF 203*044g(meant SD)Y ol 22 d o
o) (Cyprinus carpio) 70008l & At &3 deon, Zddda F4d3
Zaes & oFAdFATFAAA 1083 HENTE AJF 6F
ZAFAE S AAGRATG. dPAEe BHAE 25%E HARHE 7
ZAER,AFFZSEAA(FPOIZAN ooz 948 ¢ FE S 25%
2 50% WA} FPCos R FPCso A2 2832 E(BM)L 2 A 25%
2 50% dAT BMzs € BMs AHE 5F 0. o283 o7 sa
Wy 2 ¥R ey FHF 9P vgz dAFAYG. EFE
AP AR Wenger Extruder X-185(photo-2)8 o] £33 o R AA=R
2 Az}Aey, 288 74 2 stdH =42 Table 3-19)
deEd vt 2. 54 29B o 2(700 /M E) dAYge] AR
=

Y. AR
T@AFHY AFFA g FAL A2FAAH Hed vt P
dom, #2& d APV FL 26~28T 9 A2 FAAUG. 2
ol At MNE2E dFde7 42 F AR FHdHE F A
28 AT 10/ deoed, AYolFe AFx & HEo ot
2o Aoz wAsA FUd. FFAHEE 4 334 10:00
13:00 2 16:00¢] w3 MA=7 BojAdd7A FA4GA.



A2ZdA Aed vt 2.

2. Ay

APdAE L oAl A E(Table 3-1) € B9 FAH
FAL A2%d Aed@ vt GG, 4Add MAA 1578 Z
FTEAMN BEF Sutge] Yol g JAZ HfHASTFE ST EHNE o
€& FHd3d T 4&F F 20gB=E AN8E HHA E24H o &3
Aok, AAE Y obrx A B4 &(Table 3-2) Al8& 1g& 6N HCIZ 105
CTol X 24412 7t &8 & b g PITC(Phenylisothiocyanate) & & A
Aoz wEAA HAs FAHAY o9& HPLC(Waters, USA)Z
AFdAG.



Table 3-1. Composition of the experimental diets

Ingredient(%) Dt

Basal FPCx FPCso BM BMso
Brown fish meal 25.0 180 125 185 125
Fish protein conc. - 58 115 - -
Blood meal - - - 5.0 95
Wheat flour 19.1 19.0 20.1 216 23.7
Soybean meal 480 493 480 410 464
Fish oil 50 5.0 50 50 50
MCP' 15 15 15 15 15
P-free vit.min.mix’ 14 14 14 14 14
Chemical composition(%)
Moisture 11.19 1352 9.66 14.33 1308
C. protein® 45.29 47.11 45.87 47.33 46.18
C. fat® 9.02 9.83 993 850 7.2
C. ash’® 9.33 864 801 863 7.87
TCHO* 36.36 34.42 36.19 3554 35.69
ca’ 2.06 200 220 231 1.98
P 151 1.43 1.15 1.40 1.30
G. energy(l/g)’ 490.00 4999 501.19 49325 48301

'Monocalcium phosphate, Cefkaphos®, BASF, Germany.

*Supplied the following amounts per kilogram of diet : vitamin A, 40,000 IU; vitamin Dy 8000 IU:
vitamin E, 80 mg: thiamin, 16 mg: riboflavin, 24 mg: pyridoxine, 16 mg; vitamin B2, 0.16 mg: pantothenic
acid, 56 mg niacin, 120 mg biotin, 1.33 mg vitamin C, 80 mg choline, 750 mg; Mg, 240 mg; Mn, 60 mg:
Zn, 120 ng: Fe, 84 mg Cu, 24 mgs Se, 012 mgs Co, 39 mg: |, 6 me

*e/100g DM.

*TCHO = fiber + nitrogen free extracts

®Calculated based on the energy content of protein, fat and TCHO being 564, 944 and 4.11 kd/g,
respectively.

...37.._



Table 3-2. Amino acid composition of the experimental diets(g/100g DM)

Amino acid Basal FPCss FPCso BMas BMsx
Asp 332 3.86 3.55 3.69 430
Glu 6.93 6.90 7.08 6.44 7.65
Ser 194 2.00 131 191 222
Gly 2.15 2.22 221 2.02 2.14
His 1.27 1.21 1.12 1.36 1.63
Arg 2.43 240 217 2.16 2.35
Thr 1.80 1.85 1.77 1.89 2.06
Ala 2.28 2.217 2.09 2.18 2.46
Pro 2.39 2.34 2.21 2.27 2.26
Tyr 1.21 1.23 1.09 1.10 1.22
Val 1.60 1.71 1.52 1.74 2.10
Met 0.76 0.82 0.67 0.71 093
Cys 0.22 0.26 0.20 0.13 0.14
Ileu 1.35 1.53 1.40 1.33 1.27
Leu 254 257 2.30 257 3.10
Phe 1.68 1.76 1.58 1.74 2.05
Lys 2.78 273 2.50 2.67 3.20

2. ABARGY HAE R oUE ¥ R(AY 2)

7. 4858, 4948 2 AF4A
H4YFE2E 6521079z (mean*SD)9 ol 2dd Yo
(Cyprinus carpio) 480vt 2] & At &3 onf, 10439 HEE7E A
AF 4FT AFAELE A8 AdAEE ABAE 3F 7 (EP
Al #)9% Wenger Extruder X-1858% o/ #3 o Azxd 3%3F9 44
Al & (Table 3-3) F 6% ol Ath. 643 298 o2 (400 2/ %) &3
d o wiA3AG.



SRR
A9 1o AE @ 9 SAF Y.
9. zAgE

A2 Aegd v} Zoko.

Table 3-3. Composition of the experimental diets

. Diet
Ingredient(%6) N 3 C 5 B =
Brown fishmeal 13.00 1000 1250
Fish protein conc. - 5.00 11.50
Soybean meal 53.00 48.00 48.00
Wheat flour 27.00 28.78 20.08
Sardine oil 5.00 5.00 5.00
P-free vitmin. mix!  ———— closed 0.90 1.20 1.40
Antioxidant 0.02 0.02 0.02
MCP! 1.00 2.00 150
Mold inhibitor 0.07 - ~
Natuphos®5000‘ 0.01 - -
Total 10000 10000 10000 10000 10000 100.00

Chemical composition{ %)

Moisture 8.8 73 10.8 123 127 109
C. protein’ 44.0 433 423 430 400 46.2
C. fat' 7.9 7.1 75 89 96 104
C. ash’ 9.8 9.1 7.3 7.3 76 79
TCHO! 383 405 429 408 428 355
Ca' 2.30 2.27 1.50 155 151 1.71
| 1.72 143 1.17 114 135 1.32
G. energy(icl/g)’ 4801 4777 4857 4942 4921 504.6

'Refer to Table 3-1.

I SRS
AdrAs 2 A dwA L (Table 3-3) ¥ 279 FA43F
TYE A2 B v FLRAG. AP AANA 1578 2
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Zg Ao wEQ sude dojE gz HHEE STRYNE o
£ AHstg BT HeF o 20gWEY NEE Hdd BAHo o &3
A e
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lL.oFsSuwa 2 d88y oqEgAEAMAEAE D
.24 2 AR SRS

AgAEE Table 3-1cl4 RE& neg o] AENF
Z9Md $F S 453~473% WolE Molm Yoo, ALE 85~
9.9%, 9 BFL 12~15%9 HAE Uiz A, w55 v
A(FPC)Z Z Moo BMAL 50%chA ¢ FPCsorb27h A(P) ¥
ol 115%2 743 2A dewo. G #3L 0.67%(FPCso)ol
A 093%(BMso)dl M s Hgon, golde& 250%(FPCseol Al
3.20% (BMso)8l WAE ugtd, 229 Hriugo E%d BMs
FAH HAZ EA et (Table 3-2).

Al A FE ol Al FPCasT7F 208g2 2 FPCs7 194gi t} +# ¢
Moz ERoU(P<005), e T BlE Aol AN PAR
2 677 Fd@ An ZHMBAA FPCsoF % BMysF 7+ 22 38.3g
2 390g2E BMs7(319g)8t foHeoz2 434924 (P0.05),
NZAET 2 FPCxs7 9T A7 AN, 712428+, FPCos7 %
BMs7® T E AAol7F YA (P>005). AsHHAZFAMN= 347~
362g2 % Aot UG, ARLFEANE ZATAN deyg 2
%9 o]l FPCso+ 9 BMaxsT7F 242z 091 2 09322 BMset(1.13)
2k S48 UEkou(P<005), 12AETF % FPCusF e #
o7t YT, 12AETF, FPCs? 2 BMs? oIS #Hol7t 9o
(P>0.05). 44 A4ZAFDGNAME FPCso 7 BMoas77F 2z 2.79
2 2782 BMsT(238)Rtk 534924 (P<0.05), 71248 F %
FPCous7 & #ol7b 901, 71248 F, FPCs? 2 BMso? ol &
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Zol 7k ARXAR(P>0.05). ddA=HHAE(DFRIAAE  BMsT 7t
269% 2 FPCso7 237% B o ¥ 24 (P<0.05), Yr A AHgF
Aol AU,

o

Table 3-4. Growth and feed utilization of fish fed the experimental diets

. for 6 weeks

Diet Initial wt. Wt gain  Fintake DG DFR’

g/fish /fish & DM/fish % %
Basal 20.4% 344 U7 101% 253° 247
FPCs 208 B 35.8 1.00% 260°° 254®
FPCso 19.4° B3 347 0.91° 279 2.37°
BMs» 204" 39.0° 36.2 093" 278 252°°
BMso 206 31.9° 36.0 113 238" 269
sem’ 0.49 1.94 0.92 0.06 0.11 0.09

'Feed conversion ratio = dry feed intake/wet wt. gain.
Daily growth index = 100{(final wt.)® -~ (initial wt.)*}/feeding days.

3Daily feeding rate = (feed intake/42) x 100/[(initial wt. + final wt.)/2}.
Standard error of means.
**Values(means of two replicates) in the same column not sharing a common superscript letter are

significantly different(P<0.05); ns = nonsignificant,

AREFEYA(FPCIZAN o2 FFdc @¥dS o

¢

Ase 2

flo

ZAZ 2 ARLTFE 2 dIAAANFS 22 HAF

o g MHEIAE A9 e Ao Yegygon, Fo 2 A o

Powd g 50% oM (BMso) 2% 25% WAl RBMpIRG A=

SEd RE HE U dUA o8& o FARY A JJE R
=

AEAAM 50% o 2e AN A ot F&EFE Z
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4. Azxd 24

Table 3-59l& 720l 2 AP ARFAD odFg Az
2 24E YEHUAG. AN FRFFL 772% 2 BMxst RO
ARz A JeER2Y(P<0.05), Yo A3 el 753~
772% 2 o7 AAH(P>0.05). MFol F718F2 F8FHFo] Z
o] £Ett& X i (Gerking, 1955, Brown, 1957)9t& Aoj g Axdg u
BUdeoyd ¥ Fide A4S deawd. o9 d 32 A9
7t 13.8% 2 FPCso7(14.8%)E ot 22 (P<0.05) & HFHF%E
abol 7k et YA & ttH(P>0.05). AEFFLE MM 40%2 7%
AR TF(4.9%)8 A4E B AJFRO R} on(P<0.05), FPCos,
FPCso ¥ BMzxs7 7t Z+Zt 59%, 60% % 6.1% 2 BMs+ S A 9@
g A PR A YR od(P<0.05).

Table 3-5. Whole body composition of fish fed the experimental diets

for 6 weeks

Diet Moisture Protein Fat Ash Ca P

Basal 7631054® 1441031 491+047°  24+019° 08+0.06™  0.48+0.04™
FPCxs 7571032° 146017 59%014° 2.3+0.10° 08+0.03 0.47£0.01
FPCso 75810.25® 148%008  6.0+0.34° 22+0.04° 0.8+0.02 0.46+0.02
BMz 7532013  1462004® 6.1:0.16° 23+003° 0.8+0.03 0.44+0.01
BMso 7671081 147017 56020 22+0.10° 08%0.02 0.46+0.01
Initial 712+0077 138+017°  4.0%0.15 26033 0.9%0.07 054+0.05

*2Values(means + SE of two replicates) in the same column not sharing a common superscript letter
are significant different(P<0.05); ns = nonsignificant.

JEFTFE MA7 26%=2 B HFFEog 24 dege
o (P<0.05), Y®A HFPF P 22~24%2 zeol7t A



(P>0.05). Z&HTFL& MA 09%, AT 08%E o7 AL
o, 2 FJE 044~054%F 2ol 7} A ATH(P>0.05). o & & AA L
AW ¢ FFEe A AP 04~05%2H FAHFeoez g9 F
o=z HFAEYE B u(Lall, 1991; #H, 1994; # 3 A, 1994; A
A, 1995 Kim %, 1995)% d A+ A& JdetuAdo.

Table 3-6. Nitrogen(N) utilization of fish fed the experimental diets for 6 weeks

Diet N intake PER! N gain  NRE’ N excretion
&/fish g/fish % &/ks wt.gain
Basal 2.51° 2.19° 0.81° 32.1% 49.8°
FPCxs 2.70° 213" 087 322> 50.9"
FPCs 2.5 2.40° 0.94° 36.8° 42.0°
BMas 274 228 0.94° 34.2% 46.4°
BMx 2.66™ 1.92° 0.78° 29.2° 59.2°
sem 0.07 0.11 0.05 1.63 414

'Protein efficiency ratio = weight gain/protein intake.
2Nilrogen retention efficiency = N gain/N intake x 100.
*b¢Values(means of two replicates) in the same column not sharing a common superscript letter are

significantly different(P<0.05).

.24 2 d9 X5 wHdF
Ax ojgagd WHME Table 3-691 Yet A, 22
HHAZFL BMxs7 7 2.74g2 2 71 2 A8 F(2.51g) ¥ FPCso7 (2.55g)
o g% oeu(P<0.05 dwAR AP e ez AddH
(P>0.05). FPC2 ¥ BM2x»s77F A2 AFHFo A degd AL A
s zdWF gFol A 47.1% B 473% =2 € ‘A}iy_t} a4

Aol 717 Aoz Holw AL MHPyFL AU dwAd &z



Bl yer Friste Ao vewd., @A o § & (PER)2
FPCso ¥ BM2s7 7 2tz 240 2 2282 BMs7(1.92)2t £+ 8%
2 U4 (P<0.05), A A7 zAojst (AR TF(P>0.05). BMsoT
7l BMassTEYG Agd AL P oadAde o Ea g0 ¥ A
71998 Ao 2 BAG,

AA Z7E(N gain)® FPCso € BMasT7F 094go 2 712
AbE F(0.81g) 2 BMsoT (0.78g)2 t # %t 21 (P<0.05) FPC25(0.87g)
F4E Ao AN, VXARTF, FPCas @ BMsoe? el e 2ol 7t
AN F(P>0.05). F2%HEE&(NRE)S FPCsoF 7} 36.8% 2
BM:s(34.2%)% A 9§ g AJFro $58%1(P<0.05), BMasT
7t 29.2% 2 7)2AbE F(32.1%) 2 FPCsT(32.2%)8 A & A
g 7Eg Az AH(P<0.05). T4 kg? FA WA FES BMset 7t
59.2g2 2 FPC2(50.9g) B 71248 7(498g)% A& & HaFr
o 2o (P<0.05), HHA HagF Zde Aoz fdeny
(P>0.05) FPCx#7 420go2 waAdoz 24 duwo. =
FPCso7 7} 42.0g2 2 H 3 BMs7 & A g XN F9gv zol7t
dReoeyd dFssande o858 H AR Ay AFF Table
3-1914 B E ulo} o] 5012kd/go 2 EXTE Ao dudd AL
2 32FH9, A2 AdFd Ay gwd @ dyAEFIg A
ZaA daidE FAHA @77 olHAG & Ao BIYG,

AHAEE 65 F9F oAF 9 A ol & & &L Table 3-7
o Yeuldc. ¢ H3FHB(P intake)E 7 ZAIEF, FPCxs7? %
BMasF7F Z+rzt 052g 2 051ge 2 g Az Fod vl gy
(P<0.05), BMso7 7} 047g2 2 ¢ A Ag+ro AHAR(P05),

FPCso7*7b 04ge 2 713 HAT(P<0.05). 71Z2 A& F, FPCxs R



BMa77F 8 AH Pl %@ A Table 3-1414 & F A X &
Abg o < 3ol 2t 151%, 1.43% ¥ 140% 2 E AERO B %

d Ao 7idE Reg FHEG.

Table 3-7. Phosphorus(P) utilization of fish fed the experimental diets

for 6 weeks

Diet P intake P gain PRE' P excretion
g/fish g/fish % g/’kg wt. gain

Basal 0.52* 0.15* 29.2°° 10.8°

FPCs 051° 0.15° 30.1* 10.0%

FPCso 0.40° 013 33.0° 70°

BMz 0.51° 0.15° 29.8° 9.2°

BMso 047 013 279 106°

sem 0.01 0.01 1.70 0.80

'Phosphorus retention efficiency = P gain/P intake x 100.
2%V alues(means of two replicates) in the same column not sharing a common superscript letter are

significant different(P<0.05).

Ql Z 72 (P gain)2 71 2A8F, FPCzs ¥ BMas+7F 0.15¢g
o2 g HNAFrg #B%on(P<0.05), FPCse ¥ BMso7 7b 0.13g2
e} el Foll "l Y (P<005). o FaAE%x A3 F v s

uﬂ .

BMso7 279% 82t fF Aoz ¥oy(P<0.05), oAl AT

Sl

=
oq F7hsded o THE dEARU & o8 Mol HRIFAL
R

d Aog FZdEY. Q) 45 8(PRE)S FPCso7 7 33.0%

fu

)

o = ozt YA (P>005). T4 ke < widFL FPCsoT 7t
70g2 2 73 H A9 (P<0.05), BMxsT7F 92g2 2 5 WAz 9
A YdEbw o (P<0.05) FPCxsF(10.0g)tE aoj 7k A A (P>0.05)

71 2A 8 F 2 BMso77b 42 108g 2 106g2 2 FPCoxs7 9 o &



o B Ao EA YERT(P<005). 1 2ALTFAN JE T
1g Yroz 25% UAY AF A WAFEe 108gNH 92g0 2
S9Hoz Fraddod dASFol 50%2 /4 A 106g0 =
AzNETFS $A8 £Fo2 wolAo. wed Yroz o w
WAg HASE £EL 50% o2 e ol HYFY Ao B
o,

R EENCE T L
kgD A2 MAFAE Aol Gdom, A& WA
oA, ewYe wge ZAYOLA 5P HEo
g9 Mol dME oFFFVUAIA o¥om
g 50%74A AAFLZA A MHFL 5RAA %
2 4+ AdYen, Yoz oProWAL 25% UAE AH A WA
Fe o 15%7HA $E 4 Ax Aoz vERd. Bad Gl
JEHT ¥ 524 wuwa FFLo2A B e GASGVA AR
oAy, gmde] wEe 2% HLFARE AxsE Bol
s oz melw, i WAL ol ANAE FAHQ

A7 smerord el
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2. ANBAEdd AF R 28 ¥a(AF 2)

. Z2A, MEaTE 2 guWE oLES

Table 3-3dl 4 Bt et o] APA A ABAE A
B ¥ CAEE: z29wWd §3o 22 AEBs/Fos 440, 433 2
423% =2 JvElxton, D, E ¥ FAIRE & 430, 400% % 462% & 4
Btk 9 $2e ANWAE A L B 1.72% 2 143% 2 g AE
B ¥A deRon, o9 AdAL oo AgBo] BgW Aoz
235tu, ole AYANE D, E 2 FARSY ZA$ zBMoRe
13%, 10% 2 125% Al €332 MCPE &2 1.0%, 20% 2 15% #H
A@ A RN PGB 7.3%, 76% L 79%Ad ¥l A T B
NBAdre HERTE 98% L 9.1%T AUHoZ & RAA &
2% 4 Qo.

Table 3-8ol & AFFA A S detuded otaF AEHAH
FAMNE ABSETUYAFPCIE 115% B§8 AR(F) Fo 77
40.1ge 2 713 H A 2(p<0.05), AALE FA9F7 475g22 73 &
2 HRo =2 JElW o9 (p<0.05), B HIF Zde Ao g
(p>0.05). TAFAMNE FAR %ﬂ??k 450g2.2 7t S+ AT
(p<0.05). A € EAls Fo9F7F &+ 42.0g, 416g2 2 B, C 2 DAt
2 FoF 380~389go ¥l $4+8A YERo(p<005 B, C
DAFE § o7& 380~389g22 oF e ezt vetyA ¥t
t} (p>0.05).

AsHAR(AET)/EARo2 ENG AELTE(FCRAA
© FPCE ¥ # % FAlE F97F7 0892 € AAsddFRg $+3

A(p<0.05) Yetdeoen, A,B,C % DAIE F9F ZLole A7t o



AH(p>0.05). EALE FdFE 1052 A, B 2 CAg 34729 %
#3849 24(p<0.05), DAE FAF(LINGE HFdaA71 AAG
(p>0.05). FAFE S A% AHdAFl 401gez 7t wF¢dd
st ZF A Fo] 450g2 8 7HA 534 ArLTF &0 0892 #49
Hog $4384A et FAE F9 37 BAlE 9 7RG A=
8780 43 AAdAN UG @71 YA2F Table 3-3d4 R
%ol FAE Y oluvx dFo] 5046kd/goZ EBAIR viasf FdHAHL

2 g9 A& E F AE AolH.

Table 3-8 Growth and feed utilization of fish fed the experimental and

commercial diets for 4 weeks

Dieg  [nitial wt. Wt gain  F.intake o, DGI* DFR’
2/fish &/fish & DM /fish % %
A 64.6™ 42.0° 475" 113 2.60°° 1.98°
B 65.1 38.0° 438" 1.15% 2.37° 1.86°
C 65.1 38.4° 436° 1.14° 2.39° 1.85°
D 65.6 389° 42.6° 1.10°® 2.41° 1.79°
E 65.8 41.6° 439" 1.05° 255 1.81°
F 65.1 45.0° 40.1° 0.89° 2.74° 1.63°
sem’ 0.93 1.07 0.88 0.03 0.07 0.04

'Feed conversion ratio = dry feed intake/wet wt. gain.

*Daily growth index = 100{(final wt.)" - (initial wt.)*)/feeding days.

*Daily feeding rate = (feed intake/42)x100/{(initial body wt.+final body wt.)/2}).

Standard error of means.

*b<yalues (means of duplicate groups) in the same column not sharing a common superscript letter

are significantly different(P<0.05); ns = nonsignificant.

dd4FAF(DGHE FARE 9 F7 2742 AAXlE 99 F

(260)8t #2A AF 534 dE et (p<0.05), ALt F4F 2R

..49..



EAlE 89 7255 = el de A F*(p>0.05), o o9
g A7 Fods Aol YA (p>0.05). ¥YAEAHS(DFR)AA
T AMNE F977 198%2 71 #e Aoz YgR R(p<0.05), F
Al AHES 163%2 71 RA UdE W 29 (p<0.05), YA A
F ele Aozt A TH(p>0.05).

Y. Axz x

ox

ol F9o A=3F ZAHLE Table 3-99] Yet g, 8§
Me AANE 4977 7159%E 7HR =20 (p<0.05), FAR 9
77 754%2 5 WA wA YERo(p<005). EAAR Fo T
732% 2 7t @A JdE W o (p<0.05), M+ A4 s} EF
@ AN fden, AT FAYSE £RUBol BFawgr
U vt A A} A (Gerking, 1955; Brown, 1957)3 &= Aol & AARE 4
g W A .

Table-3-9. Whole body composition of carp fed the experimental diets

for 4 weeks

Diet Moisture Protein Fat Ash Ca P

759£0.10° 153+008° 59+028% 22+004™ 090+0.03 047%002%
7441029° 146+007° 68*0.12° 24*+008 096+0.04™ 045+001°
743%+0.13° 150+022° 64%+0.10° 24%0.13 084*+003° 049+0.04%
746+0.16° 153*0.13" 69+0.14° 24%011 102+ 0.04* 0.43+0.02°
732%0.11° 152+016° 731024 26009 1.00+0.06" 047+001°

m ® Y oW »

754%+0.11° 149%0.10® 58+0.05" 25%011 105+002° 052+0.01°

Initial 7441003 151%0.11° 724013 23*024 080001 050+0.03"

*bedyalues(means * SE of two replicates) in the same column not sharing a common superscript letter

.are signiﬁcanﬁy different(P<0.05); ns = nonsignificant.



99d e BAE TATF/ 146%2 FAER ZAT
(14.9%)2 AF B ASFFuc A e o}(p<0.05), &
Ag FA9F 2 RN DelE 149~153% =2 el Ao
(p>005). AL BFe AAol7t 72%A%L B, D 2 EAR Fof T
27t 68%, 69% 2 73%E o AERTAFEG A dewou
(p<0.05), o/ 5 HeAFelt o7 AATH(p>0.05). FAHE T T
7 58%2 ANE FoT(59%)% M@ ¥ AdTmo 2A de
%% o (p<0.05).

Table 3-10. Nitrogen(N) utilization of fish fed the experimental diets

for 4 weeks

Diet N intake PER! N gain NRE? N excretion
e g/fish g/fish % g/ke wt. gain

A 3.35° 2.01° 1.06° 31.6™ 54.6%

B 3.03° 2.01° 084 21T 57.6°

C 295> 2.09° 0.92> 31.1% 52.9%°

D 2.93% 2.12° 0.98%° 33.4% 50.3°

E 2.80° 2.38° 1.03*® 36.9° 42.5°

F 2.96" 2.43" 1.06 35.7%° 42.4°

sem 0.06 0.06 0.05 1.86 257

'"Protein efficiency ratio = weight gain/protein intake.
2Nitrogen retention efficiency = N gain/N intake x 100.

aedyalues(means of two replicates) in the same column not sharing a common superscript letter are
significantly different(P<0.05).

JraadrEs MAdE EF A HA TN 22~26%
of Wz ol AAT(p>0.05). THETFBE CAE ToAFs

084%2 A, B, CAHZ 7 2 AN E AT & APFue
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A e o4 (p<005) Z¥AE UEuUA Bk A FFL FAR
FAF7 052%2 D % EAE F947Ed 8%244(p<0.05), 4o
A AeFgels Aozt AATHP>0.05). AAHes ¥ o I ¥
£ 045~052%9 WHAE2 duRT. dHE Ade dAW A B
& 4A AT 04~05%2H YUHoz dYE $Ee2 £A8
94+ H 31 (Watanabe &, 1987; Lall, 199>1; A, 1994; A3 A, 1994;
A3 4, 1995 Kim 5, 1995)% A st A% YA,

.32 2 A FHEEH] LT

Table 3-1091 M= A24AF, e8P o] 828 (PER), &
ZAY, 225 Y EE(NRE) € kT AT A2uAdZFe et o,
Aa2HdHFANM AAE FAF7t 335ge2 71 =A JdET%oq
(p<0.05), BAlE 39 F+ 3.03ge2 C,D ¥ FAE F49F%4E #
o] 7} YA IL(p>0.05), EAlE FAT7 280gez 73 A duayw
2 3 (p<0.05), C ¥ DAE FdFg%+= o7t v A &
(p>0.05). At W dWAd FFo] BEVNF2Z 4.0%UY AAs F
qFAAN AAL2HdHZ HF =4 ‘b}E}% RE, WEAER AHHFo
475g2 2 13 wA YdeEd Ad 7dd Aoz BIdG.

gGwld o]fAEL FAIE F9 77 24322 EAlR 349 7F
2383 A B AR FHFRTU £F(p<0.05) 22 UEgWey
B AlE S 947 E 201~2139 HHAZ 27 AA DG (p>0.05). E R
F AlE 979 dwad ogiago] 53 A2 7184 o
F52YWEQ FPCY #H7d 7198 Aoz wBAG. sa®g A
Z7+%2& A,D,E 2 FAE 4977 098~1.06g9 ¥A=2 AT
& Aol 990w (p>008), BALE FelFIh 08402 CAR B ol
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7 092g2 MY & AR FToTFro 2oh(p<0.05).

A42%2E2S(NRE)2 EAg 9 F7 369% =2 F(35.7%)
% DAE F9F(334%)2 ALY B A= FATEG S5
o (p<0.05), BAlE8 FAFE 27.7%2 ABl16%) ¥ CAls 39+
(31.1%)sh W 2o RA JYewon, 4 HaF Bde Aot AN
o (p>0.05). 24 ke@ A4 wMHBL BAR F 77 576g2 2 D,
E 2 FAZ 3A7RYG #9802 24 Ueion(p<005), E 2
FALE 77 242 4255 2 424go 2 & A Pug $o44oz
WSt TH(p<0.05). O AE A2 2WEgY AMEAFA 7P Rez
Bolo, Atg Wy dyd=x ggFoAH FAR(504.6k/g)B FRAAT &
W o) FuUHoz By WE FA WML Hedoz
2w Roz 29, ¥W, A, B L CAEE ©uwd gIFe D
AR wxsAoy Folua FFo) 477~485k/ge 2 D % EA
2uT wol a2 wWATo BUYW Hoz HAYG. A2y AW 2
e Qe MARE Z/AANE ARLTFE MMl A%
$HHA RezH, FARS A% AT 0892 7% $4%
dutek AbRW ww A Aol WAL B2 WAT HNyF3F
g we Ass myo.

AYARE 45T FAY oFe A o LEEE Table
3-110) et 9 A B ANE B T2 08202 7% B
gt oo (p<0.05), BAlE 59 F7 063g, EAFE 9 F7F 059g &2
2 fFoHoz A} (p<0.05). DAIE Fd9F = 049ge 2 CAlE F
q F(051g)8 AY g AMsddFEG HAR(p<0.05). vtaF <
Z 7} 2 (g/fish) FAIE o9 F7F 024go 2 713 @ %29 (p<0.05),

Uz Ag Fo94FE 012~0.18g9 H A2 A7 2ol AN



o (p>0.05).

Table 3-11. Phosphorus(P) utilization of fish fed the experimental diets

for 4 weeks

Diet P intake P gain PRE! P excretion

g/fish g/fish % &’ks wt. gain
A 0.82° 0.17° 21.1° 15.4°
B 0.63" 0.13° 21.3° 13.0°
C 051% 0.18° 35.7* 85
D 0.49° 0.12° 25.0% 9.4°
E 0.59¢ 0.17° 28.8* 10.2°
F 0.53° 0.24° 455 6.4°
sem 0.01 0.02 452 0.89

'Phosphorus retention efficiency = P gain/P intake x 100.
*bedeyalues(means of two replicates) in the same column not sharing a common superscript letter

are significantly different(P<0.05).

Y %4 A8(PRE)S FAE F9 37 455% 2 CAlE § 9
T(35.7%) & xﬂ%}f& g AEgdd7rd fFdFHeoz Fgkowq
(p<0.05), CAtE B4 7& A 2 BAE FAFug fadxoz 3%
o U D(25.0%) 2 EALE Fo F(288%)%E o7 AT (p>0.05).
A, B D ¥ EA8 F93FE 211~288%=2 o7t AR (p>0.05)
ZA kgd U wiHdB(g)e FAIE FA9F7F 64go 2 CAE 9T
85gE AT e ABFAFERIG FdHog HYow (p<0.05), A
AFE 89 F 7 154g2e 2 b3 B A UdE RO (p<0.05). BAlERE I 9
TE 13.0ge2 5 wA=Z 2A Yo (p<0.05), C, D 2 EAE
FAFE 85~102g2 2 A FH Aol ARG (p>0.05). FAE F
o Fof A Q wjAdFo Y& AL A FAFH A FHEE #Idd

AA% AEaTFeAAd B AR FAPug $48 RAA s



232 FHAY. A4 AP AN B o FAR F47F7 24
S ey 98 F o] B AlgROd Fdd A
of 7ZIv® Aoz woHy, A AP A C 2 DMHEEYG F
AFFLE XA A AT FIHoE HYD AL 488 TE
of 43 AlE Y AR R " A9 ol & 4o FUAD AR
A2 o
Aage Aol Me A A o84 AES} dRA
gY o FF 2AG WP EE ¢ & A D, E € FARS
ol &7t e Y FFS AMNT AF} 7 031%, 054% H 048% = Y
gy, FAAE 979 2% DARI Asgd AT 1.14% =
FAHE 132% 2 2ddd wvts) ddioeg FA kgB A whAd ko
B (94g vs 64g)H S ol &7t5 A FFol DALE Y 031%ETG F
AR 048% 2 ol BRY AHAFH AAE LT &0 $FEAY RA
710" Rez2 BAG., &8, EASY Ae AEYW F2d FFL
135% 2 FAP®E(1.32%)9 Bl &3t d 2y MCP 05%9 713712 ¢
gt o] &7t F Aol 054%2 A 8 FF ooz FREHIAY AR
87 & FAR Fd72t duydoz Az A AHddAN 71
g Aog B2Ad. 28y Atgd ddA §F L ArLFE T

2 895 982 £ U= HAojrz & AL vHIE I



A4 H2 2 Ae

1.ofssdad g 59 ofddAazAMAEE 1)
AR U #§Zeo & FEAH A FTIFL22AH AdFF
% o 9 A (fish protein concentrate; FPC)3 & £ (blood meal; BM)2
2 A
371 Y9stdqd AAAF 203+044g(meantSD)Y oA g d Ao

PN

o2 g HAdezM 2982 WHEZF] F2rdeA 4FE

(Israeli strain of common carp; Cyprinus carpio) 7009} 2] & A} & 3
o 63 AFAEE HAGAYG. dFAEE S5FTFHFEA AR
5% % HF AAEE 7IZABETFE F I FPCEAM ooz 33
He 993 25%(FPCx) 2 50%(FPCs) Wi @& A3 BMoz
25% (BMzs) 2 50%(BMso) WA @& ALRE o] &3 EPZ AMx@F
542 2wE o2 (70vte/WHE) dAYY XA P A o
=34 2.
7t. 24 %L FPCso™ S BMas77b Z 2z 383g 2 390ge 2
BMso7(319g)Btt 439 24(P<005) 7xAE7F 9
FPCysT 9 #ol7b UAR, 71ZAEF, FPCis % BMsoT
A= zol7t AAR(P>005). A58 FEAAMT T A Fo
A 9k ol FPCso79 BM277F &z 091 ¥ 09322
BMse7(1.13)2 o S8 A eyt e (P<005), 712A 8T
® FPCxs7oe A7t dAR 712AEF, FPCxsv ¥
BMso? ol = Aol7b @A A (P>0.05).
v, oW Ad ol & F &(PER)S FPCso ¥ BMas7 7 4 240 ¥
2282 BMso7(1.92)2tk $ 533 2 (P<0.05), 4= e

7 e Aozt A (P>0.05). A2 FHFE&(NRE)S



FPCso7 7t 36.8% 2 BM2(34.2%)5 A3 g HgPFrRo
4% % L (P<0.05), BM2sT 7F 29.2% 2 71 AR (32.1%) ¥
FPCys7(322%)8 Add ® AHzr+rd AHzsiIdd
(P<0.05).

0. FH kd 42 A F L BMsoT 7t 59.2g2 2 FPC2(50.9g)
2 7 E2AE T (498g)E A B AdFrRdg gqd
(P<0.05). UdA A3 e o7k A2 (P>0.05)
FPCso7 7} 42.0g2 2 daiyoz A Ye o,

2. %3 F&(PRE)2 FPCso7 7 33.0% 2 BMso? 27.9% Bt}
EX2U(P<0.05) ddA AHIAF gole Aozt AAT
(P>0.05).

ot FA ked ! WAHAFLE FPCs77F 7.0g22 713 Aoy
(P<0.05), BMas7# 7t 92g22 5 WAz A Yetgouy
(P<0.05), FPC27(10.0g)%tE #ol7b A (P>0.05). 71 %
AFE T 2 BMsoF7F 42 10.8g 2 106g2 2 FPCxsTt 9 o
2o & AHgFEd A JE g (P<0.05).

2 248247 AFsEdMAzA oRE AT A F4
kgd A4 wd I e Aozt AATG. A wMHdFL ofFe ey
24 ooz FFHET WAL 50%7HA dAGozAg QA wdB?
S 3B%7MA 2E F YPen, dPoz PP AL 25% AF

27 9 MBS o 15%74A %E & AL Roez dewo,
2. ANFAESY AF R LEE M 2(AE 2)

AFEYgG A FFo w2 F %5 %99 A (fish protein

concentrate; FPC)2Z A o2& dF dAIF AFA R4 A BA R
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e g 2482 IS vREr] Ao AAAFT 65.2%
0.79g(meant SD)Y ol 28 A <A (Cyprinus carpio) 480t & <l
£33 3FF9 Yo & ABAEA, B 2 O 3FHF9 2848
(D, o} ¥ 13% 8% E, ol ¥ 10%% FPC 5% & &; F, ol ¥ 125% %
FPC 115% & #)8 % 642 29 F40vtel/%E)e2 4573 NI 4
& AAEs 2 A%e BdS53 2,
7b. A FANAM FPCE 115% /% FARE 977 450g2
2 13 $78%912(p<005), A 2 EAE 4977 #F
420g 2 416g22 B, C 2 DAy 9 :E 38.0~38.9ge} H|
s s A dE " o (p<0.05).
. A88FgdME FAE 977 0892 # Alg §d4F R
g 53 A (p<0.05) YEtY 2, A, B, C ¥ DAt d97F
ol s Aozt AR (p>0.05), EAAR FdFE& 1058 A,
B 2 CAE F4F29d $F3H23(p<0.05), DALE F o
F(1.108 & Aol A Ao (p>0.05).
. FA kg AL uw%e BAE F9F7 576g2 & D, E
2 FAE F94FRYG fF99F3oz A e o r(p<io.05),
E 9 FAE 937 &2 425g 3 424go 2 g A TR
o feHoz @o(p<0.05). |
g, 34 ked ¢ WA FL FAR 3977 64g2 2 CAlg F
AT 85g& MA@ B AR FATEHG F4HoR W}
o (p<0.05), AAdbE FJF7h 154g02 7% BA duxd
(p<0.05). BAlE § 94 F & 130ge2 .F A2 g4 YEet
20 (p<0.05), C, D % EA8 FoFE 85~102g22 A3
T Aozt AR (p>0.05)..



B AZH z24dME Sol@ AL U, A ¥
045~052% 9 HWHE vVE W,

289 A% ogEATE A9 Y e AR FFL
w&:m, FPCS 2& 928 #71¢ 4% Asa7ee Adoz A
Fge Z @A, 32 2 A MEFL 22D & AvE 2
o AE AT, B APAME o ¥ 125% % FPC 115% & & # 3
 AEE 4AY R B2 PR A AT ABAR FA T

Wlsl 2z 20~36% % 25~60% FE AT Ro2 YEo,
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Nad S E HAzAI2d 2 08
H| 21

Ald dF A

ofFd A% dFL: 238 EAILYY gz Ads AR
2 AGIEN 22 ARAANAE o/ & THY2E SHEY. F¥%
ook Fojd o DA L3 &E F87] A Nose(l960)d 2 &
22 A" BEAILYESE BV E $EWTZ2z 1A 9 £ ¢
Zoj e EAUYZ (stripping)Feldd. 2F B dFAEd g8

g A PRe] muygAded, Smith(1971) dAdd o F &
TRANA ZAFTA FHojo wiMdHE £& AIY}AT, Ogino §
(1973)% Cho 5(1982)2 #2F WENI AFFE % of=2d=z o

rin

FHZAE o&dd FEFEHFH £& EdAFdHRH,
Windell 5(1978)2 # ¥ ¥ Ud(suction)dtAY ol FE HAdod £
828 288 HAok. Austreng(1978)& F A A Fo 5 AATH 9
71 48 FA9¥Es AJE BF AUy g8 22 o8
£3%2€& 243879, Choubert 5(1979, 1982)2 71AH o2 3 A3
238 EHE ol &3 £& AP, ol WHEA 4@

AR . R718%L: 28€S YN E AGF AolE UEHUA REA

Fage Ao FAHHY 8L 3= <(phosphorus)d £ 38 &&
of 2§ &Ho] ofgrh(Brown, 1993). I olH = £ &
)

9
A9 ZA$ WEE *(urine)E T3 o wlAdso(Lall, 1991) A A==



AN $E52 44 £297 A2,

AARez B Bg B TzZIo W AFIH 9@
sd09 ¥ 2% AFAANZ dHARL YEd(Coweys Cho,
1991), 2 FAME 53 A8 3287 3% 2L BYLE F23
2 9l tH(Hardy 5, 1993; Jacobsen®} Borresen, 1995; Cain#
Garling, 1995). 284 da QEAEW Ao FAFo g 23
& 2 #do s (Lovell, 1978), 4ol 9 4 (Ogino 5, 1979)
@50 Yom, Jdy A7 AW E¢ 44 43 AL £27
obd E4 vAd ¥#HY RoW F5HA AATA AAA ¥R
o.

2o WEY AFFNL Joj Aol AFHe foy +329
3 ge dAd AW o o4y 2@ AxHel AWHAT Y=
Aol (Kim® Ahn, 1993). ol &l @ YA BAF 78 o gt 2
Wel FojAr Wl AEHT dE URARY FF: L%E I
e ge Hed ARALES AF A2AR vtd A7 AFAA
Ao #g=Hx Fgdd Q@ 53, Mol %Yol (common
carp)® ol &3t} 2m® < A& 7 $(Ogino T, 1979 A F %
A FEAY 24dolel oda AAZFo A o FAAA ¥R, E
F, 22U WED AFFHY FAFA olzdIA A A o
g4olY 27Fo 2% A2E 48 RugA ¥Uc. BAH 2 A
de FUolA o g7tse YRARY A A%ee FA%s AR
Aoz, 150g9 S48 ALdolE ol gstd AP PP we
23589 Wolg FHIA S99,

2
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A28 AE 4 P

oL

p—
o
2
Ho
o
o

AE2+FAE A 948 A o84 va2(dF 1)

7HAEFE £ 24T 4H
dEAEY A ol E HUsty A HF 150g9 ol
2t d Ao (Cyprinus carpio) 30008l & A&+ 22 157814 AHg
29rE o2 F 1079 HAFHAS(EEZAE 9 939 AFARIE 2070
o]

{r

goja gz FANAG. EAYL 10929 HATE

AAndE FAPAE ojgstd Hz 17U AAY  H(settled
feces) e MAGFPYON, FH¥oz YFUYPe AAdY B 2y
9 X (floated feces)S # 4 A YA}, o] W 25 &4 WA

He 43 F9 & 358903 (Fig. 4-1).
Zt bEd g ARy B YA £ H d2AA BEHE o
7tx WE H s,

Water Inlet Air Bubbling
i Glasg Fiber

p P 3 [ -\- Water Qutlet
¥ L_ .

Tank{130Liter)

B

Settled Feces

Figure 4-1. Feces collecting apparatus.
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U, AgAg 2 A%T
& & Al 8 (reference diet)= 7} 4l 1 (BBA, France) 50%, E 7
27t &3 A ¥ (Bangkok, Thailand) 37.9%, 5 % 6%, ol &+ 4%, bl
gl EFA 05%, ¢& FHAA e FEF EFA 03%, ¥8=
A

03% % A48 3aE 1%2 FAHHAAG(Table 4-1).

Table 4-1. Ingredient composition of the reference diet

Ingredient Content(%)
Casein 50.0
Tapioca a -starch 379
Soybean oil 6.0
Sardine oil 4.0
Vitamin premix.! 05
Mineral premix.! 0.3
Choline chloride(25%)? 0.3
Cr20s3 1.0
Total 100.0

Supplied the following amount per kilogram of diet: Vitamin A, 50,000 IU; vitamin Ds, 8,000 IU;
vitamin E, 120 mg; thiamin, 60 mg; riboflavin, 80 mg: pyridoxine, 35 mg; vitamin Bz, 06 mg;
pantothenic acid, 120 mg; niacin, 200 mg; biotin, 1 mg; vitamin C, 200 mg: Mg, 240 mg: Mn, 140
mg; Zn, 280 mg: Fe, 84 mg: Cu, 24 mg; Se, 0.12 mg; Co, 39 mg: I, 6 mg.

2Supplied 750 mg of choline per kilogram of diet.

oA, dFe T AAZ Aoddd WelE Fol7 Yo
=3

£ 03mm 23 de] B 2P hammer mill2 £ H

d 9l 4t 2+ ¥ (monocalcium phosphate; MCP)& | & & 87} %
EZAE 70%° 30%E E%s8ld AdAaazsz wg
(MCP)8 729 EZFAE 97%° 3%E & §3d

%
AYAEZ s 9RAE, ETAE 2 AgAre dwydre
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Table 4-29 4-3°] J el 2o}
Wgd 449 Argd FFH

E 9& 45mm ©o & R FF KFEHAVNE B FF

(spaghett)® @ H8&do, T AR7]E o] &3 55CTAA 2¢

P RAzEQG. AR E 99 394 (10:00, 13:00, 16:00) &% F B

of daA=7 €3 Y7x 4830, 48718 ¢ 9 ASF2

26~28T=2 FAHNUAYG. ¢844 AKIZAE A4 ARG 948

o

& 25%E 7tetdq v Pdd e o

2] FRP (fiberglass reinforced plastics)A} & Z 2 M, A &K 2W 3L
130 2 #AEASY FEWHFI)S T 10~12¢/mind ey £ &

2

R

oa

%, pH, ¢EYeld]l FA(NH3-N) B o &F2 Table 4-49 A
A ovre} 2ok, AY7RF 4 AAKEotg F7)(aeration)?t A E

Hog olFo Hov HAYolFe ASFzd I HEdoG 1 437

ES A A2 3ygen @ v HAldx 2R R
0. @4 %S F $£3(2,0000)9 ¢ 10%9 A A,

F AAYYo & YgsAse F3E(Cash) ¥ a4y
23&& vy Y3ty SHHo2 BEAERYS HFAsdd 23
& & Maynard®t Loosli(1969)2 F e o8 F3 o8, & 484
89 428&¢% Cho5(1982)d o9& FHoz2 g3 2o F3AL.

Apparent digestibility coefficients(ADCs) =
100-[{nutrient in feces(% )X Cr:03 in diet{%)}+{nutrient in

diet(%) X Cr203 in feces(%)}x 100]



ADCs of the test ingredient =
(ADCs of test diet -~ 07X ADCs of reference diet)/0.3
ADCs of the MCP =

(ADCs of test diet - 0.97X ADCs of reference diet)/0.03

Table 4-2. Chemical composition of various ingredients for digestibility

measurement
Ingredient Moisture C. protein C. fat C. ash Ca P
9%

WFM-S' 8.01 63.76 557 18.13 6.40 3.01
WEM-F 3.28 67.85 5.40 19.18 6.47 322 |
BFM® 742 67.39 6.58 1455 427 2.35
SBM* 10.64 44.13 1.51 5.50 1.24 0.69
cGM® 11.44 65.18 1.23 1.26 091 0.46
SSM® 2.21 4964 958 10.51 2.99 1.46
WFL' 12.90 16.60 1.90 1.26 0.81 0.37
BY? 8.55 3959 056 564 0.82 1.18
MCP’ 3.36 - - 79.70 1847 2182

'WFM-S = steam-dried white fish meal, Comell Broth. Co., USA (ship factory).
“WFM-F = flame-dried white fish meal, Dong Won Industries Co., Korea.
*BFM = brown fish meal, San Antonio, Peru.

‘SBM = soybean meal, CHEILJEDANG, Korea.

3CGM = corn gluten meal, New Dong Bang Corporation, Korea

5GSM = sesame meal, Ottogi Foods Co., Korea.

"WFL = wheat flour, CHEILJEDANG, Korea.

®8Y = brewer’s yeast, JINRO Coors Brewing Co., Korea.

*MCP = monocalcium phosphate, BASF, Germany.



Table 4-3. Chemical composition of the reference and experimenta! diets{dry

matter basis)’

Diet C. protein C. fat C. ash Ca P
%

Reference 43.31 7.18 393 1.30 0.56
WFM-S' 49.41 8.47 842 3.28 1.46
WFM-F° 50.67 8.76 8.26 3.08 1.30
BFM? 49.75 9.08 6.86 2.80 117
SBM* 44.30 815 447 1.55 0.65
CGM® 49.72 6.82 3.19 1.01 0.46
ssM® 45.36 9.77 5.35 2.03 0.84
WFL’ 36.28 5.17 3.03 1.40 054
BY® 42.26 8.09 459 148 0.76
MCP® 42.30 9.29 597 1.79 1.00

*Each diet was composed of 70% the reference diet and 30% each ingredient.

1Refer to Table 4-2.

Table 4-4. Quality of rearing water used during the experimental period

Items Values
Dissolved oxygen 6.1£0.3 mg/ ¢
pH 6.8%0.5
NH3-N 09%£02 mg/ 8
Phosphorus 0.004 mg/ ¢




2.

Ay

He

g, APAa YA E (Tables 4-29 4-3)

rlo

AOAC(1990)2 w o wa EAHdJcd ¥ 105 T 22
A 24 N Azaddes AN x 6252 AL $Ygoz, AAYd
dqeaFzayoz, B 550 T 1242 A4 A,
Agraag 2L FuHe 438 2E(Cr:03)2 perchloric acid® 75 & 3
(Bolin 5, 1952)% spectrophotometer (Shimazu, UV-120-12)& ©°] &
8o 440nmA M FHFEE FAHG%S BAHIAG. BesdFL
ammonium oxalate #4222 HAAY F HSOs $£4# ¢ FAA
KMnO4s2 AH A& F3dov, A(P)2 vandate molybdate-yellow
W o2 470nmol A spectrophotometer2 ¥ 4 314 t}.

A A 2 (settled feces)2 2 2 d Y8A8EY 2887t A

o 0olde & YEIWAZ WEA FTAZTHLS AA3A R,
2. BRI Ee g% A o8& HIAHHEID 2)

7. AYEE 2 EAIYY

A 1o FAEYY ofF 30003 & ol B3 AHP1oA
AL E AN FAF APAEE ol§dd AAsdeqy, EANWI 2
Hol o 12 ¥ AL 74X FAHAUNLE EF 1979 HE4HA
oo} 39 F ¢ AIPARE FAF g HF F9 1A% F uHA
(tricaine methane sulfonate; MS-222%) 3 mg/1 €42 7/4¥ A vt
ANUE RS v YPoz RN Y4 e BE TR
2rE gEUgoz AMA £AY 98909 (Fig. 4-2), 83

o 22 AYss) Ao 23 PANE 2EHLE HRAI 9o
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MEFAdE U8 Yoz Fygsdr. g dEyg H
JEyas

YFAP
1Y 2e YA EYE N A2AA 2HE 9 AR

.

U, 4848 € Agae

Ag1e M A& AAad TAGdA AzxsAed, A%

gEe 2919 A& v} Ao,

Ll

Vv

Figure 4-2. Area of belly of Israeli strain of common carp

pressed to expel feces.

Adlel A& @ uwo Zokoew, AAAsge 42 4319
AAYPAA & Z2Agd 242¥e ZAE FHseo

Student® 3 t-testo]l &AM HIFF Aol  F 9 & (Snedecort

Cochran, 1967)2 F 39 _4“533?%13}.
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A3H 23 2 2 3F

el
)

AEFG AR+ E Ao 98 QJ o84 Mm@ E D

Table 4-2914 B & uvte} go] MM B(WFM)S A, 34
o] B 3IF FFo 7 181%, 192%E T Mol B (BFM) 146% 2
o %3, 282 A& 99 HFE Fz 30% L 32%2 B Yo B
24% Bt =%, oA WM RLe 2 g5 Fol % H (pollack)
24 237 2YE Agoz YU ¢& vy L MmyPYs A==
st Az, YR L A4AN} F2 399 HE L AYPIZA
Hojgl, 3 T& AX3d HAAE A& Rz 7F 7
fEgeltt. o FH(SBM), ZZFHU(CGM), 39 (SSM), a29E
(WFL), a2 (BY)d A &ZF& 15% o3tz vewdo.

Table 4-30lv X EAE ¥ BFAE 70%9 ZF 985AE=
30%2 ol F o]z 8F 9 AYARSL MCP 3% EEAE 97% 2 9
HY A¥A 80 444 822 vdglidd. 288 7122 EEA
29 FE 2 Q0 FF& 27 393% ¥ 056%F vy, ZFAHA 9o
F(WFM-S)8 5% d¥As9g 3% ¢ 3 #32 842% ¥
1.46%, A F A WHAE(WFM-F)& #4838 A& 826% 2 1.3%,
2ol S FH3 AR (BFM)E 686% % 1.17% 2 WAoo L
FH Argd v 2A JeEwg. dH, JEAH 458 4 A
godAd dFHE 30% FHE AR(SBM)I HE 2L A FFL
447% % 065%, E2FA & FHF AE(CGM)E 3.19% 2L 0.46%,
ot g /% AF(SSMIE 535% L 0.84%, 29 E & 373 A
E(WFL)E 303% % 054% 2 o8¢ 73 ARt 34 Jdey

o, gAdEGYds ERdE HAFARE /KT ARBY)Y FHE
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R RS GG 459% 2 076% = HEEGT. A FFAE AL H
T 494 #we 3% F/HFT ARMCP)IY A ¢ AA HE E

ez A 242 597% L 1.0%E H4E2AH 9858 853 AEE
o

F AdEEd Be& 4 4dx4s79 2 3 2 A §Fe
Table 4-5°] Y et Ao, AL FZFo oM EFAEd ¢ FA
B(SF)A A 99%, IHE+F A E(SF+FR)A AT 54% 2 FAEAA
AEol ®A JvERd. FHY HYjE L FFKE F(WFM-S)dl A
7 293%, A E+FFETFAANE 151%2 dEHYT. F

FM-Fld X & JdE&F7F 269%, 34
7t 170% 2 vdeEged, Mg s FHE F(BFM)I
Ae A3 2 FAEFAET 4 262% R 142% 2 vEH
. dERe G4 A

BE(SBM)AlAE & AW EEE 47 159%
% 89%2 UeERey, 23

2Ug K AFAME B3 12.3%
2 55%2 UERTG. 0L g #43 AaFANE 2F 225% 2
11.0%2 Jegon 2wy

o

Ga® ARFANE 27 11.0% 2
50%% Jewn. AFELE ¢4
66%2 UEuT. @d, YALAEE BHE ALTFANE 2F
2019% % 7.6%2 UEU 2 BAY $UAA AARTAN FAR
2RRTEG HE ¥Bo A UBuo mAd FProzT B
AYE W FAPE 2Ee ARU F4Ho Ad W 5 ¥ Fol
$e 2350 %2 AWPeZ Aae HEe =4 dugon, 3
AR RAETY ASE B FANE N Be 4Hs ¥ A8y
A e vsnE ¥R FHH Aol 5 EL B AyuHE
29 e AL AW A FdHoz goy H¥e Add

3 Alg FAAAE Zzd 184% 9
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lo
utl
o
2
2
rir
»
o
A
P
30
Auj

Q dTe A B HE Tl Ao vaAFoz A FFol
£ Y4BUE Aoz dewd, 33E R AARRAE AYTY
ol dolH EEAEY AS 27 14% L 09%2 dEw oo,
A4 By AS 27 40% 2 28%, AP WYJE F$

rle

ztzt 35% % 2.9%, 2o R HAS 38% ¥ 26%, hFHY A
S 19% 2 14%, 3 Fd9 A 16% % 09%, vt B &
28%¢9 18%, 2P A$ 21%9 12%, AF a2 F$ 23%%
13%, 9z go 3% 35%9% 15%2 vdegdg, agxoz HAA
2 (settled feces)dl A FAR+FAEFRYG Fdyeoz A ey

o, olale Age A HRANE FA 874 Yen,

Table 4-5. Ash and phosphorus content(%) of feces collected by two different

methods'
Diet? Ash P
SF SF+FF SF SF+FF

Reference 9.91 537 1.44 0.89
WFM-S 29.28 15.05 397 2.82
WFM-F 26.95 17.01 3.49 2.88
BFM 26.15 14.17 375 2.61
SBM 15.92 8.97 1.90 1.35
CGM 12.27 5.48 1.60 0.87
SSM 2251 10.96 2.78 1.77
WFL 11.04 501 2.08 1.21
BY 18.44 6.64 233 1.30
MCP 29.05 7.56 346 1.46

ISF = settled feces; FF = floated feces.
%Refer to Table 4-3.
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Table 4-6. Apparent digestibility coefficients(ADCs) of ash and P in ingredients
tested by two different feces collection methods'

' ADC(%) of Ash ADC(%) of P
Ingredient
SF SF+FF SF SF+FF

WFM-S 0 14.1 i0.9} 0 99+236
WFM-F 0 5.7+0.76 89+211 6.8+3.02
BFM 0 8.1+051 0 13.0+1.37
SBM 0 33+230 0 54%185
CGM 0 13.3+1.06 0 12.1£4.17
SSM 0 13.9+3.50 0 8.3+0.70
WFL 0 16.7+2.84 0 9.8+1.01
BY 0 55.3+3.26 0 42.1£3.82
MCP 0 796561 0 802562

'Refer to Table 4-2; values are means*SD of duplicate groups.

ZEA WANE(WFM-9)9 Q) 288& AAE AJwalA

Atrd AR Ze FERA 2838 S A cd Aol AAFXA
E o8& & AU HFsA de Aoz gdHA U
Brown(1993)¢ @2 YIAEE o gatd geuay ofre 2
MFolo o4& A A23&8 HAAFA9G A (dissection)e] 47 F
A 2 ARYez HRPed, dFEL AF$ A 03% 2
-58.1%, ol 29 2% 685% % 482% =2 A H A Yol 3 23§
FdHoz A Yegon 3. AP JF 2 YA AR
F2a Hell M dFHFeg 8£E38 <A(soluble-Plo] & H7 dE Q

23gol #9 Ydon AHHA. 2P0 ¥ ¥ A FA

_72_



Hol o B AFY A% A 28 HaBFAX 0 ol £AE
JEty 1 A& A Hrgde Aol #AIAG. o]y T A4
2 A 29 43 Fo] v Fo] o} FHxd stHdAA d3 ¥

2P 2AR2E)Y A+ A9 A
Fo] FAdzd stAge 4 A dAFHE WA Vdde ReE
2 AANAE ol 2T FHALAE FHA Ao} F oI A
A & APse Aog. 25y FAAEY
g HPARE B4E S A" E 249
Fol ulFol ol Ay HEd Yoz dEAHA £& AF
g A o4y¥d. g3y ¥ AUsIEE o &3 AU (Lovell, 1977,
1978; Yone$ Toshima, 1979; Schafer ¥, 1995), ¥ 4 AW B+ 3

3

T,
o
2
2z
U
oy
2
o W

ox

J ANME s 2R FARL A APsE Yol o4
% (Ogino %, 1979). @@, FAe #¥e o9 Aol 50g ol
stz MEd Be Aol F2 olgden, ok Aoy R
o 2 AW Eez AP + Y= 29 Fol M@BHo BHEo
o,

Lovell(1978)& 280gl &4 w78 = B ul catheter® 4+l 3o
2o APsts $¥(Lovell, 19722 A F+82 2F4QEd, 1

7F(monobasic)® ¢ FTIF UL 90% ol Aeold ey 27 (dibasic)d A

F 65% EdsAdn RusdHdg. BF, o F§ A+ 40%9
T8¢ 2Y wa, 484 FTFYEL 25~54%9 WO E EA9n
st Aok, Ogino §(1979)2 AAAF 10g A F 9 doist FAMF

of o3 o A238&& FAEN FAEE A4 AFste #Y(Ogino
5,1973)e 2 Z2AHFded, F oAF EF 179 A FFA 23 &2

94% ol o2 wtoy, 27 2 3719 AS Yo AZF 46% H
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13% 282 F$ol71 71% 2 64% 2 #A2HUYdn P, Wy B
o) A$ Yol 10~26%, TAAEAE 60~72% Fow, Bo R
o) g Yoist 13~33%, FAAEA 70~81% A A% e
Ao dQqg. AR A$

deWey 484 de EF 2e £18 Y0, $U oz
Watanabe % (1980b)e] ¢} 6g9 €e&tvolE o83 SFHF ¥ 4o
U o 2sge o 65%2AH FAAEN] 2RH FAFAG R
FAT. 4 oJRW A £H8& YN Aoz FA UEY
olft #A Eus dojuA @7 WEoE FAA At (Yoned
Toshima, 1979). %ol 9@ WERA RS dF2 238e A2
£%, 059 27, £ S e G Aol o9 A¥e wx
FEYD BT(Cho 5, 1982). 228y AF7AA @ F4 oFo U
ANE YEAIRY FEoY H4AUAY TE 28 A 282 W
Sol @ MRATE o HAA %A,

ke

F olF EF 90% o4 A 2% E

rie

oftt

2. AN Gl 4@ A o84 ALY 2)

Rl Sl AANE ¥ AR P U FFL Table 4-79)
GEuR. NE $3 AT EEAR FFsh 456%2 4919
DAE N AALFARTEG 2 duRd. 3 wdoE ¥
FAR(WEM-S), 284 44012 §HAR(WFM-F), 24012 ¢

i

FALE (BFM), o % (SBM), &2 F d(CGM), s v (SSM), &3
(WFL), 93 £ 2(BY) € dJA4ZTE(MCP) 748 §479 U
I FFLE A 14.36%, 15.89%, 13.81%,‘8.08%, 5.45%, 10.64%
479%, 502% 2 617% 24 HP1dAMe FAEHR JFE+FLE

AW & & AAEg AMHoz @A UaEg. ot R
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7 el g ¥ APA Easy REo Adzyoz ¢
ol Wa Be Aoz Ase FA P B

oz 23dAY.

Table 4-7. Ash and phosphorus content(%) of feces collected by stripping

method

Diet' Ash P

Reference 456 0.69
WFM-S 14.36 2.70
WFM-F 15.89 271
BFM 13.81 258
SBM 8.08 1.20
CGM 5.45 0.87
SSM 10.64 ' 1.70
WFL 479 1.10
BY 5.02 0.98
MCP 6.17 1.12

'Refer to Table 4-3.

A &F A B JEFFA A vdHoez A FFol
A dgde Rz dgwRo. FA® #4997, WFM-S,
WFM-F, BFM, SBM, CGM, SSM, WFL, BY ¥ MCP & fF A& +
g3 AL Az 069%, 2.70%, 2.71%, 2.58%, 1.20%, 0.87%.
1.70%, 1.10%, 0.98% % 1.12% 2 Yevd & FdA vegd =9
Zoj AR, AAE+RAEFAA B FA Yo,

g, FYziged 4 dF R A9 gBvY 238 (ADC)S
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Table 4-89] e} WAt

Table 4~8. Apparent digestibility coefficients(ADCs) of ash and P in ingredients
tested by stripping method

Ingredient’ Ash P

WFM-S 16.6+2.72 17.1x1.12
WFM-F 124%1.75 79+157
BFM 16.10.66 14.2+276
SBM 129+265 11.1+2861
CGM 15.2+£2.16 12.1+£238
SSM 149+061 - 22%1.30
WFL 12.0+0.08 10.3+1.90
BY 7440381 61.3+4.93
MCP 928+054 91.5%5.18

'Refer to Table 4-2; values are means*SD of duplicate groups.

Hgue B 298¢ WHAoZ 120~928%9 WelE U
Gugew, s J@d AREe &
& (MCP) 915%7t A 8 ¥l & YW UAG.

dd @ AW s 24 A%e UFIAA AL
AAERRRETE ume B A5 FAMNAE ANE F oum

ohub (SSM) 22% A A4z

=]
~

g Z#E Table 4-99] Y8 UAo. &8 2889 ZF¢ F $H2
od lej A Z Aol E(BFM), 5 (SBM), #FZE(BY)7AM AW
71 77 Fd Aoz A YEHPZL2LUY(P<005) UoA FeAAHE A
ol7b ddew dAaHez AUZETI ¥2 S daRiUdd.
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Table 4-9. Apparent digestibility coefficients(ADCs) of ash and P in ingredients

tested by two different feces collection methods

Ingredient ADC(%) of Ash ADC(%) of P
SF+FF" STF? SF+FF STF

WFM-S 14.1+0.91 166+2.72 99+236 17.1+1.12
WFM-F 57%0.76 124+1.75 6.8+3.02 79+157
BFM 81%051° 16.1 +0.66° 13.0+1.37 142+276
SBM 3.3+230° 129+2.65° 54185 11.1+261
CGM 13.3+1.06 152+2.16 121417 12.1+2.38
SSM 139+350 149%061 8.3+0.70° 2.2+1.30°
WFL 16.7+2.84 12.0+0.08 9.8+1.01 10.3+1.90
BY 55.3+3.26° 74.4+081° 42.1+382° 6131493
MCP 79.6+561 92.8+0.54 80.2+5.62 915+5.18

'Settled feces+floated feces.

’STF = feces by stripping method.

**Values(means £ SD of duplicate groups) in the same row not sharing a common superscript letter
are significantly different(P<0.05).

A 23zt & FE THY YHYJF(WFM-S)9 4+ & AHA
e ma 99% H O17.A%EAN A 2 AAolE RALYUY, HAHY
Wy ol F(6.8% vs 7.9%)ol Ao F(13.0% vs 14.2%)2 #FAH3E A
. a8y os FrA § AIWEY A 282 59 (83% vs
22%)% Z R (42.1% vs 613%) A% KF4AHE et ided, vt
Bol A4 g drAsde 2 RHUyl dHd g4 23 Eo] FJE
o ZAE 149% 2o Ud9 FE 22%2 Y A ydgHo.
AL E A+ F HEHTY A 2382 802% H 915%2 #F
g3 e HAHA FRH(P>0.05).

ApE ROl o AHF 2 Yol AFES g2z AT
Table 4-1001 A X upte} Zo] WA EgHy ZMojE 283 MCP
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o QA ojg e FAFHA vegdn Ao, FA T Ogino F(1979)9]
Hug A8 d 4258 5P AXAJ FAHg A @
7l gEe 2 2FAAH dEd FA4g AH/Y Hlue oHE F
ARD. 4EAH 542 F & AJYPd & 37 g 23582
o

FH 83%, 25 121%, vty 53% 2 A2WE 101%2AM B

iy

$ we £x8 2gtd, ot sNdny A9 o g4ol Yojd o
ot A2 Ang ot 2du Ogino 5979 48 F 7
phytingl @ 43 8¢ 8% 38%2 2 A4 YHUL AT, BE
o B B A¥e +A7 Ogino T1979)0] R a g FHof usl 2
& e 2% Aee KT UE AT Usl o

o AaARAFelY &y Ao & WA ZAst

of §2 A

o

rie

Roez wATY,

Table 4-10. Comparison.of phosphorus digestibility of feed ingredients by carp

P digestibility(%s)

Ingredient

Ogino et al.(1979) This experiment’
White fish meal 10~26 8~17
Brown fish meal 13~33 14
Yeast 93 61
Monocalcium phosphate 94 92

"Values obtained by stripping method.
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A4d He H 2L

1 A2 AAZ+FAE A 48 A o] &4 vu(dd 1)
olz@tddod o drARY FP R A 25&E 2AF
e wa A7 Yt FF 150g9 olzFdFo 3000 E
Fz2% 157ad4 APgd 2Eo2 FdAHA AFF A FAEHA

. FAYe AAEN AAZ+FLE ARWE 2712 Y5 A

E Y98AEY £33 &L 0 o3 FAR
4 HohE A,

U, JARZ+RAETAAN HA YR (WFM-S)9 3 &
2 ¢ 288 14.1% % 99%, A H A WM Z(WFM-F)
o B¢ 57% 2L 6.8%, Mol E(BFM) 2% 81% ¢
13.0% A t+.

. AEAH AR 25l HAAR+RLE AFE
ol 1 ol ¥ (SBM) 13.0%, &2 FH(CGM) 12.1%, Z vt

9

(SSM) 83% % £ E(WFL)

M

8%2 degon, zE
(BY)S 7% 2 2382 421%2 vero.
%, AAYALEMCPIY A S RAE+¥PETFI 802%2 U
Bt o
2 AYzd AR % 2APgoz: YaAE 238
2R AgsA gon, AALH FAR S FA APHE Aol ¥

HY Aoz W Ho.

A
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2. 2R U7l gl 9@ A ol g4 FAAY 2)

APl 2HE ARE+FAE AYQA AW EA @
EAYLEL s Astd 491 F2F FLHez2 & R84
29 2882 24¢ 2% &% 2o

7F.

LAYl AR AR

+

RUzigel g8 SAET BHFA WYY £ & € @ &
382 166% 2 17.1%, A A A Y Y] EZ(WFM-F)o 7 ¢
124% 2 7.9%, 28] 2 (BFM)9 A $& 161% 2 142%
2 YEgyog.
424 98489 ZA$ g € A Lsge dFH
(SBM)el 129% ¥ 11.1%, 2FFH(CGM)e& 152% %
12.1%, Zvbe(SSM)Y 72 % 1493% % 22%, 2"W¢
(WFL)9 2% 120% ¥ 103%2 4dexges, F§2(BY)Y
AeE 744% 2R 613% =2 vdE WO,
dRadZEMCP) B FJ¥E 2 Jd xg&e ZZH
92.8%, 91.5% =2 JEtgch.

AAYAAN 54 2884 2 &
Wolgol o8 &A% 23188 vy 23 E 23589
AS ZHE, dFy 9 AFaRe] FLaATd RuUIYo
A Jel%n(P<005), &8 drdAE a7t Aoy
Ruzigel ¥ 4 dede FFgo AU,
A 2389 A FZopdo A AARZ+FLAE AFYo
83% =2 AUy 22%849d A UHetW% 2 (P<0.05), FFE
2o A% AYZiHaAA 613%2 FAR+FFE 42.1% =

g4 fFgyoez A YeE W Y (P<0.05).

A 13 204 o, 3% 238N Yead R o] R



W7lE APEel A deBUYE Ao Aoy F Wy e 2
sol7h e YA @t
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Nsg ZAMRE o888 of22tdgoiof ¢
eTd ¥4+

A1H AT A

% (phosphorus: P)& o ¢ A Fd +3A FEAZA ARY
AEA BAHA 2380 oFAA don, AFFolY AIZEE
°| 2 @T(NRC, 1993). dF Y F£F4EL 259 $AF2%H
FEAE FFE + doy, F5Y dFd dd F=E 0.02-06
mg/L B=E2 433 %o} Ag2ReEge FFo "HF Aol t(lLall,
1991). B8, FF W AL X F(algae)d Al I HAATAA(Auers,
1986)2 4 FAHE Agdl AF oA Fxex Fn Wdges @
S ZFY A4RE FANIAA Hu, FLHHoz RJg%g
(eutrophication)st 449 ZHE ZHsA €9 (Folkedt Kautsky,
1989).

Sakamoto®t Yone(1973)¢] # E (red sea bream)s A FHA A%
& 9% BEARY I LTFFO68%)E 2D F BE 29 Q
83 Fo dAFHUYG: dAYE 9o (Atlantic salmon) 0.6% (Ketola,
1975), " % ol (Japanese eel) 0.29%(Arai 5, 1975), 3 9 ©l (common
carp) 0.6-0.7%(Ogino® Takeda, 1976), ¥ A 78 % o} (rainbow trout)
0.7-0.8%(Oginost  Takeda, 1978), % vl (channel catfish)
0.4-0.8% (Andrews ¥, 1973; Lovell, 1978; Wilson 5, 1983), & of
(chum salmon) 0.5-0.6%, ¥ @ 3 o} (Tilapia) 0.3-0.9% (W atanabe %,
19803,b;‘R0binson %, 1987; Haylor %, 1988), = ¥ (red drum)

0.86% (Davis® Robinson, 1987), T+ 3 (guppy) 0.5-1.2%(Shim3 Ho,
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1989), ¥ °] (sunshine bass) 0.54% (Brown 5, 1993). o] & A 8 F
Fe olF 4, AEEE 2 FAYAHC Jwaa FANE EE
HHANEE ool AAAXYG. 28 o FdAe @ e
ol BAEZAZ YFPel W ofFd A 2T7FE AR 3
A MEFE FA0 FZANANE £202 HFsE Ao uTd
3ttt 2 4 9 th(Beveridge, 1984).

43 41995 Ful W4 E I FFA AV B 70%E AA e
Yol A WREo ol2Fdd Yo (Fo))2A Mo ds ¥
FYolsts A 97 %0 watd £ AL RolFT RuAYY. ol 7
& A 27 Aoe odF AL okUd AT, TAANRS
Jel(BAMNES BPAR) s 428 s A, Y
Oginost Takeda (1976)o] o @& ZYojsl 9 273 A oF 9o
AFE Ay 2ol @ AFR AFE AFTAAN ol AN Yk
et B A7E o2 30% ¥ 10%% ¥HHE BHARE ol &3
of ozztd Yo A 2FFol FYol TRAH FAVAE ZA
$71 sl s At. old@ A TR HAL A 4P
AFROIFEER ohUd Ao A WAHABTE HEZA ol SHAG



Aq2d Asg H W

1 o] % 30%S $848 A3 A a72(AY 1)

7. 24858, 2848 2 4E44

AT 22 HT 18+052g (meantSD)9 o} 2t d g o
(Cyprinus carpio) 1,260ut 8l & A& 3o Zddda 498 4
3 22 oFAFAFAAM 159729 HeAPE A A 8F (A
B9 559U) AFAEAEE HAASAY. &R FAAE AdFd o
A @GS ABAEE A AT F4839Td. 639 HdPAEE
Aelgd 3 B (70 v/t )e 2 gAY wHsgen, ofAF 9
Ag R aes 32 & 489 AAS FaANA Z 7 244 209
A4 F FaProt.

NzAerE ZME 30%, dF 30%, 2®E 26%, oA &

O

2%, W5 3%, viEgnxn uygd 1.1% %2 <3 AHE(e-starch)
89% 2 FAHJDT(Table 5-1). ol2agddol g Az AN FF

Ao A+ E(Kim3 Ahn, 1993; ZF# 3, 1995a)F Joj9 I 8

-4

¥ 06~0.7%(0gino®}t Takeda, 1976)o 7l gt ol &7t % Q9o F
=& S3%s37) Azld, LdFHEE dANEHY dJ A ZF
(monocalcium phosphate: MCP)& 1, 2, 3, 4, ¥ 5% 7138449, &
23 £¢® 2 4YAEE CPMA (California, USA)Y A A7 E o
g5l A7 25mm A7l WAL HYF F ALE 2mm 279
APEREZ AZXIIYG. HE 3FLL 2AYYESL, £4 530 2y

¥ 3.



Table 5-1. Ingredient composition(%) of the basal diet

Ingredient Basal
Brown fish meal 30.0
Soybean meal 30.0
Wheat flour 25.0
Soybean oil 3.0
Sardine oil 2.0
Vitamin mix.” 0.8
Mineral mix." 0.3
Tapioca a —starch 89

Total 100.0

‘Supplied the following amount per kilogram of diet: Vitamin A, 35000 IU; vitamin Ds, 7,000 IU;
vitamin E, 70 mg; thiamin, 14 mg; riboflavin, 21 mg; pyridoxine, 14 mg; vitamin B, 0.14 mg;
pantothenic acid, 43 mg; niacin, 105 mg; biotin, 1.4 mg; vitamin C, 70 mg; choline, 750 mg; Mg, 240
mg; Mn, 140 mg; Zn, 280 mg; Fe, 84 mg; Cu, 24 mg; Se, 0.12 mg; Co, 39 mg; I, 6 mg.

Table 5-2. Chemical composition(g/100g, as-fed basis) of the experimental diets

Composition Diet’

Basal MCP]1 MCP2 MCP3  MCP4 MCP5
Moisture 8.46 8.14 7.94 7.69 753 763
C. protein 38.38 38.64 38.70 37.85 37.63 37.85
C. lipid 8.48 8.56 853 8.17 8.40 8.60
C. ash 6.85 752 8.48 9.21 9.96 10.64
Ca 2.30 2.56 2.69 2.82 3.12 401
P 1.09 1.28 1.53 1.73 195 2.16
Av. P? 0.24 0.42 0.67 0.87 1.07 1.27

'Monocalcium phosphate, BASF, Germany.
2g/100g DM, calculated based on the determined value for basal diet and the P availability of 90%
from the MCP.

Z1zAlR S A 28 &2 A ES 1% MY F A4

Ag 1o H&3 v 2ol (Fig. 4-1) A A & (settled feces)d} R A B



(floated feces)2 M As o XFFYPYoz FaAd. AW o &715
A (available P)& ¥4 d As5dW FJd44 MCP2FEH {FaAT A9
ol & A4S 90%=2 B JZxARY FAHE ol&itT dd Haoq A
Ab 3t 9 o (Table 5-2).

G4, AL
Ay 229 £@AFY ARZFA d2E 1249 A=,

iz

ZAAZ, 1A R L 2222 FAHUAG. AA AFGE A
W & o fiberglass reinforced plastics(FRP) AF & ZW £ %<& 130 L
2 M W& (flow rate)e HF 10-12 L/mind e £2& A Ag7
%% 26-28C2 AAHUAG. 4 A Kz % 7] (aeration)Zt A F

Fojzgon AP Fe A&z & HEdd A 4873
TG AT AE&e deEWen szAE TR HADE AYIR
oz Hegpdde @& vleje sAlolx 2 ARA FRd. FS4L

2 (dissolved oxygen), pH ¥ ¢ R Yol dFdd FHY FAHGA

o]

)
[« lo
ku

oW ZRA PYEe §EH2FR} pHE 247 6306 ne/t 2 638
+0770l1 e, A2 Yole WA FEE 08%02 me/L ok A
G40 Q FFL 0004 mg/L olH2 FAHYG. AYARE LY
39 4 (10:00, 14:00, 18:00) =4 3] MA =7} BAAG7AA FA93FA.

2 gz $H® HHE FIFA AL 2 A
obd AWM AE FAHON00) FAFAN B KA FA AR
o raRen, oy H2Y 2FES 24 FJANY £EES
Fzoz #UAA RESAEd, o BEES ASFAU F £
(2,000 L)Q %} 10% 43} AC.



0. 2AYE

o] 8715 % A ABYW FF B oFd AF L AR
ojg58&8E HAd7 HAsd F A F(weight gain), LA FAF
(daily growth index: Iwama$®t Tautz, 1981), A& A 3 3 (feed
intake), A} & 8 +# & (feed conversion ratio), @4 4 3 ZF(nitrogen
intake), @ 2 o] & F & (protein efficiency ratio)® Z A A . o}
2, AdAN FHF 7R Agd d FEA B A2 R A
o #%5 WMAFE HiHs A% AANAGIHBIG FTERAMT
)Y EAENS TF A2 2 A9 FH&E 2AHAG.

. 2MHEY

AEAE 2 oA YA E(Table 5-2)2 AOAC(1990)9
o e BAsAY, FES 105 T 284 24 A% Az
Fom FWAN x 625)2 AF WYz, AWL dHE F2HL
2,382 550 TollA 124 A4 EHstAD. HAA 207
o FEAM WEF 157PE AT F FA FH%q AF(F S
g)g HAsdd FESZHACHB/ANR)N ALdded, Unx AEE
gAY BAd &5, 71xA59 Q) 4238 FA3& 948 A
29 EW ZF, d ¥ B3I E(Cr0 A4 4y 1N} 22
oz EAHdAY. doF A FAA AL EL4EAH
Duncan(1955)¢ multiple range testol 9 &4 SAS statistics

package(SAS Inst. Inc,, NC, USA)E o] 83 o AAAG.

2. % 10%E 7 AAE5FH94A9 A 8 FFAEHE 2)
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7t. 4858, 4848 2 4847

49582+ 37 MAAAF 34+ 204g(mean* SD)9 9]
2 2td Ao (Cyprinus carpio) 40098 & AL &3 Q o, 1449 A
$713& AA 6FRHANEFTA 42YU) AIFAEE AU H S
2N FgdoAle Aol oL ¥ AAARE A AT 39
dad. jAFe A L vygdsF FHAL & 489 AAY FEA
of 2tz 24X %9 ANF A,

NzAREE ZNAE 10%, A5 47%, 29 ¥ 31.8%, °

FE5EEY 5%, oF 5%, viEgNH FA FH vvB EFE 12%

Fu

2 FAHYI(Table 5-3). o]2ddoje Al dJQATF

2
Lo

HAAEFE2(Kim®} Ahn, 1993; A3 A, 1995)7 Adoj9 I 8 F

o
o

6~0.7%(0Ogino% Takeda, 1976)d 7] 3o o] &7tF A9 &

o

S5837 939, dAAZE(monocalcium phosphate: MCP)
2,3 2 4% & 294 E dAFA FHdA.

2%' AYPA g9 EFEL Wenger Extruder X-1858 ©] & 3}
o g e z2doz AFY 4mm A7l9 Aoz FFdgd:

Feeder RPM 35(% 7&/h); CylinderWl steam 2 water, 395kg/h 2

o

21.8-25.8kg/min; Extruder barrell steam % water, 865-966kg/h
2 2.2-26kg/min. A¥AEE HEF 2 HF40 GY/ME)e 2 &
AP wixsdd. 712A 89 A 28382 A¥L 7288 A
2o A3 ESE 1% FE F ST EH7

¥ HdEgsidoen EAFS AE 1944 A& ug ol HAER

o
o
o
_(3{_1‘
2
g
4
b

(settled feces)d} ¥ A & (floated feces)S A 33l
A, AbE U ol & 7t% § <(available P)2 4 d 4 A A=Y
2o AP 149 & WHPoz 71xA89 FHE o8I T

—~
12
2
lo
kU
-
2_[_«‘

o



Aol o A AG(Table 5-4).

. Arg e
c8AHRY ASFA R FAL H4F 144 des¥® RAH
FEdAon 22 d 4F7N1T F< 28-30T2 FAHUG. 49
ArRE 94 3d4(09:00, 15:00, 18:00) i3 AH=7F oA oA
T4 A,

Table 5-3. Ingredient composition of the basal diet

Ingredient Basal
Brown fish meal 10.0
Soybean meal | 47.0
Wheat flour 31.8
Fish protein conc. 5.0
Sardine oil , 5.0
Vitamin mix." 0.8
Mineral mix." 0.4
MCP -

Total 100.0

"Supplied the following amount per kilogram of diet: Vitamin A, 40,000 IU; vitamin Ds, 8000 IU:
vitamin E, 100 mg: vitamin Ks, 6mg: thiamin, 40 mg: rboflavin, 60 mg; pyridoxine, 30 mg; vitamin
Biz, 0.4 mg; pantothenic acid, 90 mg: niacin, 180 mg; biotin, 1 mg: vitamin C, 150 mg; choline, 750
mg: Mg, 240 mg: Mn, 60 mg: Zn, 120 mg; Fe, 84 mg: Cu, 24 mg: Se, 0.12 mg: Co, 39 mg: I, 6
mg.

9. 2A %S

A4Y 19 A& € vt FId}AG.

®
HE
2
oZ
A
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AgAs % ofae] durA E(Tables 5-4 ¥ 5-6)&
AOAC(1990)9 W yol wat AF 1M AEE v} o] MY
o}.

Table 5-4. Chemical composition of the experimental diets

.. Diet'
Composition ‘
Basal MCP1 MCP2  MCP3 MCP4
Moisture 15.16 13.91 13.60 1350 14.67
C protein? 40.15 39.87 4051 3985 3974
C lipid® 9.98 9.61 10.02 9.43 9.32
C.ash? 6.68 7.42 7.94 8.62 9.16
Ca® 1.59 1.73 1.86 2.10 2.14
p? 0.77 1.03 1.26 151 1.76
Av. P 0.12 0.36 0.57 0.80 1.02
Monocalcium phosphate, BASF, Germany.
23/100g DM.

3g/l()Og DM, calculated based on the determined value for basal diet and the P availability of 90%
from the MCP.

AW ARLE d2EFH 713F Awo] @y d
g8 E3 ZA2%37 A Ed(Wenger, 1993) & 7t Esigoz d
2 ¢ E(C2Hs0H) 2me &t A & QG A4 (Conc.HCDH 10 E 71 F 158
b, Agsd Tt RAE F A 48 dEHE FEd4 g8 £
Ao, 28 AAA 150t FaAdd HEF 100 7S
AAE F FA F43d FESAGCEE/A ) AEFALH, Y
WA ARE Zlg HE BHe ogdUT. AxAEY A 28
£33 A4 A B B3I EC0, 282 24 AZF39 F
Axde 248 144 ded oz 48U



A3d 2% % 17
1. 30%E 87T AAaFdA9g A aFFMAHE 1)

7ZH.FA, AR 78 R 9 ol8F S

aE 2 438A485<c 99 3F 38%, AW 8% =4
€ BJoen FFo AL AN ZEMCP)Y F=Fo F7HE o
g SR, F£H o2 dgH A(P) £F £ FIE AFE
B Ao (Table 5-2). @3, ALHA F4E9 MIA22 FHE 712
AL 8 (basal diet)e] ©]&7b% 1 ¥ %F(0.24g/100g DM)L 4% o A
gt 2ol ERAUVIYoZ FAHYF YEAEY o&7% A FFe 9
# ALY $2(0.15g: M E 30% x 2.54% P x 14% = 0.11g, ©
Fu 30% x 0.77% P x 11% = 0.03g, 29 & 25% x 0.42% P x
10% = 0.01g)Ech 4 £/ Yedd. APAeS 85 % YA o
2FdddY FAZF, AA2HAZF, A5 TE(FCR), @93 o835
€ (PER), 994 %A 4 (DGD¥E Table 5-5, Fig. 5-1¢l Y e ¢ utg}
2o.

AP XY vF AEBHHAFL F 45g2F A F
FAAHQA Ao E BolA Ao (P>005), TAFLE MCPo AHs+
ol F/NHEFE FHEA 2% FFFMCP22)A AN 7t F A YdeER
. 28y MCPY H7lFE0 3%FdAE 2% 7 vl 23
2 gasdon, oldd AL 4%, 5%2 A4S E0 FASAE
TYsA dgdo.

AHE R F & (FCR)2 MCP277t 1028 713 $489x

(P<0.05) 71 2At& 7t 1512 713 A =3 A (P<0.05). 7] £ A & o
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MCPE 1% H71& Z3d A858F8° 1222 Fd4Hoz MAHA
© 9 (P<0.05), MCPE 2%72 #7sod fade ALA7} 067%=
g d7Ax A4Moz ABRTFE AUUASY 3% o4 AR
FANE o o4 Ado Ged 28 ARaTEo S
2 AHFHAD(PL00S) A A2 F(MCP 3,4 € 5%) ole a7t
Ve U A % 9 TH(P>0.05).

Table 5-5. Weight gain and feed utilization of carp fed the experimental diets

for 8 weeks'

Diet
Items sem
Basal MCP1 MCP2 MCP3 MCP4 MCP5 .
Initial wt.
mitial w 18.1 180 179 179 180 180 06l
&/fish
Wt. gain d c a b b b
29.4 37.0 44.1 39.4 39.9 39.4 0.72
g/fish
Feed Intak .
eed MtaXe 443 451 450 443 445 441 116
g DM/fish
FCR? 1.51° 1.22° 1.02¢ 112 111° 112 003
PER® 1.58° 1.95° 233 217° 220° 218 005
pGr 1.81° 2.15° 244*  2268°  227°  225° 003

Walues(means of triplicate groups) in the same row not sharing a common superscript letter are
- significantly different{P<0.05).

Feed conversion ratio = feed intake, DM/wet wt. gain.
3Protein efficiency ratio = wet wt. gain/protein intake.
Daily growth index(%) = 100[(final wt.)*® - (initial wt.)*}/feeding days.

w4yl o8 7 &(PER)E MCP237F 23322 7% ¢
AL (P<0.05) 71 A& F7F 1682 73 Az A d(P<0.05). &9 3
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oE A EAME ARS8 TEAAN @& A Zo] MCPE 3% o4
A7Astdx o ol g Adol gAow MCP3, MCP4 ¥ MCP57
Zole zol7t A UK (P>0.05).

Y ZAF(DGDE d9 A oL FELAM Yetd A I
#Zo] MCP2At8E 9 F7 2442 713 35389 2(P<0.05), 71 At
8 3977 1812 7% HZ23Aon(P<0.05) U A e F3H
A& zol 7k A TH(P>0.05).

7124879 F39 oJ87% I #Fd MCPE2HH #

Eu)

d A9 o8 90%E sty ALY dPARY oJ&T ¢ F

AN

S AR A EVNE 22 (DM basis) 0.24% A4 1.27% =2 v, @
B, 32449 23 MCP 2% H7tF (el 875 & 067%)0 A FAF
# oty FCR, PER % DGI7t 7% $+%A JdeE Y Oginost
Takeda(1976)el 2lsl 2@ Jdojo A 8 FF(0.6-07%)% xto)7t
ey A G,

a4y HF H(1995)2 MCPe H/M$+E8§ 53¢ A8
€ ¥ 104g9 ojzgddojo] FHUEd MCP 1% H7FF (o] &
e d ALA 034%)7F F AT vl& S A%, FCR 2 PERAA
AL F7HE dealouyd, 2 o4 FNAFAMNE F9HA F
ZAAel 2AHA gAddn B2, ol & ol AYPA
2 24F AAFY Aold JAF Aoz Holn, Ao F R
b 22 27143 DAY AFAMEG SAHAY Hod e F7]
T FUAEZDAY o FAAN A 8 FFo] © L&A ol F
e, Fddre A AHF 24g9 4 & F Fol 0.8%(Andrews
F.1973)0 @d, oA F 2gd YoM e 045%(Lovell, 1978)2 B 1

g, 284y AR A 7P &L ol&% <o ofd &
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Aoz A Lovel(l978)8] B A ge 4A 3o o&rts A& ALY
38 05% FE 2 2g7 24g9 A FoA MY A &4 Fe] & zol7t
gee 2 % A, #A% Ketola® Richmond(1994)= o 1% 9g
3 35g9 FRAMEoYd A 2FFo FTYHA ¥¥SE H1FHR,
Oginost Takeda (1978)7 ol A% 1.2g2 ZAA%ols 9 2722
07~0.8%% 4 m3 %2, Rodehutscord 9 Pfeffer (1995)= # % 5
0~200gd FAMESeld A 2 7% ATARYW 037%% 1 B33
A . |

oleig AAES AN B o, 2/43eAY o|FFE o
€3 249 Ad 8F7FL F7 € FUNAF GAAAN AEFAHHA
kg "eAHo A FAG. AFe AdA AzAdIAFS A
%%ﬂl‘éi Z7k8 7 W Eol Bl F/E wEd ARY o8It
Adg &L AYgHez 4" £ Y& Rz wBA. Fig. 5-1d
N o2 % d%o AR, ARLTE L YYABALE ALY o

ol 87t% A L FFLE dEARY 067%Y RE & F AT

U, Az37 24

MAle 8529 ARE 4AF Faod Azmy 2y
Table 5-691 Uty vhsh Tk AAos 2RFBFE 9% 724
8 7(767%) 2 MCP #7 7 (37 753%) vl f9802 s
G(P<0.05). ol A MFol Fr(BgAN 56gC )4 E £E T
& 7;}3;:"?}‘3}% ‘.!?'..T'_(Gerking, 1955; Brown, 1957)¢% 94 X & k. A
AW wwd 2L RE AYTA O 15%T HASA e
o, ol MA138% Wl FgFeog FATE HoAG. A%

MA A7 45%2 7t Fdon, 712A82F7 64% 2 MCP 7



F7b 7304 77%2AH AAAY ANExARF vl RF FHL
2 F/sdd. g8 A$ MM 20%2 ZTE HAFETF 1.9%
Hd =g, a28d A9 FS MMt 03%2 tF wgted
MCP57F 7} 036% 2 713 %o, A ¢ 71xA 879 MCP H7+
e F98Q zAole TAHA FH(P>0.05).
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Weight gain(g/fish)

FCR

DGI

Figure 5-1. Weight gain, feed conversion ratio(FCR) and daily growth

45.
40.
35.
30.
25.
20.

- I - I
W WO = N A

oo O O O O

P requirement

Available Phosphorus(%)

index(DGI) of carp fed the experimental diets
for 8 weeks.

A
0.24 0.42 0.67 0.87 1.07 1.27
0.24 0.42 0.67 0.87 1,07 1.27
0.24 0.42 0.67 0.87 1.07 1.27



dFe AolAYW QA FBL A% AME 2 AFel T
2} okre Aol & AR H(Piclet, 1987), A A ¢ 93 A F
A4 04~05%2 AUdAo2 dAF +F2 2 # A °h(Lall, 1991).
Zeu Jole A A9 +F2E& AAF T5~114g9 WAAA 03
3~070%8 & ®WolE 4Yetdz o (Ogino} Takeda, 1976),
W atanabe $(1987)9 A F oM oA F 6~50g9 YoM 048~
056%% Ueum At 1Y A $(1994)7 ABAEE 4@
45-53g9) ol2BddolE EHP AAE 031~035%2A £ 23
o £A% Sasdn. aAY o 170g% 280g9 o £ A of o A
249 A9 BB AF PF 053% L 047%2A FWHoD %
A e, 1994; A3 A, 1995).

4(1994)€ dolzt ol zaAdolel wa AW A FFol

R

& ofE Yol wMEz BAY PHU dEoFL AHFHY
o, @W, AEAETY FF APFFo] MCP A7Fol ua %9
Hoz wA uektd, Ogino $(1979)0] BF AAANZ 2.4g9
YA S ol gatel o] AAVH(DCP)H HAVLE(TCPIS 242 A7
sl AbEU $d0] 09% L 069%FE AEE FA® 27 A o
AW AB e Bl 474 11.0% L 106%E AALUEFS F4E A
2 FAT(6.9-77%)2 ERdn® 2ug, dojol oA AR
Aol AWPFBIH A 24el slAE GFo) AdA AEU AS
0.0032% 1 4 188% 77 @3S Lestel 62 AP AF AR
Qo] B Z3 A 2(0.0032% 2 0376%) Fo FAA =AW AP FF
o 95% At wWako, I FFo 1.88%A ARFAFAAE AU
Ay g sol 60%2 AFFol $ET W ANPFFol FAMATGE

Takeuchi®} Nakazoe(1981)9 ®H e Aol AAE JvetuyAd.



Table 5-6. Whole body composition of carp fed the experimental diets

for 8 weeks'

Diet Moisture Protein Lipid Ash P

Initial 793+0.32°  138+018" 45+0.11°  20*0.08 0.30+0.02°
Basal 76.7+0.13°  151%0.12° 6.4%005° 19+0.01° 0.32£0.01*
MCP1 755%0.05°  15.0%0.10° 73+£007° 19+0.01®  036+001°
MCP2 75.3+0.02°  149%0.24° 77+006°  1.9+003® 035001
MCP3 75.3%0.15°  151%0.13° 74%0.14°  19+004®  034%002%
MCP4 752+024°  151%0.12° 77£0.10° 19+002®  0.35+0.02°

MCP5 75.2£0.15° 150%0.15° 76+0.35° 1.9%0.03* 0.36+0.02°

“Values are the means*SE of triplicate groups, each pooled from 15 fish and values that in the

same column not sharing a common superscript letter are significantly different(P<0.05).

o, A4 H A9 wiMF

AAMUH FAA(THZA/625) R A9 EHd 7o AYS
24 9% A9 wiHdFH} FHEELEL 44 Tables 5-7% 5-8, Fig.
5-20 Yegy Ud. 8537 A7 T @vtedd oF AHE
AA2FL 29~30ge2 AHYFIdd FA4HI A7 AUy
(P>0.05), vIg AW FHd ALFL 7124285877 075g22 71 %
9 gl o o (P<0.05), MCP2+7F 1.07ge2 713 A dJdegwg
(P<0.05). z34v MCP2, 3, 47 ¢dE F93A Aozt o
(P>0.05) 099~1.07ge =2 IdAFA HKAHAG. T2 FHEE
(NRE)2 MCPS] Hbe&Eol F7tgd w2 251% (71 24 EF),
30.3% (MCP17#), 356%(MCP27)8 #9439 F/1848¢ By
(P<0.05), 7t &) 2%(MCP27) 29 AHFoAME #9434
ztol 7t A A H A F A (P>0.05). A} Frolg AFo 7w
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o kg FHASHT ALY 4L WMAFL 44.2g(MCP27)dl A 758¢g
(71228 F)9 & WMol & Uegyed, MCP3, 4 2 57 ddE &2
2 AAol7t AU (P>0.05), MCPIF & 57.1ge 2 AHFF Fd
A2 & & BYH(Table 5-7).

Table 5-7. Nitrogen(N) utilization of carp fed the experimental diets for 8 weeks'

Diet N in diet N intake N gain N excretion NRE?
1

2/100g DM g/fish g/fish g’kg wt. gain %
Basal 6.70 298 0.75° 75.8° 25.1°
MCP1 6.74 3.04 0.93° 57.1° 30.3°
MCP2 6.72 3.02 1.07 44.2° 356
MCP3 6.56 291 0.99™ 488 34.0°
MCP4 6.51 2.90 1.01° 4754 346°
MCP5 6.56 2.90 0.08™ 487 337
sem 0.03 0.06 2.32 1.14

'Walues{means of triplicate groups) in the same column not sharing a common superscript letter are
significantly different (P<0.05).

2Nitrogen retention efficiency = 100((final body wt. x % N in whole body) ~ (initial body wt. x % N
in whole body))/N intake.

R, A2 TY48d B2 Heoe 28 g &
AAZFY A% s 249 &Fo]l MCP A7t 3o wed @7
W&o, MCPe #H7sxEo F78d o 0.53g(ﬂ§4ﬁ-?)°ﬂ*1
1.03g(MCP 57)22 & HHFdM F4HA F771 F2HAG
(P<0.05). 28y mi7d Q4 FHFL 712AETF(0.100)8 AT =
E AdF7 o 0.15ge 2 FUA FAFIA.

A £H¥EE(PRE)E 712 A8 77 188% 2 713 2 gtd @



W, MCP177t 234%2 713 ¥4 dgxd. 233 MCP9 E7ts
ol Z7%d wa 216%MCP27)A A 148%(MCP5%)2 A & 3
J #F2d84E v R, AAoig Fro HFd rPadq ALY
g kg ZADIT U WAEFL 129g(MCPLF#)A M 223g(MCP5F)
24 MCPe #H7AFEol $7¢d wa F4Hez2 Frsgdn. 2
gy MCP27(133g)e 73 ¥& £#X& 2449 MCPI7*¢% #9494
A Aozt ARedw, NEFABRTFY A 146g22 HEA T A
A3 AWA=2 Ed(Table 5-8).

Table 5-8. Phosphorus(P) utilization of carp fed the experimental diets

for 8 weeks'

Av.P in diet P intake P gain P excretion PRE®

Diet g/100g DM g/fish g/fish g/kg wt. gain %

Basal 0.24 0.53' 0.10° 14.6° 18.8>
MCP1 0.42 0.62° 0.15° 12.9° 23.4°
MCP2 0.67 0.75° 0.16° 13.3° 216
MCP3 0.87 0.83° 0.14° 175° 16.8
MCP4 1.07 0.93 0.15° 19.7° 15.8°
MCP5 1.27 1.03° 0.15° 22.3° 14.8°
SEM 0.02 0.01 0.66 156

Waluestmeans of triplicate groups) in the. same column not sharing a common -superscript letter are
significantly different(P<0.05).

*phosphorus retention efficiency = 100{{final body wt. x % P in whole body) - (initial body wi. x %
P in whole body)}/P intake.

Aol @ FELFe FIHoEZ FeAde AEZ
2 fAs) WEol AEW ¥ 2Pz AR dd £3

AL o7 Be dFAAN BRuHAdF(Wiesmann ¥
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1988; Ketola %5, 1991; Kim3# Kaushik, 1992; Cho, 1993; Jacobsen
3 Borresen, 1995). Zeiu ol H @ AFE T doFd TeHx
ol Zue AR 2ol YolFAe) gF odes vaREE A
o Bojuy oY, 2 ABAEY Fele @ kg FAY A
2 o wuee MAe 25g8 A PF A% 51g 2 12.3g(W 3
£ 1994) 228l JRAlel 194g9 A § HTF 4 F 546g 2 12.8g(A,
199402 pasiol gtk B 49 A3 MCP27e A4 wyFe
a42ge 2 AR Rgtd, olE A9 YA 47FF 20z A
Az 2420 2AVAN A Aoz 2PAG. A, A 4P
& 133ge 2 MCP1F#(129g)d vlsf #2339 zoje eyt <
ey

B oAYA HAFETH Amolsre, A4 R A wAFol
2AUY o7y Ao £Fo 067% MCP277 7% ¢4 a7
deEd, ol Ae olFY ATH 4MF L A ARE BRA
7 Ogino® Takeda(1976)d] 93 B3 g dojo A 2 FF(06~
07%) &A% ANHT A, 2AY B APAA AR %A oy
MCPI17e 2499 o WA2e A3 2199409 AHaA v
G ABAEY Fodd @ £AG fAN U MHTY FAEW
ANE ANQEHE molx G o]Fe B APAEF MCPL A
29 39 $FL 128%2 AT 2(1994)0] A EE ABARY FTF
F A%} 150%8G oy AANAHF o] (107g vs 18g)9l
g Aoz HAY, =, 18z ol2gtdYolyd SHEY s FFL B
AP M 2ol 067%2 VEyg W@ A3 219959 LFAMA A
AAF 104g2 ol 2dAdola A FE ANA I 034%D o (MCP

1% A7 F) 713 A do FYdde B1E AR sl& o ABAER
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o FAEZ FEIY 27 Fo AL $5AUY Rez Add
o

23 (1995 ¥} AAYTLY £38 8% T 40%
2 2% ¢ A2Y MCPY A4 20 e MAAANSF 104g o 22
Agole] Q wMHIL ZAY 23} MCP 1% HFATFAM 56502
g WA dERoz #h9ed, o £ B 4723 MCPIF
AN yeg f2A809 50% o4 2" Rojo. maAN A9 &
o] e A 9 ojEH e YRARY Loz AEY A9 4
2e a7% $£302 29 A% A MEB AP ¥ A5
oz NeEd. ¢d©, B AYAY 4%, ¢y AL 4
MAdZe P 2 W Fig. 5-29 2ol o} A3 18g9 oz d
o o} 7
2 4

(Y

0%

S AEANEY 87T H A 87FL2 067% Y A
W,

lo

iu)
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Weight gain, nitrogen loss(g/kg wt. gain), nitrogen retention
efficiency (NRE, %) and phosphorus loss(g/kg wt. gain) of carp
fed the experimental diets for 8 weeks.
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2.8 10%E8 /T AR F94A9 d 8 7F(AHE 2)

3 Z1ZAEE 99 40%, AW 10%9 24
Bon, g AL YAQABEHEMCP)Y FFo ZFsgd wg
N2AE 67%NAM 9.2%(MCP4A)Z 27892 Holo} &% A(P)
FE £ T8 FFS HAG(Table 5-4). &3, AL} AR
o MYoez =AY 71 xA 8 (basal dien)e ol £7t% A FHe
0.12%c 2 dexnod. d48ARE GTZ} ARG olzatddoly F4
F,oOABAMHAFE, ABRONLESE, GHA l%za—, dAd4BZAFE
Table 5-9, Fig. 5-39] v ety¢ we 2o,

AY7I% B¢ vtAF AEBAE HAAFS AJFTdAE
53~58g0 2 foHQ RolE BolA FATH(P>0.05). FAFL 7|
ZAEF(I47t% A 012%) AN 438g2 2 o §71% <A 0.36%F
(496g)9t = Aol 7F AA2Y3(P>0.05) YUsix AHHgFHRG gz
(P<0.05), ol & 7t% 2 0.36% ol A E o7t AU TF(P>0.05). A
22 F&(FCR)S 1.0001 4 1339 ¥92A 71248 F9F7 133
o2 7% v A YE RO (P<0.05), o 47ts AL 036%2 F7HA
2 A% 1172 fdHoz2 MAHAR(PK005), ol &7t%s Ao
057% oA ez Z/AsdodE A2 F &A= o7t ¢l A (P>0.05).

2Md o] &HEE(PER) BEF 712 AR T 188X ol &7t%F
d 1.02% 77 2512 Fradn. 494 FAF(DGDE 243944
2952 M ol &#7t% ¢ 036% ol FedAME ot AR2U(P>0.05)
ol g7t%s & 057% 77 A JUEHPLH, V12AEF ¢ ol&7tT
Qd 036%F S @A AzaA e R (P<0.05).
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Table 5-9. Weight gain and feed utilization of carp fed the experimental diets

for 6 weeks!

Diet
Items sem
: Basal MCP1  MCP2 MCP3 MCP4
Initial wt.
ftial W 348 343 34.0 335 335 2.67
g/fish
Wt. gain b ab a a a
43.8 496 55.9 53.6 53.3 3.03
g/fish
Feed intak
eed intake 58.0 57.8 575 54.3 53.4 181
g DM /fish .
FCR?® 1.33° 1.17° 1.03" 1.01¢ 1.00° 0.06
PER? 1.88° 2.15° 2.40° 2.48° 2,512 0.10
DGI* 2.43° 2.68%° 2.95° 2.87 2.86° 0.14

'Walues(means of duplicate groups) in the same row not sharing a common superscript letter are
significantly different(P<0.05).

Feed conversion ratio = feed intake, DM/wet wt. gain.
3Protein efficiency ratio = wet wt. gain/protein intake.
Daily growth index(%) = 100{(final wt.)* - (initial wt.)*}/feeding days.

BEEE 2AF o) 87t% A9 FFo 057% MCP 2% H
b7 FAZFE oYy DGIZE tF ¢ 584 I—}F—}‘:&r‘:—ﬂhl, o] g
& FAE 48 194 18g9 o2 AdYolg o8y FTF A a
TF0.67%) FAROE 01% FRG. ol 22 ARe FAMSE
AN 23adg WL F, Oginod Takeda(1978)7} ol A F 1.2g F A
MEole A 2FF L 07~08%2 B3P, I3 50~200g9 7
A 7} o 9 bl LTFL AEAaY 0.37% 2 3 Hag
(Rodehutscord 9t Pfeffer, 1995) W&ol H A2 o 2 Ao A+
2 zole RolA FAN Jo]Ad A ojAF F7td wat A 27
of Yot e AP ASTE ¢ & UG,
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Figure 5-3. Weight gain, feed conversion ratio(FCR) and daily growth

index(DGI) of carp fed the experimental diets for 6 weeks
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G A2y x4

Aot 65 ARE MAG FEoje Mzy 2AHL
Table 5-100) ‘e wieh gk AN FR2EFL 758%2 o
47t 4 1.02% A F(MCP4; 76.3%)2 A & AadFr §9
Aoz A dekw o (P<0.05).

dojAd 9l &FL& MCP3 7 149% 24 MCP2 F

g AYE ge Frg FAx¥ez o (PO.05), MCPIL

ple}

MCP4 77 22 142% % 143%2 7h3 2 A 1} &% o (P<0.05).

A e AN 65%2 o875 A F£Fo| 057% ol 4
9l F(MCP2, MCP3 2 MCPA)S $ 42 #Holg Molx @go
U4, ol 875 Ao 50 0.12% 2 036%FAME 11% 2 96%=2
B wa EA HeERo(P<005). olH® AHE o &%
A $Zoz Agae f-AunAHo AAS AW ALY B ol
F7t&¢ 9= Takeuchi®} Nakazoe(1981)9 H 3¢9l dX3= AHY
o BHE A9 g% A £Fo 1.02% T 23%2 ol &
s A 057% % 08%TE AMAT B HAFug fd¥oz B
20 (P<0.05), AtEW 3 &9 2 oAy 38 3 Fo %—7}8}%
Aol AAT. 2 2F 2EH A EF FAL AL A

A Fs AAMY A $FE AF, AAF L I o] o
g ozrel Aol EAFANY, Al FY B 04~05%2 4o
2 9AY £2¢ FASG(Lall, 1991). 2 Y Qojeo A Ae &
T2 AdAF 75~114g2 Hdd A 033~0.70%% 2 WolE ey

A2 (Ogino®} Takeda, 1976), Watanabe % (1987)2] <« T o} A

K

rir

AAF 6~50g dojolA 048~056%=2 JYElY T Ao, 28y

A7 $(1994)7F NBAEE HAQ 45~53g9 ol2GAdYdo] B B4
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A 031-035%=2 Yetg oo <o 170g3 280g9 o2 A Y
ool N ETAHE Ao @IS AR BZF 053% L 047%2 A AU
o2 FA JdE RO (H, 1994, B A, 1995).

Table 5-10. Whole body composition of carp fed the experimental diets

for 6 weeks®

Diet Moisture Protein Lipid Ash Ca P

Initial  758%+0.11° 146+0.11° 65+025° 18+008° 0.7+006° 043+0.01°
Basal  71.6%0.08 v14.6to.01° 11.0+£038° 1.9+004" 0.7£0.04° 0.39+0.02°
MCP1  733%0.11° 142%001° 96+046° 1.8+020° 0.7+0.06 037%0.02°
MCP2  75.1%0.20° 14.7+002® 75%0.06° 21%0.05° 11*0.04* 045+0.01°
MCP3  749%035° 149%0.03"° 74+045 21+005® 1.0+0.02® 044%0.01°

MCPA4 76.310.17° 14.310.08° 65+0.42° 23+005° 09+003™ 0.44*0.00°

‘Values are the means*SE of duplicate groups, each pooled from 10 fish and values that in the

same column not sharing a common superscript letter are significantly different(P<0.05).

2(1994)& Yoi7t ol zzkAYdolol MH oA AW U FFol
£e olft Aolst ME=z 24N LAY/ WEeldz RuHA
G. % 49 A3k 875 As £Eol 057% AFFAM A
FL o 044% 2 oA F 18g& ol & T A 1dAAMY HFA 035%
BT EA Uodn. AZAEFS o 87E A 036%F B4 A
AgFFol BAATFA vA fA¥oz wA dsgEd, o e
Qle] A YWY AT (Sakamoto} Yone, 1978; 1980)3 < o] (Takeuchi
o Nakazoe, 1981)8] oAz AW AMEA g FASAdE 474

59 A% T ¥EHA.
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9.oAa 2D Ao WA

AW wUwA W Ao FAH swad AYY 2 P
Ao widFHN EHEAEES 242t Tables 5-113 5-12, Fig. 5-44d 4
By Ak 6529 AW 5L dolAe F AAY V2
e 34~37go2 ATl M Aol QAL U(P>0.05), 5t
A4 oA 2718 2T JaxAEFs MCPL 77 27 1.02g
92 1ligez {HFogHyez Pgten(P<0.05), MCP2 F7 133ge =
A% A dERT. 28U 2 o4 A £EAME 989 F
o7t glel YHEA FAAAY.

244 5L (NRE)S AR ol 8715 Ae #2o] 2%
of M} 7Z12AE P 274%, MCP1 771 301% 2 Z 73t 7 g o
ARy F#48A sAols FAG(P>005). 28Y o] &7t% <ol
057% (MCP2)2 Z 718 A 356% 2 29 HUAP005) 2714 B
Qov, J4ts A FFo) 057% olAA APFAMNE FHY
o7 BAHA B

ANolsk Frolel AT 7Nt kg 2ABAL AME
WA MAFEL 412g(MCPAT)N A 620g(71 2ALEF)9| 2 Wol &
YeWed, 712480 MCPE 1% d7lstad o $7t% Aol 0.12%
A 036%2 FHE B kgFAZF FLuAHgol 62.0g M 52.0g
ez foyez Z2IAoW(P<005), ol &5 ol 0.57%
(MCP2)2 F7v& 2 (MCP 2%) 429go 2 < 23t ovt &
gaEs AR (P>0.05). & H, o] &7tF Ao 0.57%(MCP2 F)d A4
Qo4 FHGAE B2 MABE SAMUA BAHAE QA

(Table 5-11). &3, & d8oA I 82 FFe] FFg MHaF9 FA
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9 Z22uAdF R B2FHESLE AT 18g9 4¥(HE D
A Fod FA% A FASRA deau, 4FSHAE o7t S E
BAFEAG. ol A9 Y 87F $F22 A8 24 F3H &

ZhASUA JlAe Hoez 2RI,

Table 5-11. Nitrogen(N) utilization of carp fed the experimental diets

for 6 weeks'

Diet N in diet N intake N gain N excretion NRE®
2/100g DM ‘g/fish g/fish g/kg wt. gain %
Basal 6.43 3.73 1.02° 62.0° 274
MCPI1 6.41 3.67 111" 52.0° 30.1°
MCP?2 6.39 3.72 1.33° 42.9% 35.6°
MCP3 6.38 3.46 1.30° 40.3° 376
MCP4 6.36 3.40 1.21%° 41.2° 35.6°
sem 0.17 0.07 3.75 1.41

"Walues{means of duplicate groups) in the same column not sharing a common superscript letter are

significantly different{P<0.05).

2Ni!trogen retention efficiency = 100{{final body wt. x % N in whole body) - (initial body wt. x % N
in whole body))/N intake.

A AT AS A=Y A9 FFol YA F(MCP)
of @rhwol W eyl wWEol, MCPY H7tsZo 27 8o wat
0.44g(71 ZALE F)ol A 094g(ol €715 < 1.02%7)2 & A FoA
FAAHA F BRHAJATP0.05). 28y vt A A F
VFE&E 712 AEF(0.16g)9) ol &7t T A 036%TF(0.17g)E A9 #
G A TAN 0.24~026g2 2 o 4 (P<0.05) FHBAHE Bol W

Aouzd 2302 #A9UY.
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Table 5-12. Phosphorus(P) utilization of carp fed the experimental diets

for 6 weeks!

Diet Av. P in Diet P intake P gain P excretion PRE’
8/100g DM g/fish g/fish g/kg wt. gain %
Basal 0.12 0.44° 0.16° 6.5° 36.1°
MCP1 0.36 0.60° 0.17° 8.7° 27.8°
MCP2 0.57 0.72¢ 0.26° 8.3° 36.1°
MCP3 0.80 0.82° 0.24° 10.8° 29.5°
MCP4 1.02 0.94° 0.24° 13.1° 25.7°

SEM 0.03 0.01 3.75 1.75

'Walues(means of duplicate groups) in the same column not sharing a common superscript letter are
significantly different(P<0.05).

2Phos;:ohorus retention efficiency = 100{(final body wt. x % P in whole body) - (initial body wt. x %
P in whole body))/P intake.

dd £HEE(PRE)E 71242877 361%E o g&7t%s
057%F % T4 #2< ugd #d, BHYFE 257%0A
295% 2 <o F g F(Basal, MCP2 )2t %A dewo
(P<0.05).

HAolst Faolel MFol Nwstd ALY kg TASYD
A wMHFL NxABFI 6502 7tF Rgon, o g% A9

Fol 1.02%2 713 E¢Y F(MCPHZ 131ge 2 743 5 A 4

ES
B o (P<0.05). 71 2AL& Fo MCP 1% % 2% & H7stod o &7}

off

Aol 7 0.36%, 057% 2 F 73t o A9 wAdLo 93
22 F7H3 A28 (P<0.05), o1 &7t% < 057%F7F 83goz2 o &
7bs Q4 036% FERTD 4 Fosdenvd Aol udeuA fdd
(P>0.05). 2384 o&7ts <o 057% ol¥ez FHE A%

10.8g(MCP3)# 13.1g(MCP4)2 2 H 9 3 2 2 (P<0.05) Z7}3st 9o},
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AzAE7e 249 Q WD 2QY A4S A FHEL] Fa
Q gHBel PG 044g 02 ARz ofF RRAUA 7A@
Ziii B A g (Table 5-12).

U ABAZY ol 9@ kg AT A& 2 A WA
Ze 528z L 126g(A 3 £, 1994; F, 1994)e 2 BuHAY, w9
#, 49 19 Table 5-8014 8 2730 258 4979 Q v
M#e 133ge 2 E A9 A% doiA £A8G YA 2A u
grd, odRe AzARY £ ¥F AoldA A Aoz na
G.% B Addd 48Y AZAET £U FIE 08%AR
W, 94 4de NEARY £ VIS 12%2 ER7 ALY A

o9} 2 A HAF AswMigoezr FUAdd &L 7
T 253 olgvte & U9 ¥FE FAANL BF L wAHZF
a2 2 #FA2E F ALSE AANEY. @, 2 AYdM AFeH
Ao B8 EE, 49 A4FAF, 4 9L A A ZFd 2 AGHY o] &7

olf

Qe FFo 057%2 MCP 2% H72l+7 713 4384 degy
Ed(Fig. 5-4), 49 1A yegd £33 067%Eds= 01% A ¢
gteh. ol AFye AAY FN = MFY FG A ARAY

Hdol Z7het7l WEA Aoz H4Y & AL Aol
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Figure 5-4. Weight gain, nitrogen(N) loss(g/kg wt. gain), N retention
efficiency(NRE, %) and phosphorus loss{g/kg wt. gain) of carp

fed the experimental diets for 6 weeks.
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AMad He 2 BE

1.

olE 330%E FHFT AR FAANY U4 2 FFAEE 1)

B2 AaolgirE, 2L R A uAHAZd AT HIF oA

z

sz
7}
U
o
2}
o

18g¢ ol22tdgoje A 8 7FE A&7 Ao, ol 30%
gag 71zAsd 2A3LEFMCP)Y 712 o &7ts A9

TEHE Al E 8FFY FH4E A= 4S5 2o
LAET TG ovEld AEAHAHAZFS 4 45522 F4HQY
ZAol7t WAL (p>0.05) A, MCP H7b5E ol 0ol 2%
2 578 g FAFL F4Fez FsAdG. 28y
3% ol H/FAME F3 2% HAAFA vlH FAFH2
2 Fadc BgE 2449,

L ABRR2TEE 1.020MCP2P)A A 15112 AR T)Y ¥AR
4 MCP3, 4, € 57 & MCP17(1.22)e vl FdHo
2 ¥dtoy MCP27RY9E T3 FAH2E 4.
WA ol 4 S (PER)E 158(71 A8 #)dl M 233(MCP2
7)o YHEAM AsaFE&FY ol MCPY HIF & 3%
old e AlE Fel M MCP27d Hls 25 F43A 4
d4€¢ 2d4.

.Y ARAFAF(DGHE 7Z12AE T 1812 HR H %o,
MCP2F 7t 2442 7} % E 3o,

M2 AETY A MZAYW FEFFo] MCPHZEF A ¥
3 Eten ANEEFE A Jdgwd. 2y A+ F

8 gua, AP L A FFAAE FAHA Ao E Bl

e

@, dH, Ao vy EE AT FRFZF F
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zAsA
Fe FY94 Aol g
2

2 MCP2#7 v 3

rlo

uy

N

o Wl dwF Ay g g FF

v, AF7)|BEd AF ARG a9
BolA ggtoyd oAy FAHE FA
1.07g2 2 7} =3, 712248 F7 0.75ge 2 713 vt
o.My FL £HE5E(NRE) 28 MCP277F 356% 2
1 sed, 71xA & T 251%8 b vt a8y
MCP #7bF &0l 2% ol ToAAE 93 Aoj7t 27
2 ko,

AL, FACHT AL A FS MCP237F 442g20 2 713 3 %%
on 72 ARETF7 758g2 2 1B = %o,

°l. MCP H7t+&e°l F7ded wet AW Ay FFo F7}
%}‘}171 dE vilad U AAFE 4 HYFEE F9FHQY
T7He B39, 284  FHFL 71 2AE F(0.109)E A
gatne HF 015g22 AT F3 #9973 ol AN
. A FHETEL MCPIT7} 234% 2 7+ % EHgten MCP
Bl & S48+ E Z2dod MCPSF9 A F 148% =
v e o

A FAGAT Q AEdFLS VxR T 15g8 #E, MCP1
B 27t 9 13g22 #HA o7t Aoy MCPY A
ZheEo %ol FFANE A4H22 FHEAG.

2 289 Z3 o8 A FF 067%A A MCP2+

7 433 Asol4Es, 282 A4 ¥ A widFEeY RE 24
At S8 T8 B9 ojn Rud dojod A FF F£F

(06-0.7% )% dAse AL 4.
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2. 1% 10%2 ##8 AE FAANY A 2FB(AY 2)
AW $Y #BFL 1% olHT Tl s oEe 10%
A8® BANEE 834 AP ABSEE, B2 ¥ QA WA
Fol 2AT FE o AF 34gQ oJ2AdYole A aTFFL 4
s71 s, J2ARY YALZHEMCPI A2 ol 87s Ao
$ SERE AEE 675 FAE 2AE Bed o
. 4Ys2 B¢ vhaAR ARAAZTE AAFdo Hols g
22w (P>0.05), A FL o &7%5 o 057%l A 559g0 2

AN

A
T

tE wgen, 3 oA FEAME F93 FHE B
A& (P>0.05). |

Y. A58 78S 72ART7 13322 7tF sten, o &7t
T A9 F£Fo] 057%A A 1.02%2 F74F o wat 1.039 A4
1.00202 NMAHJLY o AgdF2ed FAFH Aole ©
A o (P>0.05).

. g¥gd o0& FE(PER)S o &7t% A9 #£&o F7HEd
e 1.88(71 AR Pl A 251(0l &7ts <} 1.02%F)2 F
Aoy, AtEW ol &7t A FFO 057% ol 4T
ME F93 o7t 2AHA (o (P>0.05).

2. 294 FAFDGDE 712AETF7 24322 HF @ke
o, o] &7t% 2 057%F 7 2958 7tF Bk

Ph. 71 2AETF R olR7tT < 036% 7 AzxAY AR I
< ®BAgFd Hd {FAdHA FHELE EHHoH
(P<0.05), ol &7F5 QA 057% o4 AHe 7+ &g g
Ao vl FAHezr o, 2 A3 ZFU1.0%) Z

1(044%) &3 =3 =A e o,
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v AP ES dF A 222 FAHQA Aol E B
oA Gty AW FTE FALFL oIS 2 057%
T vtE 9 133ge 2 A %@, V12AE T 1.02g2
EME 2RG ol & 7% A 057% ol HEBFAANE A
25HES 2 FAGHAT B2 Fol FAEHA YdEW
=

Ab.etEld Q AAFe & %131'—?%2 A F7HE BA o
Y4, AAW A FHFLE J12AETF(0.16g)% & 7s
036% T (0.17¢)8 A ne F7F 02g02 HadF F3
oA A7t AAH(P>005). A £HAEL oj&7t% Q
057% F 7t 36.1%2 71 2AE F(36.1%)8 A A7
o ¥l $ 43 A (P<0.05).

o, TAMTANT A MAFLE JxARF(65g) R olgstE QA
0.36% 7 (8.7g) & A Y3t e, o] &7tF A FFo 0.57%
A 1.02% 2 F7Hel wa 83gol A 13.1ge =z #9943 F7}
448 H A (P<0.05).

2 A8 A o8t ed Qo F£Fo] 057% QA MCP 2%
777 43D Agol4 58, 2832 AA 2 9 wMdFe TE

RN P $54¢ 54 A,
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ez S48 ol2ctd Yojof ot dzAIRS YL

2 oUxl 2~35tE
A1d 4 TFA

A2 olg7ts e 42 L A s e 2nee 73
o s AT 288t SHFEY 9%L: 7Y 58 9
8§ AEARE ETYHc AZWTE AMH gy, WMoz
ot AR A7} AAL FAo VEANE AHAAE WAL AW
Aol WEAEY A8¢7tt: 58S 285d% YA 83
4 z4el 3590, 2AY ARNTA nAGN ¥E 8FL9, B
AR, ARAENE FH 2 o 2Ae A A FAA A
sgo 982 mA 4 U (Chod Kaushik, 1990). ol %ol £ 2
& 23¢Y0 we 238 e Wol BY ALY HAA, 2
$87te ¥4 dFsgnE ¥ 5+ Ao,

ARAES 2527 24 dBHo2 YHolRY P2 &7
Z& FFAINE EEAER (reference diet) & A2 F, 0] EEAE
70% 98¢ YRAE 30%E EFs] 2HWeZ FF V. Cho
S Slinger(1979)= FAM ool 9@ ALAEe 258¢ od e
BHoz YHE FAE g H2=2 ZAAAYG. JEe EZF
AR 4EY YRAIRTY ohFd 43 Fgo] deRoFn BF
ddoy, 434Ye YA Y. $YE PP 2 Hajen S
(1993)& dojo] 258 228Fcl Aol 484 A2AE &4
2¢ %0 288 AY. McGoogan® Reigh(1996) 28 2 Gaylord

% Gatlin(1996)2 T4 WPo2 ERAWNYE ol 83q 4 U8
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AtE 9 red drumo 9§ 23 &8 FAFIoY, AZAF L H 3
A . &H Hanley(1987)= " golo] o3 A235&8& =3
HA HAYLBEAEY ¥ &L AEW 80-90%E FASFIAYG. 1Y

4 ol @ B 53 HEAH daaze ¢ 73

fo
oX
Mo
X
-~

5" A2A7 g, HZ Watanabe 5(1996a)2 4ol s T & 4
29 RrolFe 9@ ofd VERARUY wud AL EFAE
80%, WEAE 20% WEE FAG S

23g7te 713 54 & vdeEdd(Chodt Kaushik, 1990)x &
Aw 4eSd N ATRY add ANAstd AAHRA A2l
4o oldd. @, a2 4380 EANCUJE BLEHE
FFol B HBHY A A2EFAN 2o Il g8 has
AUA kS 277 doirs] GEl FHE UM s 2
S0 adu ARuge o eHt A=Aad AR Hos

|

At A€ Htdte ALAAHA A2 3 5 U7 HEA SHH
o2 oA Fg. W FAIGANE EFET Yol £ 35g
HE ARe HIAdor 2aHr AFsz o (Watanabe %,
1996a,b). & A ¥ 2 Cho% Slinger(1979)7t A& ¢ HHo 2 o2z
d FoAE AP o&HE dBARY £33 S HrEr] A3
o 4349 dd%d FPHAG.
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Yol BAANES WP F2 A4 Y8R I
2 ouA 23%eg ZAs7 A% YT 5529 olzAdA AL
9 o} (Cyprinus carpio) 1,000% & 20708 A& Fxe] (G 2080
= wEw 2 5008 FAHAG. LAY A4F Fig. 4-13 2ol
AAngd AAFAE ol g FURAG. $27 APy ¥
doel ReFz e 42T 22 A5 A% FAMS

€ AANAG. 104929 HE7R FX ABAEE FA% Aoy,

ol

% 2909 ANE ANAZS AU, EFAE E 9% 9
AYMNEE 27U FAS] AFUYE dSdon, 4FAY HE
1097 2A4YS 480, 224459 28 H43F 2AYo
2d dgd oA FHSAG. Y oA A WA AR FAD A
Y 2e 55T ¥ A=27E olgstd Az F A
om, 109 ¥e FUSHA EFE G 2AAAA WS B 3
9.

2. 48A R 2 Ag
-fv_‘-*}g.(reference diet)= 7} A ¢ (BBA, France) 50%, € 3 &
7} ¢ % d ¥ (Bangkok, Thailand) 37.9%, i ¥ # 6%, ol & 4%, ¥l &
U OERA 05%, BEHF EHA 03%, FY 03% ¥ 453 1%=2
WA en, A YA S (test diet)E T E EEAE 70% 4=
23+ Y B8 A E (feed ingredient) 30% 2 TFAIUGYG. Az s

(monocalcium phosphate: MCP)9 #H ¢ B FA 8 97%d 3%E &
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o AxHAY. 9848 € gD 4 AgrAaY 33 =4
& 7z} Z} Tables 6-1 ¥ 6-29 YElYd v} 2o},

Table 6-1. Chemical composition of ingredients for digestibility measurement
(g or kJ/100g)

Ingredient  Moisture C. protein C. fat C. ash Ca P G. energy
WEM-S' 801 63.76 557 1813 640 301 18147
WFM-F 3.28 67.85 5.40 1918 647 322 18964
BFM® 7.42 67.39 6.58 1455 427 235 19216
SBM' 1064 4413 151 55 124 069 1756l
cGM® 11.44 65.18 1.23 1.26 091 046 19876
ssMm® 221 4964 958 1051 299 146 20625
WFL’ 12.90 16.60 1.90 1.26 0.81 037 16352
BY® 856 3959 056 5.64 0.82 118 17623
MCP’ 3.36 - - 7970 1847 @ 21.82 -

'WFM-S = steam-dried white fish meal, Cornell Broth. Co., USA(ship factory).
*WFM-F = flame-dried white fish meal, Dong Won Industries Co., Korea.
*BFM = brown fish meal, San Antonio, Peru.

‘SBM = soybean meal, Cheil Foods & Chemical Inc., Korea.

®CGM = com gluten meal, Dong Bang Corporation, Korea
SSM = sesame meal, Ottogi Foods Co., Korea.

"WFL = wheat flour, Cheil Foods & Chemicals Inc., Korea.
8BY = brewer's yeast, JINRO Coors Brewing Co., Korea.
MCP = monocalcium phosphéte, BASF, Germany.

TAE R ERE A HEAEE 25%9 FTHTFYS HEAL

o4& 3mm tojt #&FE FEFRHY7E ol &8 F < (spaghetti)H

H AdYstA. 2F 55 T €3¢ 278 o & 29 A=xs
x

A, AAEE 99U 594 w3y AR FojAwAx FAsAo
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o, 4Y7NL U AS4ELe 26-30 T UAE Y. 28
F4 A5FA] Fx2 L e AFBAE A4Fol A& v 2
skt

3. 2AEE

F 274939 HPAE FoAd @& oFYg FAF, A4
F,A28F7E ¢ 9 olgEEFA A LsARY a9 A(CC.
protein), & A W (C. fat), £ 3 £ (C. ash), & &(Ca), A(P), Fd 4 A
(G. energy) £28€¢& ZAJAdDd. 45489 23§ (apparent
digestibility coefficients: ADCs)S WA EFAEY AFAREY 2
3 & & Maynard®} Loosli(1969) 8 34 d oA & &, Cho 5
(1982)0]l ¢ F Aoz A4F3ol A& viel 2ol Fe A,

Table 6-2. Chemical composition(g or k}/100g DM) of the experimental diets
composed of 70% reference diet and 30% test ingredient’

Diet C. protein C. fat C. ash Ca P G. energy
Reference 43.31 778 393 1.30 0.56 2303.03
WFM-S 4941 8.47 842 3.28 1.46 2170.36
WEM-F 5067 8.76 826 3.08 1.30 22471.36
BFM 49.75 9.08 6.86 2.80 1.17 217032
SBM 44.30 815 447 1.55 065 2133.02
CGM 4572 6.82 319 1.01 0.46 2165.32
SSM 45.36 877 535 203 0.84 2150.46
WFL 36.28 517 303 140 054 2030.26
BY 4226 808 458 148 0.76 2191.53
MCP 4230 9.29 597 179 100 220911

'Refer to Table 6-1.
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4. MUY

Yers, 4948 2 29 s3¥ A& (Tables 6-1, 6-2 &
6-4)2 AOAC(1990)d A& A4 HYg 14 A& @ YYo=
EH&dd. A9 ¥4 od9YAE= Kim3 Kaushik(1992)d] #& @
o} o] BAHGHAG. AAHA A5 EEE E A4Y d8AaY o
Fa 428E AR dF FAEHL EAEAF} Duncan(1955)9
multiple range testd] 93 49 SAS statistics package(SAS Inst.
Inc, NC, USA)E o] &3 o dAsAG.
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A348 A3 9 nF

1. T4 2 A5l & 5SS

Table 6-3dl = AHAEE F4F AL&Idg 4% &, Ar
27E& 2 gL aES YE WA, ¥F FdA e MCP &+
Fo A 557ge2 B 4 AAE e W AU (P<0.05) # A
2 &7 BFM)tE #Aol7t dded, 24 E(WFL) &/ 77
335g0 2 7% Az A YeRoh(P<0.05). WFLA G A 2= EFA
2 70%S 2WE 30%E EU® AEIZA Table 6-204 ¢ F
o] zawa F}Fol 363%, FoluA FFol 2030k]/100g= A &
Abg ol dis dkdulAd J1d@d Rez mAdY. MCP F&77 3
A $FHALRAL FFEARE 97% FHdFnAdAA A T
Fo] EASW® olye AR FHE U9 o]RAH] FHAHE F
g7l WEoz 23QG.

@H, AR T &(FCR)E A4 Ho 743 F3d MCP &+
T7F 0972 1R £33 A2o9(p<0.05), HAFAR A HFA AYo g
R Yol FHFIAE Ao AUAH(P>0.05). 2HY L=RE
FHTFANE A HRRTFE0 A% AzaA e RTH(P0.05).
AAHoz & o EEARAN HEH4URI 30%4 #+€ A8 F
qFo A ABLFE] 2T FFE el Ao

@ dol § &8 (PER)E 1.42~2309 €S HA:d, MCP
$aT77 2302 AAFE AP ¢4 L (P0.05), sohe g4 7
(SSM)7F 1.422 7+ A Z 8 9o (P<0.05). &8, ol £ 3ol 4 & BFM
d/F7F7t 18302, 484 YEASEFANE AFARBY) F77

719622 $48% Q4. 284 BFM3* BY g Fdde #9438
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o7k 2AHA F .

Table 6-3. Weight gain and feed utilization of carp fed the experimental diets'

Initial wt. Wt. gain Feed intake

Diet FCR® PER®
R/fish &/fish &/fish

Reference 55.2%0.10 421£020"  539+029° 1.28+0.01° 1.72£0.02°*
WFM-S 55.2+0.07 5184127  549+0.28° 1.06£0.03" 1.79+0.06™
WFM-F 5524004 50.1+0.46° 548+028°  1.09%0.02" 1.70+0.03%
BFM 55.2%0.17 539+003°  558+0.38° 1.04+001% 1.83+0.01%
SBM 5611007  388+049%  541+019™  1.39+002° 1.54+0.02%
CGM 514007  449+028%  S32+08™ 118003  160+0047
SSM 55.0%0.17 362+057"  528%+0.19% 1.46+003° 1.42%0.03°
WFL 56.1+0.12 335+0.32" 52.1£0.09 156002 - 1661002
BY 5524002 467+272 52.7+0.28¢ ~ L13*006™ 196+0.11°
MCP 55.2%0.08 55.7+0.78 539+0.20°  097+002° 2.30+0.05°

'Refer to Table 6-2.

2Feed conversion ratio = feed intake, DM/wet weight gain.

3Protein efficiency ratio = wet weight gain/proetin intake. i

*bedefyalues(meanstSE of two replicates) in the same column not sharing a common’ superscript
letter are significantly different(P<0.05). ’

2. B 9% #F

FU %4 T FS Table 6-49 EA A o2 FF2
11.39~19.61% (g/100g DM)e HH € vYedRey d5e FF7
(SBM)7F 11.39% 22 713 AUJ32 Zop¥ FF F(SSM)7F 1961% &
2 7h7 gsto.

AggdFe A4 144~310%9 HHE etz APAE
A W AFFFe dd AR(SSM, BFM; Table 6-2)d1 A4 &
W AgFgFo dAHez A dgues AFo Add. 24
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MCPE 3% #8949 A89 2S$(MCP) Aol 929%32 A
= U B Mg Pgol 182%=2 A UYEY RAe FaA9 F
2 A& g ojfgEEO] Eo My WEFo=z PG,
2

% 2 7}
HEg B A9 489~1658%9 WA AYAEW HEFS %
4E 2y NEWFO) £ AL YHEAYG. JuA FFe o

EEFTRG 424 AREATFAH Qv Poz A dgged, o

RAE &5 E9 2880 A VIAdd e Aoz BAG.

Table 6-4. Fecal composition of fish fed the experimental diets'

Fecal composition(g or k}/100g DM)

Diet
C. protein C. fat C. ash Ca P G. energy

Reference 11.06 1.44 489 1.90 0.75 1543.73
WFM-S 16.35 2.49 16.11 655 282 1547.95
WFM-F 16.48 2.65 16.58 6.61 270 1539.00
BFM 1791 310 1362 6.00 247 1638.37
SBM. 11.39 2.08 818 3.16 1.27 1678.29
CGM 17.36 274 577 197 0.88 1732.59
SSM 19.61 298 10.11 420 1.70 1722.18
WFL 12.20 195 6.23 3.01 1.11 1742.76
BY 16.61 270 563 2.00 1.06 1735.08
MCP 12.52 182 712 253 1.32 1581.21

'Refer to Table 6-2.

3. 4ud 23 e
Table 6-59t ddA5d T7d 9929 A3 2822
EAD Jded d9de] 93 25882 89.2~-935%9 ¥

Yt z, AW FeE 893~958%, ¥ 512~71.7%, 9L
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49.2~69.7%, Y A= 786~84.7%<° WHE #A vegdHUG.

Table 6-5. Apparent digestibility coefficients(ADCs) of the experimental diets'

Diet ADC(%)

C. protein C. fat C. ash Ca P G. energy
Reference 94.2 958 715 665 9.3 847
WFM-S a9 9238 533 510 526 825
WFM-F 922 928 515 77 505 837
BFM 917 9.1 533 503 511 25
SBM 85 935 52.2 415 50.7 80.0
CGM - %07 89.3 505 479 492 786
SSM 892 w24 51.9 482 494 80.0
WFL 919 909 512 483 505 79.3
BY 913 91.8 6338 665 65.7 80.4
MCP 717 67.1 69.7

'Refer to Table 6-2; values are means of two replicate groups.

Table 6-61 M+t EZAESY YA 8 $F & 17&%}% A
28 2 429 ABY 238(ADCIE YEHUAYG. eud 23g
o A WEwol 019%2 7R EA YERI(p<0.05), Euiute
776%2 7t3 %A UYebRt(P<0.05). 359 oF 2 AuBuy o
e 258e 858~878% WHAZA ol Tt FA% AR
o (P>0.05), 22 FH(CGM), #5 AR (BY)s) ADCRTE &A U
e} & o} (P<0.05).
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Table 6-6. Apparent digestibility coefficients(ADCs) of test ingredients’

ADC(%6)
C. protein, C.fat  C. ash Ca P G. energy
WFM-S 865008 858+041 107+010° 146*126° 136%3.14° 7741003

Ingredient

WFM-F 878+005° 88%061° 48+127° 75%296° 66+290° 81.3*058

BFM 8.8+010° 851077 106258 126*160° 85%201% 775%0.25°
SBM 919+076° 883+026° 70%127° 63%254  73x202° 693+215°
CGM 826108 7401217 15%129° 44+067 22+119° 645%177F
SSM 716+076" 844067 60+138° 54%390°  27+003° 69.0+078
‘WFL 8661034 796+022° 38+05° 56*13° 64*11& 65.81?0.78bc
BY 8124095 824+071° 625+166° 665%981° 5721049 706+156°
MCP ' TILIL06F 846%128° 80.6+042°

'Refer to Table 6-1.
abedeyalues(means = SE of two replicates) in the same column not sharing a common superscript
letter are significantly different(P<0.05).

Ao 4£3&& dFuo 883%2 F FHA WMy F
(WFM-S % WFM-F)3& &7 g d32Aad dsf 24 deagoy
(P<0.05), 3% 9 of B o= Aol7F AARH(P>005). T2 FdEd A
W ADCE 74.0% 2 ¥ dgd s 713 23k ew(P<0.05), &9
e 844% 2 37tA FH AEFHE Aot AU Y (P05, =
‘2‘—%3} BT HR(824%) LA Aozt AAH(P>0.05).

e gAY 4£38&S MCP 2 95527 #% 771% %
625% 2 EA YEIR D (P<0.05), YA dESTdEe 15~107% 2
o7k ARy FAAY Fdae dAHA & %A (P>0.09).

ZdH(Ca)e] gAY 42318 MCP7Z 846%=2 713 =2
(P<0.05), #F ERE7 665% 2 F WAZ =% (P<0.05). 234 Y

Bz ABE T 54~146%9 W o

i

Aoy #9zxe A



(P>0.05). A(P)Y 2% MCP7/ 806%2 7t EA YERZIL
(P<0.05), #Fa 87 572%2 5 WA2 F%o9(P<0.05), T+
W o] B (WFM-S)o] 14.6% 2 Z 4o ¥ (BFM, 85%)% A& ©
darg A JYeRo(P< 005). 2384 vdx 94855 Zde A
o} 7t A A (P>0.05).

FAUYA(GE)Y 2% 3FF o8] 774~813% =2 E ¥UE
Ql%ﬂ A 4ERI(P<005), #HF a2, hF% % Zoubwe] 693~
706% 24 429 E2(668%)¢ AL Uroja dapd A4 dewd
(P<0.05). 22 FdL 645%2 A4 713 2 A ek % oh(P<0.05).

24(1990)2 713 E S 2P 3FF oy oj2add o

F dga 2 AdA 23S 2AEAed, d¥A 2389 A

Lo
.

% gAoBol 765~809%% A4 o (822~859%)8 T Wt
B3 R, AW 238 T SLE YL He BHA oE
A% 778~914% Aoy AHA L 863~949%2 A GEwo. 2
Ay 2 ddolNeY B BHAS AP BB F9HA 2o
7t glol M e 858~878% 1 n AW 835~-858%2 LA
A A=A, A2, Watanabe 5(19962) oJ A F 3 2o Be
QAR Yoo oF wHP £52e zZANYed, WY
(white fish mea)sl 2% oA ol m2 Aot ANew, FLo
mel 903~938% % mAom, AZA of ¥(local fish meaDs) 73 ¢
89.6~935%% Ye U AT sdch o F(943~958%)% =2
W(82.4~93%)8 A B A¥e ARRY ¥ EA degod
AWEe 778~804%2AH B A¥nc %7 #e AFL BAD,

e 2st&e A¢ A WA E(WFM-5)2 10.7%, 2 A

1
=z
=
2
M

(WFM-F)2 48% 2 #A4Z A 150g9 Ao E o &34
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o

AED 22 AW A 289 £A8G wgon, AR
o Ae 106%2 FARN FHEL o4 FANTE 4T =
ou 2AYW Y @ £ E 2A Udec(Table 4-93 =)
YSwe AP =ITFA, Bopw P 2wEs Ay YwHoz A
4%9 #Aug ¥ dedon, AFERE 625%2 A4 F3
(553%)8c 9T YAABEES FAHAG. 2y dAHow
e +AE EAUAEA 4@ sAuGE e 3% 2o
Ao 28ge THA WHoj¥o HoPuo %2 (p<0.05), 5
Y® URE AEH FUE YYo= 150g Aol AW F3 €
A% MY 9§ YA WMol e EAdsRod, WA 7
Aolge %A dnxd 4FE2E AdE 424 Us £g ol s
S48 Fdue ngon, dA4TBED AS A GARA vew
. 9BAEY st2s @9 2 U $33 2 AEH A4l
N ZAE o875 e HMEE Table 6-70] YE g vhsp 2o,
2o iz w¥Ma ¥ guAE 2z 555~596% 2
3357~3685 kcalz A H A Wayolfol 7% mkow, &Mool
2 ggoz yewo. Yol g Asugd 2 AEHE GEu
22%d 59 728 @9 27 406% ¥ 538%=2 wA v
2. dUAY Ex FAAGiller ST AEHE 2ALE 144%
g we a® vwMAE YuBuNG. 2dY 484 2FU A9
Q2EFH ATE AXNA AW AR £kgol FAHI AL
Jg7hs @ AU AMA B AdelA dEY At
sdegRoz wdG. HAW, Yy Ard Aas v
2 49 ABg olgY £4A ALY & deA

o2 B, 3, Watanabe $(1996a) vl g8l 7l &2 & AFF
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o AR stas wRYe) AL 2PN FARE 2nEq
hash gwAe ¥4 542 43 HA.

Table 6-7. Digestible protein(DP), energy(DE) and phosphorus (DPh) values of
test ingx‘edientl

Ingredient DP DE DPh(%)

% kj(kcal)/100g  SF+FF® SF+FF° STP' Av.
WFM-S 56.2 1404.6(335.7) 0.41 0.30 0.60 0.44
WFM-F 59.6 1541.8(368.5) 0.21 0.22 0.25 0.23
BFM 57.8 1489.2(355.9) 020 0.31 0.33 0.28
SBM 406 1216.3(290.7) 0.05 0.04 0.08 0.06
CGM 53.8 1282.0(306.4) 0.01 0.06 0.06 0.04
SSM 385 1423.1(340.1) 0.04 012 0.03 0.06
WFL 14.4 1092.3(261.1) 0.02 0.04 0.04 0.03
BY 326 1244.2(297.4) 0.67 0.50 0.72 0.63
MCP - - 1760 1750 1997 1836

'Refer to Table 6-1; values are g or kJ/100g, as-fed basis.
*This experiment(settled feces + floated feces).
34Refer to Table 4-9.

g8, A Aol ofiT U FTHFES EAUIY

g FAHAXNN 06%2 FAEF 2R AP & FAEG ¥4
dettov AP 2ol g e & AHolE RojA @AY, EEF
W Suiebe] F9 EAEY AFAI okF @A vERed, 4F3
2o A%E §Y 2AALTHY v R(0.67% vs 0.50%)A & A F
G 2A dEwg. 2y 493ZEL2 A FAdEA JdER
.ol & AEE F2 g, UFY, 2REFZ FHHY U7 A

Eol, Table 6-791 Yetd HFAE o] R3E vigd AAm2 o &7}
o

X

olf

A FF Ado &ojdlFd Aoz B
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A4 Mo 2 AE

AU ARSI FAHE EFAE 70%9 2¥zAsE
Bt AHAEE Axso HF oA F 559

AEAE 30%E TH
¢ d2Aze vud, A%, A, 2,

ojadd Fofd

pi)

AUA £88e ZAHAG. 288 FHE 27929 HFAYH
Wgee s9Hded, PANEe H4R4de AF 09 P&
. AET BFY £L 26-30 T2 §AH%en ARE 99
554 Folstdn. E AYolA dojW An: gew B
. AAVDEHMCP) BHFE HAW v FAL, AEa
F&(FCR) 2 @92 o $5&(PER)C A T3 7% 54
Sdgom, 584 oEFdAE 2AE FHT A
o 7 $4adeyu FCRY PERES %4 o7 ©3

(p>0.05). 42X YBABFANE BFae % 227
#4577 437 AEosgEgo $+AAY. AwHos
T AYdF e AdPEARE F HFASIIA oY, AAAHA 4FE
2.

J.o @92 2888 dFu(SBMIO 919% 2 d¥L=8F 7HF
ko, aokw(SSM)ol 77.6% = 73 wokoh. o f 9o A
9 85.8% (BFM)ol A 878%(WFM-F)Z 866%° 4382
egd A9 E(WFL)#H F48d o7 AT,

. R A 23L& 835%(BFM)ol A 858%(WFM-S$%
WFM-F)2 $Asden, 399 (SSM), #% &2 (BY)S
2887 FAASRA AolE HolA Y. FH, AHYAEF

Aol 7F FPFW SBMH Z 22 A(CGM)Y 28 ¢
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e Z+7 883% % T4% 2 AHHFF B xeFAS AR
w2 £ 2.

2. sl 4238 MCPZ 771%2 71 $£F3d 29, BY
7b 625%8 2 tdgoldut. AHA A Y] B (WFM-F)2
48% < d  vld THA WHJF(WFM-S)3 ZHoE
(BFM)L Z+7 10.7% 2 106% 2 #Asdd. CGM9 =3
ge 15%2 A TFF P 2R,

v, ZE 28 HE L8 H FTYY AFE BLAyog
9 2889 #$ WFM-S7h 13.6%2 WFM-F(6.6%)%
BFM (85%)el vl ¥ %ot. BY ¥ MCP9 < 23 &2
7t 7} 572% % 806%=E = A JdE R

b, ol R 23 &e oRo] 77.4-813% =2 A EFAH YEAE
vl =A dEetweoen, AEAH dusAEFAME BYG
70.6% 2 SBM, SSM % WFL# {9 AHQ Ao & HolZA
F o CGM(645%) °o1 5% 713 2 % th(p<0.05).

T Ay AAAE g A5 taz d¥AY &It
A FFE dAaAscd &34 A4d F d&gRe2Z I 29

Y 7t28 Ui AHEE fEEY ABIgARN Q2EFH FA

o

AA Azxdode & ¥ og7ted dy A FFAMA
Z28E & & Aolg.
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N1g olczdYois My HUE, RNYLF
L

A1d QT A

UME 97 PP Bhojviede 27FL 22D o Bol
A o vwForixge FTIFHE FA zdsg

% % @ o (NRC,
1993). M U (casein)® F BHWY FTIUo2 A2Y BAANRE
Felad 239 dold uwwd LTFFE 31-38%% I (Oginost
Saito, 1970; Takeuchi 5, 1979a). Watanabe(1982) <9 ol A} 8 U ‘ﬂ’v
MAe ARFEE AW 22 Ha® duAs #a" A
30-35%% #A¥ 4 AGn Husdc ode AL Watanabe
5 (1987a) ¥ Takeuchi $(1987)e] oo +9d® YA Q7o e
A AAHD A, A8 7S (Kasumigaura) 59 75 S o &
3]"4' S8 F AFAAM 35-37%9 zZzdWAF ALE 100g % 340
Kcalel 71238 oluxg %48t A28 H4AS doje 47 2
NEEEE 2uud 39%e NBA R BAGYon, A4 wAD
& NBAET v 30-40% BAHUTD. FEH o2 Watanabe
S (1987b)e dolsl MAH AL HHZ PFAE FAo vIaL
29vWd 2 Aas dUA £Ee 27 35% % 350 Kealdhn 83

e
St A, A2 YoIANE EFE VWA £E(39%)E AU FF9

Ol

7k @A 30-35% #Fo2 gasoe don FFEHY.
%t Zol ARW VU £FL Aoy 84 VHHEe

dF Tt A Zad ¢ ded, oRL AL == @539
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gy AFaFAdn &9, & AFdAE ®ol EuHUAd(Lee
9} Putnam, 1973; Page$t Andrews, 1973; Takeda %, 1975; Cowey
5, 1975; Adron %, 1976; Garling® Wilson, 1977, Reinitz %,
1978; Bromley, 1980; Cho® Watanabe, 1986; El-Sayed® Garling,
1988; Kim3 Kaushik, 1992). ol % 22 AF2RE FHodF 9 A
sl AHAAQ dHA/AY e dWF/dyx FEgo HdAHAAGY
{(Garling and Wilson, 1976; Takeuchi &, 1978, 1979a, 1989, 1991;
Shimeno ¥, 1980; Wang 5, 1985 Murai 5, 1985, Catacutan3
Coloso, 1995; El-Dahhar® Lovell, 1995). 28 ol Fo dwzd g
T#L o7 27, AEFL, %ﬁ%, Aol ¥ A, oy A
g 2L dwde Ay T @ 8dd FFer] o F(Satoh,
1991), 44 AFzAdFAM Brd A& AFHoz HEded
e o fe] stdng. of & AFAR
24807 BEd d8AEY tag YA FFE APFHA & F

ARk ot F U A% AWETD. ¥FH, T Y 9 oF
FA A Aol g AAEGE YA 1984¢ A F AR 9
FEAR A oF 10d Tl BHEAVY FHYFE ol FdA M,

AE A7 A4 2 Ay RFoz A AR AHLAL oFHXA

rir

A2EFH 71F3E& AR

o

A ¥k (A, 1993). ol wa Fu YojAare TdHY FFL
385% A 423% ¢ ¥ T2 FAHIT gloy, vtz A9
FL 510%AAM 72%2 A FHHA A (A F, 1996¢c). ol gy g
Ty, AAY FH ARE HFAT FS Md"He 228 B2
8 ¥& Aoz FAEY. AA HA994) 4 ANAARE AH
d Folg FA wjMFo] T FAF Kgd 413gd M 579go =

2 Weolg Rolx Ud. 9% A4 £#F2dd F2 A2 ¢3A
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£z Zts

422 2Hol ¥, dPA, B AFE AFZHFH

Be wEAJE AW vu
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A2d Hg R AH

1. 48 %8, 4848 2 2844
AYds22e HF 972g9 o2 dA  dol (Cyprinus
carpio) 840°t 8 & 2§38 AU FA Y} FA%H BE o
FAGATAAAN 14929 HEINRL AN 6FTUAETA 429)
ANFAYL AANFAYG. 3SR Fdole AP o gEHA @F
NogAazes d 487 348U, 839 Agraes A83 3 %
2(35 vt/ B)cz gAY MAGAod, AxF) AF L v
£ 24e 2AYY MY FrA &4 24029 AAF Pt
Aok, AYPA e 29WY(P) 32,38 R 42% £ 44 F5:F9
Aw(L:8 € 12%)& w3 6% AE (AP32L8, B:P32L12,
C:P38L8, D:P38L12, E:P42L8 ¥ F:P42L12)¢ =d ¥ A 29% 9 Als
(G:P29L10) ¥ AN #ARE(H:Com) 1¥F22 F 8F Ao (Table
7-1), ABAEES AYT & APARY HEES $E8 E¥T H
Wenger Extruder X-185& ol &8 A7 4mm 279 43 A
goz AxaPd. 4YAE 629 AR FFL 25%2 nFFAL
o, xawﬁ%-xtw}a(c)sl A9 15%9 A2 e yHHAG. 7F9
AYAEW o &7ts Ao FFe JANBEL A9 05%2
AR Y.

2. b 22
424 229 ¢£BARY A$FA F2E 12709 &=, ¥
2,302, 1A% ¢ 232z FHEAG. AA A% A

3 o] fiberglass reinforced plastics(FRP) A}/ & 2 U £ % & 130 L2 A
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&£ (flow rate)2 HF 10-12 L/mingd o $£2& A AgAY 5
¢ 23-31C2 F#AHAT 2 AFZEvkd ALHA Z 7] (aeration) 7}
olFol . & &4 A #F(dissolved oxygen)d} pHE 3% ¥4y =
Fadom 29 B2 $EH4 3 pHE 42 57+ 0.4ug/ ¢
2 73+023019cH. SYAEE A 34 (09:00, 13:00, 18:00) of 5

A= 242 d7za Fq48Ad.

Table 7-1. Ihgredjent and chemical composition of the experimental diets

Diet A B C D E F G H

Ingredient P32L8 P32L12 P38L8 P38L12 P42L8 P42L12 P29L10 Com
Brown fish meal 25.00 25.00 25.00 25.00 25.00 25.00 18.00

Soybean meal 8.00 10.50 27.00 29.00 4450 46.50 4.00

Wheat flour 54.78 4778 3593 29.98 1858 1258 61.43

Com gluten meal - 300 3.00 3.00 3.00 3.00 3.00 4,00
Methionine 0.90 095 0.80 0.80 0.70 0.70 050  Closed
Lysine ) 0.60 055 005 0.00 0.0 0.00 035

Fish oil 450 9.00 5.00 9.00 5.00 9.00 9.00

Vit. min. mix.' 1.22 1.22 1.22 1.22 1.22 1.22 122

MCP 2.00 2.00 2.00 200 2.00 2.00 150

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Chemical composition (g/100g, as-fed basis)

Moisture 5.61 6.76 459 5.39 54 6.26 731 763
C. protein 3175 32.08 37.27 37.98 427 41.32 29.15 a4.27
C. lipid 853 12.44 886 12.74 8.48 12.61 10.38 6.8
C.ash 7.48 134 85 8.4 9.62 943 6.06 6.54
Ca 207 206 234 241 2.26 237 1.56 141
P 1.29 127 1.33 1.31 1.35 1.33 1.24 1.12

'Supplied the following amount per kilogram of diet: Vitamin A, 35000 IU; vitamin Ds, 7,000 IU;
vitamin E, 70.mg; thiamin, 14 mg; h'boﬂavin, 21 mg: pyridoxine, 14 mg; vitamin B, 0.14 mg;
pantothenic acid, 49 mg; niacin, 105 mg; biotin, 1.4 mg; vitamin C, 70 mg; choline, 750 mg; Mg, 240
mg; Mn, 140 mg; Zn, 280 mg; Fe, 84 mg; Cu, 24 mg; Se, 0.12 mg; Co, 39 mg; L 6 mg.

)~

Z Agzol RaE M4 AAFA YWY 2L oY o

I AW A Als F94(08:30) FTAFAUN B9 w9} FA A Ro

ol



Jrstgdon, od 428 2L AT ENY FEEL AB=
W2 $YAA 23sAsd, o 853 AKZAW F 4 F(2,000
Lol 20%) A% g,

At 292 AW FFA BE oFY 42 2 Atg o &
E28E #od8r7 93t F A F(weight gain), 44X 2 A+ (daily
growth index: Iwama$ Tautz, 1981), At & 4 3 2 (feed intake), A}
227 & (feed conversion ratio), @ %2 o] § & & (protein efficiency
ratio), © ¥ @ £ A & (protein retention efficiency)g Z A3 A 2 d
AR @A sEd e Aax £F EFE HIE dAso
MAelg FEY =AHMEHE AANGIen, ALY F£&d B &

A oJBAAE o2 TULUY WRHLoE 2AFHAY.

4. A9y

Agiaa L oA AwAE(Tables 7-1 2 7-4)& AOAC

(1990)8 wyo wa Z2Asgck. A4F MAA 309 (1004 3w 2)
%

S FE M WEYF5uY oFE ARE F HAS YW 4R

M

Ao o]&HJT. FELE 105T9 2E4XM 24 A} A3 Ao
G A(N x 6252 Ag wyog AW APAEYW ALe g

Esd 713% Ayl wHAd L v5HEH YR Ao
(Wenger, 1993) & 74 28l W o2 o 922 (CHOH) 2me s A & %
M(Conc.HCD) 10mE 7t % ¥ 1522 719, A%sc s 2ald 3
Fyol A% AHZ FZ) 8 EAHAG HEe 550TAM 12

A ABANA BASAY. 2aTH AL A AFH v 5
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YA EASFAYG. dojA A=} FAAH BFHE B2ARENF
Duncan(1955)2] multiple range testodl 23 SAS statistics

package(SAS Inst. Inc,, NC, USA)E ol &3 q AAsdI.
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A3d 23 2 2@

L. 3A, A58 78 2 9y o]lgF s

Tale 7-2°] A A A utg Fo] FTAFL ndwWaxy AR
F7(P42L12)7F 125.1ge 2 A FF 713 e, ABAgF
(Com)7t 938ge g 713 R, &3, HaHaxAw 28 BF
(P32L12)8 T A ZFL 1108g22 HEWAAY Aty AF(P32L8)E
e 33 o9 (P<0.05), ol AL F oW A 2 = (P38LY), &
G 3R B (P38L12) B DY (P42L8)TF Y F A ZF § 93
A AolE Holx ART. 65 & v AP ARFL ng
279 P42L8 ¥ P42LI27 7t o 127g2 2 713 Etod, oA e
A3 (B)TFS FERaAYD)F 2 AFAIH)TFE §9
e BAdeoy, A Fde FAHA 208 UegA &k, A
28 TFE(FCR)2 1.02(F)ol A 1.29(H)9 HWHE Aoy, Fre A,
G R H7ol Ha 3oz gdgqoy, ol 4 Hgrg A9a
AT FAE FAAo 2ALA G, AIAHFAF(DGHE =4
Fg4 oA AZ FAFe AP SFdAY oW uALGF
347% 2 3 SFadeoed ANBARTY HAGSAAY I
275 R 285% % 7t Az AT, ANAAFH FRAAFTY P 7
of thul g AdAAERAH &S 1.84(P38L12)oN A 2.02% (P32L8)el ¥ 9
2 Ao,

MAolst 637 ARE 43¢ Zaoy Azxy 4L

Table 7-39 Y eld nvle 2. Faole £REGFLS 71.3(P42L12)
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Al A 747%(P29L10)2 X JHAloj 9 F B F(76.8%) ¥l #F2F

° 2 (P<0.05) ¥ tct.

Table 7-2 Growth and feed utilization of carp fed experimental diets

for. 6 weeks'

Diet Treatment Initial wt. Wt. gain F. intake FCR? DGP FI*
&/fish g/fish g DM/fish % %
A P32L8 97.24 97.71° 12404° 1277 285 2.02°
B P32L12  97.05 110.76™ 119.89° 1.08°  3.15™ 1.87
C P38L8 97.05 111.53* 122.04° 109"  317™ 1.90%
D P38L12 9724  11524® 11945 104"  325® 1.84°
E  P42L8 9705 119.43® 127.40° 1.07° 334° 1.94%°
F P42L12 9724 125.14° 126.78" 1.01° 347 1.89%
G P29L1I0  97.14 101.14% 12497  124° 2.93% 201%°
H Com 97.52 93.79° 119.62° 129° 2.75° 1.98°%
sem 1.80 6.19 342 0.08 0.15 0.06

'Walues(means of triplicate groups) in the same column not sharing a common superscript letter are
significantly different(P<0.05); ns = nonsigificant.

Feed conversion ratio = feed intake, DM/wet wt. gain.

3Daily growth index = 100{(final wt.)* - (initial wt.)*)}/feeding days.

Feed intake(%) = feed intake, DM/{(initial wt. + final wt.)/2)}/42x 100.

S AACA 146% M FRolE 152(A)0 A 15.6%
(B, C, E, )2 o4 ZF7dd oy AU ol HAHA F&
th. e 72(A, E, G)A AN 80%(D)2 IRzt D)E7 FE
0% 7% Egoud TAFARF(B, HIZAE #9442 A7
Qew, mE AATE AAols AWG6% HANE FAHoR
A dBRdg. A2 £FL AN 228%2 AP RAL AW

W.Z A9 (P29L10)9 G+ 7t 252% 2 7t wdkoeyd RE A7

- 142 -



FA4E UG o ARz A ZeF Jdo #FF 2@ F9
A o7k AdeH, AAE 1340 A o)l A 1.46%(HF), FAE
0.43(A Aoyl A 050%(GF)e) HHAE Bd.

Table 7-3. Whole body composition{%) of carp fed the experimental diets
for 6 weeks

Diet Treatment Moisture Protein Lipid Ash Ca P

P32L8 73372031 15151 0.16™ 72110.16° 2451004 1.36+0.04™ 0.44%0.02™
P32112  7227£0.28% 1558+0.18"™ 7.03+0.25® 231+0.08" 135£0.05™ 047+0.02™
P38L8 7424+049° 1557+0.26™ 7.37+0.11° 240+0.04™ 1.44+0.04™ 0.47+0.03™
P38L12  7173+£0.66% 152610.14™ 802+0.23* 238+0.08™ 1372008 048%0.02™
P421L8 7324053 1562£0.22™ 7231018 248+0.02" 1.40+002"™ 046+0.04™
P42L12 71.332073° 153210.22% 775£021™ 251+ 0.16™ 1401007 048+0.01™

P29L10  7472£022" 1526%021™ 7.16%£0.26° 252+0.07 141%0.07™ 050%0.03™

™ O m W oo O W

Com 7376089 1556+0.16™ 7.42%0.11"™ 250+£0.08" 146+0.05™ 0.48+0.03™

Initial 76801051 1464%£0.15™ 559+0.13° 228+0.05™ 134+0.05™ 043+0.03™

*bcdeyalues(means tSE of triplicates) in the same column not sharing a common superscript

letter are significantly different{P<0.05); ns = nonsignificant.

3. A&

pieA

g wWAdF

gl Ada Ao HHAA ©BE oL EE, A2AW FHF, oA
W A2(29A/625) 2 I £Md 7wtstd Add 2 2 A9
WAEdFn 88 E 42z Tables 7-49 7-501 Y Eeld wvlg} 2o},
G APdAFS ABY DA FFo we FgHo2 FEE
2%& Byed, 329 FARG)FI 393ge2 AP F Y W@
tov, ngwWAF(E, F)7t 575g2 8 713 o, ABARFE

535ge 2 AYTFF F HARZ & £AE BLAv. ¥ Fdol LA S
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(PER)E YW doz guagsdo 2%d Ad 77 Zrhse 2
g2 nmgtd, 49 nAS(P32LIDTFI 2682 HF $4#GL
o, 4273 WA 4ABo % Y}Y GFE 2582 Auwn
AT} o8 ol Mol o to(P>0.05).

Table 7-4. Protein utilization of carp fed the experimental diets for 6 weeks'

Diet Treatment Intake Gain PER? RE® Excretion
1€ rea en

. g/fish g/fish % g N/kg wt. gain
A P32L8 41.72¢ 15.30°¢ 2.34%¢ - 36.66" 43.30°¢
B P32L12  41.25° 18.18*  2.68°  44.08° 33.36¢
C P38L8 47.67° 18.26%° 2.34°9  38.28% 42.24°
D P38L12  47.95° 18.19%° 2.40%  37.91° 41.44°°
E P42L8 57.50° 19.60° 2.08° 34.13% 50.79°
F P42L12  57.35° 19.82° 2.18¢  34.58°% 48.00°
G P29L10  39.30° 16.05°¢ 2.58%°  40.92°° 36.90°¢
H Com 53.45° 15.52°¢ 1.76° 29.14¢ 66.14°

" sem 1.36 1.35 0.14 3.02 6.00

Walues(means of triplicates) in the same column not sharing a common superscript letter are
significantly different(P<0.05).

Protein efficiency ratio = weight gain/protein intake.

3Retention efficiency = Protein gain X 100/Protein intake.

agwa AETE 208E) 2 218(F)2 A BAET(1.76)2

Ade AY7F b3 4o Agw Fhe vuad 4AZ =

2

gtd E 2 FF#7F 196g 2 198g2e 2 71 Edoud, Fdwa A g
T, D) AW uxxdFT(B)ge 93U HFoj& UEg WA Fi%

. Al FAYF(G)e 161ge 2 A BAE T4 A AHAH(A)
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tdgod #4492 Aols AAG. olHE 2R
2RH 713 2 997 FHI$41%)e AR P (B)AA
Jekow AgUFAYG)T B HAFF F 942 ¥ 53
(409%)% RAd. RERAANE(E, F)FE 4 341% 2 346% =2
ABAET(29.1%)8 AT AP35 7bF 2 A Yo,

-4
2
x
%
L
N
of¥
\§

Table-7-5. Phosphorus utilization of carp fed the experimental diets for 6 weeks'

Diet Treatment P in diet Intake Gain  Availability  Excretion
g/100g DM &/fish g/fish % g P/kg wt gain
A P3L8 . 137 1.69% 0.45° 26.33™ 12.80°
B P32L12 1.36 1.63° 0.55% 3375 9.76"
C P38L8 1.39 1.83° 056 30.77 11.35%®
D P38L12 1.38 173> 0.59 34.36 9.87°
E P42L8 1.43 1.82° 0.58 31.71 10.37%°
F P42L12 1.42 1.80" 0.66° 36.50 9.13°
G P29L10 1.34 167 057 34.44 10.88°
H  Com 121 1.45° 050 3456  10.39"
sem 0.05 0.10 571 1.32

Values(means of triplicate groups) in the same column not sharing a common superscript letter are
significantly different(P<0.05)%; ns = nonsignificant. '

A Kg 992 A2 dFE 334(B)NAM 66.1g(H)E2 & A
% BREU, ARY BHWA FZo @Y ZA%: F¥L 2A
9. Auwd AT A ALsFo 8%AM 12%2 Z7hed)
ue AA wjAdFFL 433gol M 334ge®E i E AFL RIS
Y}, Feug A7 1uwd ARFAHNE AWEEY Z7hd)

e A dZFY Fg FaI 2AHAA Fokd.
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6572 v d A AHFL CTF7 183gez2 ndWE Ag E
2 FP FAA2u 7le HeFo vd F9Hez g0, 2
dy oAUy A FHF
o, AEY AR F(AZ} 045g22 1R G A dEgydd. NFAE
A dgAsgdl A &FFo A HlxdA FAHAZAE B
T2 d AAZFHA A FAFL AAFT F93HA 2AoJE B
Y dddsd g wE FIAF FHFLS Holx Fho. A o
£ 48 263%(A)AN A 365%(F)9 ®RolE Yoy Mg+ f93
Qd Aole HAHHA FIdT. Zﬁ%b}“ﬂ ARz  FAZF Aol
2 g FAGHAG wjAHFL 9.13g(F)dlA 128g(A)e =2 F4H<
2ol & B Y,
2 A9 A Ao wud £EAM AY5EY F7

A% AVEAE HAKEd S, AvWUnAY AR

e gAY F(F)IZE 066g2 2 1R =t

gl

(P32L12)E A3 Yol FAFH ARLFEL FIEHARTC
2 D)4 DUWAAY AR T (PA2LE)G FAHY Bol moA ¥
o At % dwld HAoaHs Faol et ol e
AHEW Al o g Heg e Fold 2L WFA AF
(Lee®t Putnam, 1973; Reintz %, 1978; Takeuchi %, 1978;
Beamish® Medland, 1986; Davies, 1989)% o}y g < o] (Takeuchi
%, 1979a,b; Watanabe %, 1987a,b)8} £ L& 2FAHAAME BiaHIY
. a2y o d Buge < Murai §(1985)2 AAAAF
26g9 dolol 4 +2 vwA(25 290 2 33%)% ARG, 10 2
3

15%)2 S48 929 BAANAZE 63 T4 A7 adwa £

i~

29 Z7ts g4 FAZL gou, 2E @9y

% 5
FEAA A Frhe 2AFY 22E zdsA% LusQd.
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Takeuchi 5(1989) 7Aoo A F 52g9 Ldeojod BFARE 65
#4948 23 Al 2¥d & 39%A 31-35% FELRE #F
o A} ARAESHEAAN ok FH Fa oA vt B
3 geoeyd, #5377 Qo] FAAAN ¢E ARV |
E7F 9o o,

2 489 2% ndBaxg AB((F)TY FAFL 125.1g
22 AHAFF R $FJod, Ard @d9F £59 Fe A
A Fe] F2 oA WEN FHLY FaAAAAN £ A

2 Aoz ZEol" # dul. Watanabe

o

42%9 vEAd £Ee Y
5(1987b)¢ 130g8 Yol E 7T AS ol & ALT A A
e guwa ¥ AW 53 7 360% L 185%A AR TP AR
Saagdod 24 Kegd d4 wAze gud 307%, A% 125%
AlRE AH® F7 374ge 2 A% ddttn Busdot. 234
ol 4¥ZAH @ VETY Rz EAAAN HA gof VAL
gojA A, 2 A¥elH UYEd P32L12F S AA WA F 334 g3
FASA dEHUYD T EF, ABAR AT Aa WA
458go) 4 64.7g2 2 FAe £t B APAA Uy ABAER
HATY +(66.1g)% FAFA.

wulad o4 AS(PER)E AFEYW w9 $£3o 72
o2t 27§ o (Pongmaneerat®t Watanabe, 1991). o] 8] % A g &= JF
2Hoz wwad AATo wudsE A2 A(Ogino, 1980;
Bowen, 1987; 7, 1994) 2 Al AL Ay @wds £z 7
2 v td P32L127F 9 P29L107 9 PERel 'zt 268 % 2582 A
A7F A% S48, 28U P32L8T Y HAS AFRJ o A4

38% % 42% A AT H4A Aol & molN AT, &
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A# ARe vwd FHES(PRECINE Yened, gvuad +3
of 2 ZAFo $4% A% PRE: Aoz A4dUTG. ol
# Ade gua 4AF] xdaE AN w43 FATS PSS

oz SAUGE ANZ ZFo 91 & ZAolth(Table 7-4). 28

4

id

e%3 ZAFY F¥ FAE PLST, PVLIO % A BAE
AN dexEd, olde A AATF) 4FRIAN FAR2 Y
o, @W, 2 Agl A AwwWLAY AT PERO 272 /% §
Faged, o o

% A wxsAt.

AW gHdY £722 2394 A%y $FL FHA3

rlr

W atanabe 5 (1987b)9] FAl A el £ X(2.6)

Ae AALS 47e f9Hoz ZseEu(Takeda , 1975
Garling® Wilson, 1976), 4 %9 23 A %9 vea As3F
AAYL FHHE ARS 4AS B, D L F AAFTAE AW
o) gol 7894 80%E AT M %y ZASAoU &9
He slole AReW, o] £FL Murai 5 (1985)9 QT g
A 33% 2 A% 15% AEE AAE T AAE FF(7.7%)F
2399, daq B AYe AAE 2 W AW AGFFol 12%
2N E AW ZA7 dojux Frodm AEANL & AL
7/3.

o]

t}. 3 #H, Takeuchi®} Nakazoe(l981)t ol & 7% A2 F F ol
s

£

£z AVPEL FHEY ARE HAS Yot BoA ¥
el Bt dAEGL AERD Yoy, o] =¥ FAAY
9 @ob wMEst AP, B APAHE o g A FEL

05% oldez $AaA FA%A7] dEo, ANge] W7t o §

8
HAW ARgFoe FrdATG T BRdAA, Ag do] 2P HRT
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#F a2 gaed FEL A FA9DAM Bad &} FASHA

*

e AFFA) @ sUed VAE AP FasA A
FHEY, A2 J87tE A 70 FAS A4S £ 4 Fo)
2A%Y A9 WAFE ZrsA Do(Lall, 1991). ol AL
Ao YAB ZAAUFE AW A 2AFL YAAA §157)

E)
g

Aol (F 5, 1996ab), ¥ 4P A ARHATY Folz Q
#Q HAFY ol deRoy, AW A FAZL 05-06%2
YRFA FAHD AL S 2 £ A, ol A& 9 wWAT Fo)
oueeyd o olgA4e ZE AYFAA AN A, @
A, #4HA sAole FAAANT AW A 7 (P32L12, P3SLIZ, %
P42L12)9] o WA Fo] AX YT M BarsE Roz e
.
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A4d He 2 48

BA% ARoEESE, B2 245§ 2 WA T wad
HE AHAF 97g o2 Aol AW vuAG AL HPS
2 4R e 3559 VWA(32, 38 L 42%)F F £
AW(E D 12%)e BH@ 659 A2 AvwFAL(PILI0) P 1

F ANBAE F 8F9 A¥AR 65T 94 A3 dgH 2

7. FAZFE nd WA (P42L12) AEE AT F71 1251
ge 2 AHFF 71E A on, AdHAAY(PI2LS)
2 ABARE T F G 97.7g R 938goe 2 AHAFF I A
Z3d 9. ¢4, AW 2 AP (P32LI2)T Y FAZFTL 110.8g
o2 38%9 FYwWA AR T(P38L8 ¥ P38L12)% n a4
A A M (P42LB)TF & R o H < ol & RHolA ¥R,

Y. A58 7& 22 aAY AgTFrt 1012 7t 548
oy A A A (P32LE), AT F AW(P29L10) R Al &
AR (Com)T & A g AMatgde Fd3HA AAojs &
A==z gkt

. dAAN FEEFFL MM v FAHeoez FarsAe
o, Bt 2 ANFFe FrGAC. gy oz Aard AW
FE9 F7he FA AAR FH ooy, 7.2-8.0%
o #FoE Z XHolt HolA F4o. HEHd ZTae ¢ A
o #3F =g d HYFAN dAFA FAHAG.

2. 2l A HAZFS AR AWFEd #AYe @92 &

o F7e FA FAH22(P<0.05) FradAod, AU
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g9d Fh¥e ADHAANLTF(PZLG Ao FAY
T(P29L10) ¢ A BAEF(Com)E AT AHgFdde

l

18.2-198g2 2 A AA HAHAR(P>005). ¢¥A of
ZE(PER)S @93 F&EF71s &4 Rrste Z2%S 2
Ren, 32%9 AYEHAFTE AdH Fodd € nadi
A FgoAMe AR F7d & FFgo Yy g%
9. P32L12F & 2682 AATF 713 53R oy, ARA
B+ 17628 713 A =3 A H(P<0.05).

ot @l d FHXE(PRE)S AW & TAQe ddy £
F St A4 Zarsdded sF 449 P32LI2T
(44.19% )9 P29L10T (40.9%)8 A& e A FRele &9
HA HAojzt #AHA Fuo. A4 wjHdFLE olg Wy
gl & a2 A #F2ddoen, P32LI2TF I F A
Kgd 334ge2 713 24 Jvegwgoen, addAxwyy
(P42L8)E 508g2 2 A BALE F(66.1g)8 AAE & A7
T Mg =A JdEeyd.

B, AHAZFS FIHA Aeles oy oAU A FAFL
P42L127(0.66% )9 P32L8F (0.45%)zt ol 2t # o] B 2l o] 7}
HEtR ¥ 8 HEaFgdde dASA FAHAD. 4 wi A
FE AW AR F7 gt oz ARRHALR S v %
Y Fase AeE JEIRoyd, d ol& A4S AAYF
o FAHA Aol ARG,

2 489 284 A43F ANEaFE 2 A4 AdFT SdHAAN A
AAEW HA dfAdAN APy £F A7 32% ¥ 12%E F 33
A dedn A, old @ AR Fu ABARY dwF FFo
2 2202 ZFaHodg e Az U,
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Az Mg Az Zojo st Jofo 48, 2
gz % FANY g%

A1d A7 A

Aed A8d of FHez2RH AAHE A H2877F

(BOD), 22 2 A3 ge $a2d499 £ 253 e FA2A2
+ 9t ARE 2e0. ode 298 Te oFd ARET
wHl s WP Aed AEBF FIHOE 1AL ARE 9B
gn 2 % At 2du, 49 HA U 2 o nE5g AR

FA) YEAEE o g MEH GEA ‘A AR"Z U4
9. AFte sAeded Ayl obd HNY F4E FE o
& Zu'E S8 AL sE oz e Aed A 4
#57 ode BAMES AUA " Esold Ao o 25008
/kgol BFHE olzed dojo A ARu FAAA oA
dge oF 60% olHoT wuh waAMd, A7ty Aod AR AW
9 @E # JoPH AEH wAe ARG F74 e Aol

Folg MPAEI} SEF 198482 H FA I Mo F4&
@ sx2 BBas AAsd 19909 64156802 AA WEE P
o AFE A4 T(880998)e] o 73%E AAGdod, +ded EA
of AFHAAM A A 1996 d & 43,883%__9.§ AA W
W gojAlE A4 (35388E)9 51%E AASAG(FIARY S
1997). ojge WA Zad: 422 T dodds AAze
gAzA 9@ AFrhe & FA oz s P Amme 4

+ 5% g2 8UE8°) BgHor AdFHn U, 2y, AJF4H
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Feo A FEE JFYH AASLE B A AR AL
FA AFFH AP ANBL AsHez ZAANA Uz A
Zue JolMERE GIAH A7 go] Yre ARE Ry B
EQ oAz AFAXN AAAMe A olAANA %%t A=A

=]
=

29 T A ALH3 v @@ AFoAM A5 9 AAol

Zbo e, o] B JdolFA e Addez A odd. wa Ay
AARZEA S AP n dFol 480 FAAd £2 298 =% A
Z2Ad & e Age Hgo AAI aFHu . o F AHA
FAdYd F8 AL 2 A oS4 qF AzxHeo BWA
stot. AtE W DA Ao Yojo g 2 FFL Z7Z Oginodt
Saito(1970) % Ogino®t Takeda(1976)d <23 Hx=2 R IHAY
AFRH dde] WHdIFe Fo7] A8 HNAY dWA sFS HA
71 $1% dF+ Takeuchi 5(1979a,b), Watanabe % (1987a,b) %
Takeuchi 5(1989)cl ol st ALH o2 o]FojHOY, Ao uwjMF
< o7 A 7€ oFAA AT, olE AN AU F
o ¥ 8 TF FELE Fole o AR FLFANY, FF
4R H42Y d3AE R BFFHE &40 Fe Q9 FadA &7
WEA E7hed dAog. au, AAAHA 4F¢ AdsA =
TENA L ANEFE ARG A F A9 £FL AA B
Ad = glen, 2278 d WdZYd FJ4AHAQQ 22 E U F
A& Aok, A7F AdFNA YA AgaTE € i WP
of Zlwrg Asd HA dWA} AWe A 32% L 12% FFEO
2 Ugwon, As5de A7 Agd dAQABdEAd HAH AL
FE 2% &Y #HAD. ok &, AM4F A A6FAM FuUHY I
oAAbE Bl gl o&HE YRAEY QA olf Ao WHAHY. waA
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Fe o2e Hagadt $E0H A7 HeW MHEE AX
sn, dHeze A3TY AR A iFE: UL Ag

@ mle Aoy AEE AzHAd, oS AR Fdo me
AN 44 2 29SS vz AL WA BHoz
49T, £28 o8¢ ¥ 72 odE AAAY D
MYstel AFUAE ol 4W AANHE WL IY UWsd 729
A5ATF (MY 2)2 $959.
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A2d As H ¥H

L A2g Az 44 2 9= F7/H(AEFE 1D

b 2P FE,AGMNE L AYAA
AHE FolFezRE oFd HF 150g9 olz27gd o9
(Cyprinus carpio)& 43 ¥ €& A&y, 2dd&du F44d3
4R R4 FIFATANA 15U9T Y FENRE AIFE 6F
BB F9: 419) ASE2E LS A0, A7 gl 449
of ol g3 @& AAAREE F AITd FdHdFAG. AAF g A
TR USRS 2EYY AAY FEAA A 24409 Y F

AYANaE 239 AN 2 127 oY Ass 289 A
AE2A, A7 A2d ARAE oF 10%e WEWE, AWE, 6y
2, A 2 WEgY g2 FAHY z2ody 30% 2 =AY
12% % dF33EF dgded, 27 A9 AE(B)E 10% 9 o &
5% 9 o FExH EWA(BIO CP70, Chile)E T 54 982 %3
o, 22y 35% L AW 12%E FRFEZ Az AG. A A
29 Y AdAVBEE oA &S AMP)Y FFol 055%
g2 #A%ES sgod, B AR S $A9 £FL AFE @
2o/ Al UANVEY ASBL 1%2 nRHAYG. T FF e

AP A8 & Wenger extruder X-1858 o] £33 9 4mm 3719 B

O

Joz AzsHyn. @3, NI AHEH 2 359 ¥y4 A
NEE U NBAEF A I % AF e A AP gL
AozA 2 HAE Sse FTYAAG. APARY Fqy 4L
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Table 8-1o1 A A€ vt Y. F 448 Koz £29 300
4 ddde] AR,

[«)

*
ES

Ore

[ad)

g

83y AFFAE 1249 ASx, =, A2, 1249
Fz 2 232dz2 FAHALY, 5 AP FoZo UVAH
7718 #&3add. £29 £#FL 130LE AN & & (flow rate)S 3 &
10~ 12L/ming 29, #2& A AF7 ¢ Fd 28~31TS HHA 3l
Ak, zZt A% Zolth. Z 7] (aeration)7t AL H oz oAy on, A3
212F A%z A8 HAAYE F oot E A dnAE AFEd
F HAgad. 7lete AFFAE Kim 519950 A n s 2
% Tt

o, 2AEE

AdAre AFN wEe A3 ¢ Asr&€ F9357 4
3t Z A F(weight gain), At 8 4 # ¥ (feed intake), AL & & T & (feed
conversion ratio)® o AW ZF A Fo sIAF A4L F A FF W
dze Hrtsa7l st MAolg FrOY ETAEHE NG F
AA8 93204 AW 538 492 FE Zdd 23d 94
2 AAso AA Z3HEF S (nitrogen retention efficiency; NRE) %
Al % & & ¢ (phosphorus retention efficiency; PRE)& ZAts Ao

A2 2 A9 o gHES FAF VAR EAHAS.
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Table 8-1. Ingredient(%, as-fed basis) and chemical composition

of the experimental diets

Diet

Ingredient

Al B' Com-1 Com-2
Brown fish meal(67%) 10.00 10.00
Soybean oil meal(44%) 39.15 4545
Wheat flour(13%) 39.83 30.23
Fish oil(sardine) 7.80 7.10 closed closed
FPC? - - 5.00
MCP’ 2.00 1.00
Vit. min. mixture 1.22 1.22
Chemical composition(g/100g diet)
Moisture 8.06 8.12 854 6.46
C. protein 33.25 35.63 37.78 35.35
C. fat 12.77 13.05 8.40 8.83
C. ash 7.05 6.45 6.91 13.79
Ca 2.66 1.77 2.16 467
P 1.11 092 0.99 1.87

1Supplied the following amounts per kilogram of diet : vitamin A, 35,000 IU;
vitamin D3, 7,000 IU; vitamin E, 70 mg; thiamin, 14 mg,; riboflavin, 21 mg;
pyridoxine, 14 mg; vitamin Bz, 0.14 mg: pantothenic acid, 49 mg; niacin, 105
mg. biotin, 1.4 mg; vitamin C, 70 mg;, Mg, 240 mg; Mn, 140 mg:; Zn, 280 mg,
Fe, 84 mg; Cu, 24 mg, Se, 0.12 mg; Co, 39 mg: 1, 6 mg.

’Fish protein concentrate (B10 CP70), Chile.

*Monocalcium phosphate, BASF, Germany.
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Table 8-2. Amino acid composition of the experimental diets(g/100g DM)!

Diet

Amino acid ry B Como1 Com2 Require:ment2
Asp 663+006 689+0.14 445009 383020

Glu 7124024 7471010 923+006 692+0.09

Ser 2071003 214002 185+006 212+0.13

Gly 169+003 1771001 177+002 224009

His 120002 1321005 184+001 1.00+0.01 08
Arg 264+004 280%003 270%004 270+0.09 1.6
Thr 1774002 1.89+0.02 171+012 189+006 15
Ala 211%002 2224001  181+004 235+0.06

Pro 158+004  162+008 226+005 = 1612006

Tyr 1241003 120+011 120%009 1.14+002

Val 1.98+0.19 1974003 197011 186+0.12 14
Met 0641005 063005 062+007 0.83+0.03 1.2°
Cys 005001 0.12+001 030+000 0.29%0.03

Heu . 196£009 197+010 173+000 181+0.06 09
Leu. 3054005 329+008 331+009 3.12%0.14 1.3
Phe 1.33+£002 165+030 134+002 1.72+£0.06 25
Lys 2201003 278+055 3.12+0.10 276+022 2.2

"Walues are meanstSD of two determinations; Trp was not determined.

INRC, 1993; *"in the absence of cystine and tyrosine, respectively.

2. A4y

A ES oAl YA E(Table 8-1)& AOAC(1990)¢] %4
d wWa EHsAEY, #FS 105CY 22oA 24 A AxHY
oo g A(N x 6252 #AY PPoz, AW deHgzfz5ye=
fge 550TAA 1247 HRAA rASdY. vagRe
ammonium oxalate #4422 FHAAZ F HS0; £ Y3 wgAA
KMnO4=E A Ao F3 20, ¢d(P)& vandate molybdate-yellow
#o2 470nmol M spectrophotometer2 2 A s ch. 4@ el A A

307 (10714 39 E) o FaA wED 5u9 JojE Y2 A 3FH
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#7182 ol & T4 (photo-3)8td F H&F o 10gAEY
g A &4 o) & A, YA ANage BEYAAA -20T
o W ool 2aAdAT. AW otul x4t EA(Table 8-2)2 A&
1gg¢ 6N  HCIZ  105CAA 244 A28 o&
PITC(Phenylisothiocynate) =4 Aoz wgAA HAI 34
A 71 &+ & HPLC(Waters, USA)Z A %3 Ao, dojA Ao FA
H BEMNEe BAREAM3 Duncan(1955)¢ multiple range testol 2] &
o] SAS statistics package(SAS Inst. Inc., NC, USA)E o] &34
A A A,

2. 7t5Elg o8 29 R BAAL B/HAEEF 2)

b AdEE, A4 2 HAEAA
AT EZE HFAAF 1929 go YA (Cyprinus carpio)
2560wkl & A& Ao, 15929 HL2NRE AXFE 67T MG
AEANEFA: 339)% dAsAd. 2¥AAss 48 14 A& v
9 FUHAG. F 4F F 9 AR 2 E (3200 /EF)ez SHY
of wf A,

Y. g g
AFAFge FHFUFsAITAY HFAd HAE HFY
(photo-4)ell A A A& AT, 7158 FRE 3X3x2mEA WHdE
FAEd AR F4 FAE Aty ZrFPeoes AgFAddE A
3} i1 (Photo-5), ¥t 21288 "o ZxHol o APl A&
A=E A, AFAole 2008 HZE 0§t FHAFE 1Y
24N A% FFsd £3& 3 A FASATG. ARE 24 7

2
o
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ARE 2% 5A7A 24T BHFo2 19 63, 157 693 do3
dek. 19 AR FAdFE AFY 3%E Ve FALH AF F
bl @ diF AEFE BEFAFAGY. £2L d ArFdAvq
2309 63 A& FTFAcd AK7T T 263F258T (22
0~305C) 98 Yet A,

9. ZA4YE

z4gEe 49 164 A2@ e 2R AFoA A
2o AYANAS FRAA FREd, 01gHhA B+ e AAA
22 2 752 Adolsd WA FAE @ 3toH(Photo-6).

. 2Huy
| AGAY AAA 79he 2 EFRAC 4 AT R 3
279 Ado] 5P HE TAYEZ 23 (photo-7) WELBHY
G 2ag A2z AEadT. SPAE % AAost TE
243 Aoy Ang FAAAE 49 104 A48 v B

32y

ARl AWAR, Ao Faoe A F £ 2w
dojn Ane FAY BNE 49 19 A v gao
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A3d 4314 € 3 &

. 49522 o|8% 9d% FAY 1)

7. FA,AHELRTE E 9l Adol g i s

Table 8-3c A A® utgt 2o 652 AFAEE HHS
oAFo FHFL 1148go M 142.7g2 2 H 9 FH <A 2] (P<0.05)E
B9t AR LT E(FCR) £ 106914 1399 ¥ ¥ 2 Com-2 A&
2 AAE FAA4 HF 2A dEYeH, Aed AE A FA9F
R 9A Jdayd. 49 43 & (DGR)S FAHM A vt3dzixz A
e F9F 156%2E2 MF e, BARE F9 7
149%2 F WAz o ANBARETFE 44 1.36(Com-1) ¥
1.34(Com-2)2 A % B A8 3974 FAHYI Aold 2%, H
Z AT dH dd A s54dHE(DFR)E Com-24&E FoF7t
186% & 713 E%em, AAE 84 F7 165%2 713 @ %d. o
A4 B 2 Com-1A8 F9FE 1.77% B 1.76% 2 A3 A e
Bwo. #H, gy oL & & (PER)E AAlE F9F7 2618 A3
T 7HE E%2on(P<0.05), Com-1A48 F4F7 1872 713 2+ %
ot.

Table-2l 4 & =+ & H4 o] 4 T/ AdPAsE
B oo 23FL X8 oy, dxede Y
AT, ABARS A2 FAFo] o & vN2de AYAA
]

N
(2
o

= AJ7 e 482 FF 9 ¥ A7 E o 31 9
O dustd, 329 A8 A R BE oE AwAE NOE Hf A
¥

TE A= T8 FAF 537 o Folr}.
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Table 8-3. Weight gain and feed utilization of carp fed the experimental

diets for 6 weeks

) Initial wt. Wt. gain . DGR® DFR®  PER’
Diet FCR
2/fish &/fish % %
A 1520 142.7° 1.06° 156° 165° 261°
B 152.1 1338° 1.19° 1.49° 1.77° 217°
Com-1 151.6 117.1 1.30° 1.36° 1.76° 187
Com-2 151.8 1148 1.39° 1.34° 1.86° 1.91°

mean*SE 151.9‘*:1.5 127135 1.23+0.03 1.44*0.03 1.76+0.02 2.14£0.05

IFeed conversion ratio = feed intake, DM/wet weight gain

*Daily growth rate = 100{wt. gain/{(final wt + initial wt)/2})/feeding days.

*Daily feeding rate = (feed intake/41)x100/{(initial body wt.+final body wt)/2).

*Protein efficiency ratio = weight gain/protein intake.

®eyalues iﬁ the same column not sharing a common superscript letter are significantly different
(P<0.05).

Ogino(1980) A& W ©@WA $Fo 40%Y o do9 v
Aed LT7BL ARY 064%A 1 B3 HUT. o £ vy
d g WEL(064/40 x 1002 THW 16%2H Hed AR A
B 2 Com-2 A& & 16%A 22%2 o & FFT%n doy
Com-1AtEE 15% 3¢ Rolx Utk wad, AaAaFy A=
@ AFgo tANed ZPM ST FHY FE Y A 2
o, 993 oL ES(PER)S AU ©WA £Fo #agd g
Z 7} 8 o) (Pongmaneerat 9 Watanabe, 1991), ol @93 43 Zo|
Zhgo weh ZAHE RE o0l o (Bowen, 1987, A, 1994). A
TRAME olde AFe B YFAUG. ¥ AdANE Y A
A A#Fol 87ge 2 B F%W AT 26124 B Hal Fol u
A} FHez %7}%}%@. 28y dmA AP FE 9.6g(Com-27)
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o 4 10.0g(Com-1F)2 2 FAFox £33 32 BF7t A BAE T

BiE ¢ A FAFY ol A A AT,

MAel ok 653 HPAESE HAF Fao9 Ax3y =24
2 Table 8-4°] vetyd A, MAd 8 FFL 766%2 BA R
2 AIAT AFY F¥ FF 752%9 T KFI9HA AE A2
g AdF4E F94 Aojg BolA Ik, A AL 143% (A
o)l A 152%(Com-1)9 HWHE BHIoyd FoAdFHA Roje EAH
A gk, AL BE AdF AAA45%) vH ey B
AME FHF66%)E AAF BHAFZAE FAH Aoz AAH
(P>0.05). 12 &ZFL 7Aoo 3.09%cl vlas] ZEE M FaAH Fa
2 & ngdoey, & AAETFI 1.85%E MAo 1.82% < #*
A ATk, Q FFLS 043%(B AHETF)AAN 050% (AR A A S
HAov, Com-248 FAFE 039%=2 MA E AxE T ¥ &
FAAAd AolE 2ATH.

dnH oz oHFe FIG FA AU FEFIFS F2
dn AWgFE FrSH(A 1994). 2 AT7FAAg AFGe vl
AR & A2} B AETE A 2@ APl FHO
ety gt ok gy, ABAFEY AWFEF 84%(Com-1)d A
8.8%(Com-2)d W Hod AEET 128%(A)A 13.1%(B)Z =
&A= EFsGn oAU AFFZFede A7 E 2AE Ho|A
. AFe MAALAM & | ojdd ALdLE AFAEH A
e g0 HI FISFE A Q.

AEY §F2 AANEFTE AAY ZE A F7E RAY
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Hd fFaAHez Aoy, 2d £F o FIE FFE B A
9. a2y J #HFLE 043%(B AHE )M 050% (A2 H A
& $FE YD ABAER Com-2(039%)8 Add3dtne F93%
q Aol E HolA FA. oY AL oFd AW A FFL A

A 993 04~05%2XN Audyoz dAFG #8202 FAREHD
g H n(Lall, 1991; A} ZH, 19959 YA 24E&E BAgFA,
Table 8-4. Whole body compbsition of carp fed the experimental diets
' for 6 weeks
Diet Moisture Protein Fat Ash Ca P
A 75981029 1436%0.09™ 5841043  281%020™ 185%015  048+004°
‘B 75.20%026°  15.06%0.38 6.55+0.43° 254+0.16° 153011  043+0.02°

Com-1 7618+032* 1524%024 525+0.79" 259£015° 1622005 046+0.08%

Com-2 7596+023% 1497+037 6.10+£040®  235+£002° 134005  039+0.02°

Initial 76611023" 14.34+0.09 448+0.12° 309+0.16° 1.82+001* 050%0.00°

®edyyalues {mean* SE of triplicate groups) in the same column not sharing a common superscript

letter are significantly different (P<0.05); ns = non significant,

. A4 A WM H FHES

AE AEW A FFe g Kg T4 ¢92 L AF
#F, AW Z7+%, dF 2 %2 5L (RE)E Table 8-59 A A5
Ak, FA 44D A2 HAFL AEd AL §Fe A %9
Com-1 AR 77 856g22 A2 d AR A 2 BPol & §e40
2 g%y, Com-27 8%+ FAFARH(P>005). ¢4, Algd A&
g Fol 578g/100goi AW AAEE FALE A4F A2 HHAFL
613g2 2 AT ¥ FdHoz2 FA UYE WS F(P0.05). 28
4 oMW A4 3743 230g (A AE)NA 263g (Com-1)2 2
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H}

i

FYHQ Aot 2ALYAT FUHoz JPHAG. A
2 MdFe L HAFol AP *Rd AME FATF
383g22 7b3 WA L(P<0.05), A2 HHAFe] 743 %A Com-l

oz A

e F9F7 59.4g2 2 73 A daxd. REx 30.1%(Com-2)
A A 376% (A HHEAH HFA 3B2%ATG.

Table 8-5. Nitrogen (N) utilization of carp fed the experimental diets

for 6 weeks -

) N in diet Intake Gain Excretion RE?
Dt ¢/100g DM g/kg wt. gain %
A 5.78 61.3° 23.0° 38.3° 376°
B 6.20 73.7° 25.4° 48.3° 345°
Com-1 6.61 85.6° 26.3° 59.4% 30.7°
Com-2 6.05 84.0° 25.3° 58.7° 30.1°
mean+SE 76.1%t184  250+004  512%+181 33.2%0.70

YYalues (means of triplicate groups) in the same column not sharing a common superscript letter are
significantly different (P<0.03).
*Retention efficiency = 100{(final body wt. x % N in whole body) - (initial body wt. x % N

in whole body}}/N intake.

AEAR 100g% ¥ Aed AR A % B AR
Z+2Zt 121g 2 1.00g ol en, Al#ALEE 1.08g(Com-1) ¥ 2.00g
(Com-2)ol At} (Table 8-6). & KgZ < HAFL 119g(B AR
T A 27.8g(Com-2 AFEF)o 2 Al d ¢ S Fo w2 Fse
2%E By, 284y, A 8T A% 128g2 2 Com-19 14.0g
Bop ooz A dERD. dAd d FHFLE Com-24 87T
7b 25g2 2 bR @A Jdewen A ARFI 46g22 M =2
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% (P<0.05). Com-1 AlEF & 41g22 F Y42 E¢on, B AR
TE 34g2 2 Com-279 vl NqEs Estod, gxa o HHAHE
FdHeoezr Y. J wWAZFL Ad A € BAE FHF FF
82g R 85go 2 ABAET Ha F4Hoz W¥tevw, Com-l
AlE T £ 99g2 2 253gS Wi ® Com-2 A& T Hs fFoHeo
2 2%d. ¢ 428 (RE)S Com-2 A48 F7 88%& 713 A=
sdted, A AR T 359%2 3 $58%929, B 2 Com-1 4}

ET7E 727 289% ¥ 20.1%2 A A Uego

Table 8-6. Phosphorus (P) utilization of carp fed the experimental diets

for 6 weeks'

) P in diet Intake Gain Excretion RE?
ot &/100g DM g/kg wt. gain %
A 1.21 12.8° 46° 8.2° 35.9°
B 1.00 11.9° 3.4° 8.5° 28.9°
Com-1 1.08 14.0° 4.1° 9.9° 29.1°
Com-2 2.00 27.8° 2.5° 25.3° 8.8°
mean * SE 166+051 364*+0.03 130*054 257059

Walues (means of triplicate groups) in the same column not sharing a common superscript letter are

significantly different (P<0.05).
2Retention efficiency = 100{(final body wt. x % P in whole body) - (initial body wt. x %P in whole
body)}/P intake.

ANBAE Com-13F Com-29 ZA$¢ AJ/ Hed A8 AT
d ¥ FA Kgd F4 wdze #Z 55% % 53% F 78 Ao

2 dEged, olAe Ay wud £E28 oy A A
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2 A% AR_TEY AdddA FAdDd. ARY S¥F £F9 Z
o A APE T AUA FEY Fe FABY ALY oY
g 24 EFd FA3A 428 A &dE A4S Watanabe §
(1987a,b)e] B 3elA Z deaudx o, 4 739 dFJME 9
oA . ¥8, A MdFg Z2E dAME A8 F
g FESL ST & A 2FF FTLR R¥5 ABELEE FHA
Aok @ oh(Lall, 1991). 28 olm o] 47t% Q9 FFLS 8 7FE
FEANAC (A F, 199%ab). ¥ 49 A dAANTEL 2%
dHd A AEE AT olFd Q WAHdFL 82ge2 B AR T 9
85g% A ANAAm T vs FIHoz 2RUA. A AR B A
ol Haf F Ao FFol 021%Y EUSAE BEFn 9 wAR
of ¥& olf e A &FFE FF8 Aragol ¢
olth. ol @ AHE L Atg U FAY FFELE RFEE R $43HQ
Aol oty o &stE A FELE &
Ft Aol IFHA AL AATY. ojRe YJAZEY HA=R
°]87t%T A FFEo 2FFL FFTY @, M FHNF ARRG
T Y O MAEZFS Fg4Hez

Z 2@ (Kim3 Ahn, 1993) ¢ 9ndd. &2 499 A3 A7

F A gFo FolAdaE FAGY

A2d AR AE AT oFd FA dAZ Q9 wiHF@B29)S 4
ol A8 ABARE A AFY HZ Wl HF(176g) B F
el d Zasdn. =28, AA F(1994)0] £F o ABABRE o f
g SR FE A wAFU25IRGE o} 34% FAF Ro=
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7. FA,AELTE R A olgES

653 AYARE HAF olzgtddo] FAF, AARL T
2 2L DAoL ELELE Table 8-79 YetAd. AFMAA 7
AZF 1929g9 HEolst 4AgFs A HF 3919g22 A Ao
oF 2ufeo FAE BAY. 48T FAZFE Atgdd odg ojst A
cd Ad¥AE AF (A7 AL EA R 2231ge 2 M 21, 2
tggo] APAE BR(L7} AL PAR)E 2118golRq ony, AABAE
F(Com-13 Com-2)t AFAEFERTG F2 1916g ¥ 169.7g°)
0. ddA8FEE SAHNFH 22L& 92 AFAE AT 223% 2
7% 3 Com-277t 186%=2 713 @ gtew At F9x7t
QA AL (P<0.05)

AR & 7 &(FCR)2 AL EAEE AHHT 2¥AE A% B
F7b 2z 1.08 2 1.152 ¥ ten, ABAE Com-13% Com-2F+ <
125 € 1442 %3, 4 AE e 93 #AolsE By, o
o] 8 E E(PER)2 A3 A58 F & 71F F3dn Alre T
g Fol Fe APAE AT & AT 9 ¥Fs w2
2568 YEHUASH, 437 A58 T & Yymwu Az g
Fol ¥ AHBAE Com-27F 1842 713 ¥ & @& RAG.

dH, AFol g dEARY dILAHHAES AFEAIA A
EF9 71 E°1UYY 3BT 3P e gd AT HFF 25%2 U
Bdon ABARETFN ALY AEFEYG i AT ALE T
Zaeole RolxA ¥t 2 FHozE Z HPFAAM A F&

% (239~ 244g DM /fish)S A H A o.
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Table 8-7. Weight gain and feed utilization of carp fed the experimental

diets for 6 weeks

, Initial wt. Wt. gain . DGR* DFR®  PER'
Diet FCR
2/fish g/fish % %
A 192.1 223.1° 1.08° 2.23° 2.41° 2.56°
B 1946 211.8° 1.15° 2.14° 245 2.25°
Com-1 193.3 191.6° 1.25° 2.01° 2.50° 1.95°
Com-2 191.6 169.7° 1.44* 1.86° 268 1.84°

mean+SE  1929%32 199.0%£25 1.23£0.01 2.06+0.01 251+0.02 2.15+0.02

'Feed conversion ratio = feed intake, DM/wet weight gain.

Daily growth rate = 100[wt. gain/{(final wt + initial wt.)/2})/feeding days.

*Daily feeding rate = (feed intake, DM/33)x100/{(initial body wt. +final body wt.)/2}.

“Protein efficiency ratio = weight gain/protein intake.

*yalues(means of duplicate groups) in the same column not sharing a common superscript letter

are significantly different(P<0.05).

ANAFo G2x 9 AEHAGe 2 HolE w7
gouy B Age Ane AY522 o4 4y 19 A9 9
& AYe volm Yok, 53, ARATFEE A7 Hed AR AT
AW INHE 106, 191 BAGAME 1082 FASA U
Ao E9 vy o)8EeE AR 261 A 25622 A7
Aed A2 ATY MHERE F dudz o,

. Axy 24
AYANANG FaAY AYo] Mz ZAHWIHE Table
8-80l EAGYUTYG. 2T AGMA D 2 Emo o § 9
M Aol AAT(P>005). ola] @ BAL AF IHE 5 a7
U et o
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e AN 14.12%) H#H FadE 1427~
1562% HAZA G2 5 @&e Ygugen, F80 FAAE 4
YAE BT S ABAE Com-177 & 4FFuct gtk o A
W AL BE AW Com-1 ARE 4AY a0 Wo] 6.65%ZA
A (7.86%) THE A Wol(7.93~877%)0 & $dHoz B
oo, BAYTFY FEAY MA Tt Aol AU, HEH B
# T Aol MAjel v TR} B B APL A
oy ANUY Z Fao Aold e ARHA Fg. A,
Zaole AFFL 039~044% WA 2ZAH ZE AFTFAA AA 9
054% 80 Rgtow, F2o FAHAE A% Com-2 AET7 o
AP T v FYHoz Fe 2(039%)e YEHUUTG. )R A
4 16149 A% Com-2 AE7e A &33 S£ds.

Table 8-8. Whole body composition of carp fed the experimental diets

for 6 weeks

Diet Moisture Protein Fat Ash Ca P
A 7400+£031™ 142710269  7.93+048° 2471006™ 1.70+004™ 044%001°
B 74201013  1562t0.17°  8.40+0.20° 2261005  149+002  041+0.01™

Com-1 7470%022 1530%£0.11® 665+0.45° 2291012  159%0.07 0.43%0.02°

Com-2 73.09%t026 1488+t028™ 877+042° 2.28+0.20 1.49+0.12 0.39%0.02

Initial 74.3320.07 1412+0.18° 7.86+0.08* 256%0.16 1.67+0.03 0.5410.00°

#tyalues (meant SE of duplicate groups) in the same column not sharing a common superscript

letter are significantly different (P<0.05); ns = nonsignificant.

022 Q9 WEdRF 2 FHEE
Table 8-9% 8-10°l& 2zt d¥AEE HHAE o2t ddd
o A& g9 WAdF R FHELS Y UAYG. Kg FABL 7
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Fozg Ao HIABL 626g~870ege HHZAH Agd AAE
Fn AAE8 T &9 AFA w A4dAE A, B, Com-1, Com-29

o2 F7adq.

Table 8-9. Nitrogen (N) utilization of carp fed the experimental diets

for 6 weeks

) N in diet Intake Gain Excretion RE?
Dt 8/100g DM g’kg wt. gain %
A 5.78 62.6° 23.0° 39.6° 36.8°
B 6.20 71.1° 27.2° 43.9° 38.3°
Com-1 6.61 82.3° 26.4° 55.9° 32.1°
Com-2 6.05 87.0° 25.2° 61.8° 29.0°
mean+ SE 757061 255+0.02 503%0.60  34.0%0.32

Walues (means of duplicate groups) in the same column not sharing a common superscript letter are
significantly different (P<0.05).
?Retention efficiency = 100{(final body wt. x % N in whole body) - (initial body wt. x % N~

in whole body)}/N intake.

B, Kg T A2F57H% S 4948 Byl 272502 @
Xx, d%AE A7F 23.0ge 2 71 AUy A AFFXY zole
Tasdn. o A A4F 1Mo A#g A9 FIHIG.
et i wEdFE A2 HAFH 2L AL B ABAR
Com-27} 61.8g2 2 713 ®sken, 4gA g A7 396ge 2 AU
2. 28, F2FHELA UAMNE H2d AR Ag BelA
36.8% R 383%% TR, AABAE Com-1% Com-29 A4 & 32.1%
R 29.0%=2 ¥ % JeE AT, v o] HedARE FHF

A7 71€9 ANBAME F947F ¥sd Kg 3T 42 W43
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o] @ME U, 53 A2 AT AY HAA A ALY
A AYAE A9 A$ ANBAE Com-1% Com-29 % st
H @ st 328%7 28 Aoz YeERog.

##, Table 8-100] uetd uvtsh go] Kg A% A 43
Fo Zo YAME AR A¥THF ABLTFEY Wold wF
AR Z Fo)E RYG. F, A=Y A §F} A5 T & F
2t 2% 2 1442 7t =Y ABAE Com-19 < U HFo
288ge 2 7% Ed:, AFFe 1%= 7tF Y1 AgAFE 115
2 5 wAz $4899 AWAE Bl A 4FBo 115g02 7t
F g, 2 9o Hed A8 A% ABAE Com-1& 2z
13.1g % 135g22 3¢ deudS. Kg AT AAW o 37
de TR AgBFH ZAB we gHFsd, TR AT
o ¥ ZATE AW ABAZ Com-2014 22g0% i A
, & /‘}E.f’ﬂ doAHE 29~36ge 2 2 Aozt AA F G,
MG ols dAFH 2ABY Hold Kg AT A Iz A
BAFRE Com-291 A4 266go 2 71% Etx, 4848 BolA 86g2
2 73 wkon, ABAE Com-13 APAE AdMe 2z
103g 2 95¢¢ YEuU. A SHase HAFH doghe &9
2 NB/AR Com-27t 7.7%2 7t 23, 49AE A7 27.1% 2
A Ekth o4 F el Med ArTFA AYAE A% BY o
MASFL ABARE Com-1 2 Com-29 HF U widI} vz@
@ 2 487% 2 534%7 B2 AT

2 oa9e A% A AETY o WHFO50) B ART
(8.6g)l Bl A EROU(P<0.05), 4F lAME olg Wz A AE

F7F 82g22 B AR T 85gF FAAHA AolE RoA FUG. o
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2o, ol2g ZAA2REH 4H4¥E 144 A ArRFY J FHEES
359% 2 B A8 Mo 271%2d Q8 w4 Jdeo.

Table 8-10. Phosphorus (P) utilization of carp fed the experimental diets

for 6 weeks'

_ P in diet Intake Gain Excretion RE?
Diet fg/ 100g DM g/kg wt. gain %
A 1.21 13.1° 3.6° 9.5° 27.1°
B 1.00 11.5° 2.9° 8.6 25.3°
Com-1 1.08 135° 3.2° 10.3° 23.7°
Com-~2 2.00 28.8° 2.2° 26.6° 7.7°
mean* SE 167+0.11 296+001 137012  209+0.28

Walues (means of duplicate groups) in the same column not sharing a common superscript letter are

significantly different (P<0.05).

?Retention efficiency = 100{(final body wt. x % P in whole body) - (initial body wt. x %P in whole
body)}/P intake. ’

Kg 242 425t 249 A9 $& A2y oS JFa
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Table 8-11. Feed cost (won) for 1 kg gain of fish fed the experimental diets

Diet A B Com-1 Com -2

Cost{(won) 764.6£86 1007.8+138 912.2%39 1014.8+23

'Values are meanstSD of duplicate groups.
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<Photo - 1> Rearing system in KNU

<Photo - 2> Wenger extruder X-185
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<Photo - 4> Net cages for carp culture
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- 5> Net cage installation
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<Photo - 7> Sampled fish at the end of the experiment
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