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Utilization of phosphorus in common carp fingerling diet
supplemented with inorganic phosphate,
enzyme phytase and citric acid
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Utilization of phosphorus in common carp fingerling diet supplemented with inorganic

phosphate, enzyme phytase and citric acid
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Abstract

A study was conducted on the effects of two inorganic forms of phosphorus (P) from two sources
(monosodium phosphate, MSP and dicalcium phosphate, DCP) at the levels of 1.1 and 0.55% in
combination with microbial phytase (750 FTU) and citric acid (0.22%) when fed to juvenile common carp
with an initial body weight of 4.9 g for 8 weeks. Nine isonitrogenous (crude protein 35%) and isolipidic
(crude lipid 7%) diets were formulated. One contained no inorganic phosphorus, phytase or citric acid
supplementation (diet 1, control diet), while the other diets were supplemented with MSP and DCP in
combination, with or without microbial phytase and citric acid. The results of this study indicated that the
fish which was fed on diets containing MSP had a higher growth than the fish fed on DCP supplementation.
In addition, if phytase and citric acid are combined with inorganic P (MSP), the use of MSP can be
decreased from 1.1 % to 0.55% without causing any adverse effects on the fish. The P waste output was

significantly lower in fish fed on the treated diets than on the control diet.

Keywords : common carp, inorganic phosphate, phytase, citric acid
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augandouslusiunme iesndarfimsiurearesalugdvesleania fiegluilaezinnndnla
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Tugneanuoamasondt Tvlan (Unlig, 1998) unasleanesaniningauainiesiivatesiialaun $1

azdea 51917918 A3 Tuan 1Wudu (Chung, 2002)

2 1. Tnseadramaniivesnsa lil@n (myo-inositol 1,2,3,4,5,6-hexakis phosphate) (Adeola and

Sands, 2003)
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a J o 1 a -4 a 1 o 1
nunidvoaa (Po43-) Tudrldvestlarlu wudnsgeaduazimeduuinaudiunanvesdrIduinni
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S 4 ] o a Aa H
Yarlu Ao 5-15 wesidud szdawaiilinisniadavulavestarludfige (Takeuchi e al, 2002)
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5) anud Ry ludvourIHgNY

Yanluda ldduflulanifinnuddymassugiveslan mndeyaluila.a. 2004 wandalan

g = v a & sl o A A & a y A
Vlu‘ﬂ']ﬂﬂ'ﬁlw'lglaﬂqq’\‘]ﬂq 3,387,918 a1l ﬂﬂlﬂu 13 Lﬂ@ilcﬁuﬁm@\‘]Wawaﬁﬂa']u'mﬂﬂﬂiaﬂ l!agullujjuwlwu

d

2 A v @ = = a 4 2 % I3 = = R
wnYunnl nawatla.a. 1985 Den.a. 2004 wawdailar lunniuludast 10.4 nlesidudaeil niode

=

Wunvawrdaididy Taoluile.a. 2005 Uszmetuilulsymaniinsnanlar lugesigavesTanaaily

q

dadauda 70 wesidudvewanaaarluialan sndeyaludl 2008 wawdailarluia Tanuag lug Tsail

UTnagana 2,987,433 Aulaz 144,747 GUAWE AU (Peteri, 2006; FAO, 2011)



14

1.3 Yagilszasnveaanside

L ednlSeufsugluuvesedunsddealaldua TuTulsdeudoamlanas la
unaienrloalaiidawademsniapin Tanazms1dlss TeminnveanoSavelarlu

2. vitednSoudfiounavesnisldien sl liaanaumueiunidoanta sauinavesnis 14
oulwd linaswiunsadunididwasemswiydy Tanazms 19ds: Teminnearlesavesdarlu

] 4 2
3. methwannmsnaaesi hlszgnd lumsadugasemsdmsu@ealanluFonsiadae la)

da v
1.4 Uszlaminlasvoinaniay
1. nswdeguuuiming auvesetiunideanlaiawisaldasuluemsvesarlu
2. nawdanavesmatasueu lal Imasmdunsadunsouazanuu i 1§ lumsnaunums
1101 11 Ilmanaunueiiunisnoamaluomsar lu

9
) o o a a Jd
3. aunsnmannmanaasslumsadngasomsdwsvidealar luluFonaiydae i



15

U U

d = A
a9 Qﬂﬂim HagITIVE VIS IV

U

2.1 Jag
2.1.1 dmildlumsnaaes
) oy o A [ 4 [ Y o % o
mﬂm"luumuﬂmaﬂ 0.5-1.0 ﬂiiJ%1ﬂ“V\hilJL@ﬂ“lfu AHIATIVA191UIU 3,000 mmmgmaium"lw
4 a o [ Y { @ c?/‘
WINANaVYUINAINGY 1,000 9AT 9TUIU 3 D392 1,000 717 1ﬁﬂ1ﬁ1iﬂﬂﬁﬂiﬁ1ﬁﬁﬁ 1 U 2 3341381 09.00
™ =\ oy Y [ 1w A 9 Ay Y KX o A
1ag 16.00 U. %uﬂizmﬂamumuﬂmﬂizmm 3-5 NTUNBOND !JJ@ﬂﬁ11@ﬂlu1ﬂ@nu“ﬂﬁﬂﬂﬂ1illﬁ'} WAAlaan
A Y @ =~ < 9 A A 4 o g’ @ A 9 g9 A )
ﬂmﬂmlmﬂalﬂmﬂmﬂuuazuqmmwumuﬁqm@‘wﬂammmﬂu% Iﬂﬁl‘]f\‘]uTﬁuﬂﬂﬁ%ﬁu@luﬂﬂﬁllﬂﬁﬂﬂﬁﬁ
a o 1 1 9 dy J o oy Y]
IWfhmadion 2 A (Sartorius 31 B 3100 8) 9aldo1mstlar 1 deneudaimiin
2.1.2 msnd
2’ % ) @ ' M 2’ @ 3 o ]
1) umumu‘wgﬁmsuﬁauﬂaﬂuizwmﬂ”lsmmmmuazmumafm
= o U ' dy 3’
2) ﬂaasumﬁ1mumu%1uu1
A o v A 4 s = [ a Y
3) ﬁ”limiJﬁ1WﬁJ'JLﬂ51$ﬁﬂ\1ﬂﬂ§$ﬂ'f)iJV]NLf"Ill‘lu'J@Qﬂﬂ@”lﬁ”li REVPRICRN Lmzmﬂamaam

A o [T 4 [ 4 A
4) swidmsvInzileaneiauazetlsznauaenilan
o [ dy 9 J Y . 4 a
5) sdwmsuine lsadiesdulusznitemsnaaes 1aun oxytetracycline ttazwosuay
d
2.2 ginsal
d v v
2.2.1 ginsamlFluszninamsidealamaasaivsiusindeya
Y] 4 a o % 1 A
1) delwwesnadvuianaug 1,000 aas dwsveyuatlainewsunaaes
Y
2) ANTZINVUIA 45 x 91 x 45 WUAWAT VAN 184 BAT
g Y | ¥ o
3) gunsaildemalaun insesldoms meeela tagimie
4 { J g‘ ' 9 [ { J 2’ 4 g‘
4) gunseinldsutinirldun aeensdmsunlaouniei nsesguih
4 4 1 a Y a [ a
5) ginsalinasudierlarldun ads Tunaradn denanaan
< 3 J ]
6) gunsaitnuyaarldun meens gednumuagesa 50 luasou
J o @ T3 S|
7) ginsaidmSumizdeatarldun Wuvuia 256 vaea'lulasini wazvasaiagivuia 1
Naaang
d o o U 4 o a o " A . 1
8) gunsaidmsudalar laun inFeewa i mation 2 dumicede Sartorius 31 B 3100 S
¢ A
2.2.2 UnsannIane1Inaaes
A a Ay . ' Y = @
1) INTBIHANDINIT 81O Hobart mixer 31 A200 T 1sznoudisganaueriisuuniluiauazya

v
DALNABINT



16

S w @ J 4 M a o " A . v
2) gnsaldanaciagernis laun insesd Idhmation 2 dumiiseie Sartorius Ju 1 B 3100 S

a

4 o a o { . ' J a Aaa 1
in3oe i maiion 4 dwniis@do Sartorius U Research TninesyuIa 100 wag 500 Jadans n1ald

]
a =

a g < t:y a
91113 1Az unaaan laussyingauLazoIMIINAas N ITUNTZVIUNMTHAR
' 3 o v I a '
3) QuUABENUANEMTUINDDIMITNARDY (QUHQD -20 BerwarFed) TusznInINaAaes
da d d = Y
2.2.3 gilnsainszdiesniszneumaniivesermsnaaeaazitla
Ja L4 { 1 o {
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a a Hq ¥
ATNN 2. 518@3&@8@]"“@@@1%15%@61'EN‘VIGL‘B

gATDINT S”Iflaglﬁﬂﬂ
q@i‘ﬁ' 1 mmiqmﬁuﬁm
EIGIiﬁ mmiqmv’fugm + monosodium phosphate (MSP) 1.1%
q@i‘ﬁ' 3 mmiqmﬁuﬁm + MSP 0.55%
qmﬁ 4 mmiqmﬁg’ugm + MSP 0.55% + phytase 750 FTU
EIGIiﬁ 5 mmiqmv’fugm + 1831 MSP 0.55% + phytase 750 FTU + citric acid 0.22%
EIGIiﬁ 6 mmiqmv’fugm + dicalcium phosphate (DCP) 1.1%
q@i‘ﬁ' mmiqmﬁuﬁm + DCP 0.55%
qmﬁ mmiqmﬁg’ugm + DCP 0.55% + phytase 750 FTU
EIGIiﬁ 9 mmiqmv’fugm + DCP 0.55% + phytase 750 FTU + citric acid 0.22%
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uazWoarosd muITIATIINUEI AOAC (1990) (A1519% 3.) INTUATGATOINT TR IUIND NS
Y 9 a o o a Y a o '
NAFDINNYAT “lwmmmaﬂﬂmu ul,GU?J‘L! uaz‘wmqmﬂﬂamamu gaulsznevvesemisnaaoaaad

13 uansan 4.
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3. 1113919 1
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Y v
Hadwas dalaos Iddvualndifesdu MinueueIMsiiguugil 60-80 oA uwaITed WU 12
SRR
< A Yy 9 a Y, vy A N
5. inueMsnaaesirunszuIumseuniad luganaraan inu A ludiunguugi 4 oemn-
~ o o A~ o < ' o o P
waded dsugasonisnou lsl lesdudiulsznon sinmsvueuladlvma (RONOZYME
.. a A o (% 1 a [ A I Y a
P-5000, DSM Nutritional Products) 13131 mua (0.15 nSus01113 1 1 lansy Wil &5
Pl a o @ S 4 4 o o
U Iyl 750 FTU /01113 1 nlansy) weaaseu lasd lwa lninaundsiaeinlesew anlsdlinieinis
& o & Y v S 9 yd A - ~
nninihnisan ez UNgEungungl 4 sarisaFed
o d' = Y a 4 U Y U dy = & 9 di
6. hemsimionual linsizvguaimia Iasuims laun anwdu Tdsau ludud wele
[ a 1 1 a o 4 4
Woavlesa muITuea AOAC (1990) (1135199 5.) drudSuans lulaase (ulasnunlseagunsnd,
nitrogen free extract, NFE) ﬁm’;m“lﬁ'mﬂq 28]

NEE = 100 - (%ANUFU + % 158U + % luiu + %id1 + %ol )
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{ J % a
A15197 3. ﬂx‘lﬂﬂigﬂi’]‘]_ITlNLﬂﬁGU@Q’J@]Qﬂ']J’E)"m”l'i‘i/lﬂa’f)ﬂ (%oas fed basis)1

TAnAuDNIT anwdy Tilsdu lugiu 1 gele  wedwosa NFE
atlu 10.06+0.05  62.80+£0.08  6.57+0.07  20.27+0.50 - 2.0940.12  0.32+0.65
mndmaes 12.6840.89  44.04+0.02  1.2440.03  7.12£045 7.00£0.28 0.62+£0.12  27.68+0.35
$191 9.50£0.22  12.4840.13 16.64+0.32 10.96£0.15 7.3240.19 1.80+0.04  42.75+0.11

Hudnlevastly  13.244036  2.24+40.02  0.62+0.01 9.15+£0.60  2.92+0.01 0.10£0.01 71.60+0.17
MSP - - - - - 23.67+0.84 -

DCP - - - - - 15.49+0.06 -

Y

' $ ' { a S o ' o
lmmﬁﬂ i Z‘T’Ju!,ﬁENU.IH?JW]?;@'WH?]"IT‘IT‘HTJL?]fﬂﬁ‘l’i@]’)’ﬂfﬂ\i 3 9

A3 19N 4. IUTLNOVVBIBINITNAADY (NSUAB 100 NTUBIHNT)

- oo YANINAND
“Buﬂ‘ll’f)ﬁi]@]tlﬂﬂ
Tl T2 T3 T4 TS T6 T7 T8 T9
Jagaunan’ 80 80 80 80 80 80 80 80 80
vulan 2 2 2 2 2 2 2 2 2
Tnau naolsa (60%) 06 06 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Fnnunay’ 1 1 1 1 1 1 1 1 1
ussIgWay (Usieen
. 3 3 3 3 3 3 3 3 3
Woawosd)
MSP 0 1.1 055 0.55 0.55 0 0 0 0
DCP 0 0 0 0 0 1.1 055 055 0.55
o sl Tlaa 0 0 0 0.015  0.015 0 0 0.015  0.015
NIAFATN 0 0 0 0 0.22 0 0 0 0.22
Judtleraau 134 123 12.85 12835 12615 123 12.85 12.835 12615
593 100 100 100 100 100 100 100 100 100

Fagaunan (nS1/100 nTu0IM5): Yanlu 17; AN ANED 55: $1917 8

A luneay (N51/01an3u01%15): Thiamine (B1) 1; Riboflavin (B2) 2; Pyridoxine (B6) 1; Cobalamin (B12) 0.005; Retinal (A)

400,000 IU; Cholecalciferol (D3) 200,000 IU; Menadione sodium bisulfite (K3 ) 8; Folic acid 0.5; Calcium pantothenate 4; Inositol

40; Niacin 15; Tocopherol (E) 15; Ascorbic acid (C) 50; Biotin 0.1

3!,Li"lﬂﬁi]wfc'fll (ﬂ%ﬂ/ﬁ]ﬁﬂ%ﬂmﬁﬁ): Na 3.278; Mg 25.25; K 76.612; Ca 49.096; Fe 4.821; Zn 0.667; Mn 0.433; Cu 0.069; Co
0.002;10.015



A I a N
AT NN 5. @Qﬂﬂigﬂ’t]‘U‘V]NLﬂiJGlJ’E]\‘l’Eﬂﬁﬁﬂﬂa@Q (% as fed basis)

FANTNAADY PRCEIGRL) awdu Tsau g 1 gols  vleawlosa NFE
Tl control 6.07£0.16 3554084  6.49+0.55 11.99:030 545035  0.86:0.01  35.23+0.37
T2 MSP1.1% 8.10£0.39  34.88+0.17 638+0.49 1231:029 5413027  1.04x0.03  34.72:0.23
T3 MSP0.55% 6.1240.04  35.74£0.46  6.65+0.12  11.14£0.09 5.44+0.18  0.93+0.10  35.73+0.07
T4 MSP0.55%+Phyt 0.3440.95 34.84£0.59 6434048  1137£0.63 5424028  0.94+0.01  34.81£0.76
TS MSP0.55%+Phyt+CA0.22%  830+1.12  35.14:0.68  6.47+0.45 11.500.27 543002 094007  34.52+0.06
T6 DCP1.1% 5.68£027 3638013  6.3940.08 12512062 5.40+0.15  0.97£0.76  34.12£0.06
7 DCP0.55% 4814002  35.62£0.08 636£022  12.45:0.14 5414087  0.89:0.04  35.03+0.57
T8 DCP0.55%+Phyt 726£0.06 35512053 6314029  10.80£021 543037  0.88+0.13  34.23+0.14
T9 DCP0.55%+Phyt+CA0.22% 7512037  35.93:0.40 6.26:0.27 11.98:0.33 540003  0.90:0.07  34.32+0.56

1 A 1 ~ a Jd o T o"
'‘Aunde TIULVSIUVUUIATITUIINNTUATIZUAIDYN 3 K1

Phyt = tou lassd nlimar 750 FTU /011113 1 7lansy  CA = n3adasn

19



20

Aada v

=
2.4 521081759
] S 3’ :;’ ] 1
11MINAaeAY 9 YANINAADI Az 3 F1 NINUA 27 HUIINAGDY IUHUNTNAADILLV Y
. . ' Y 9 o 9 o Y
A009 (Completely Randomized Design : CRD) 1lassarludnaaes daz 20 @3 Tdar Tusianua 540 @7
' Y
Taoldansudumimindszana 490 nfusedd Mimsguniitonaasslaeifiunain szoznallums
dy o 4 Y @ :;’ 1 9 ] < 9 a A
@ea 8 dland Temsduag 2 asaluriuge 09.00 u. tazEINEUNAT 16.00 U, Taglilanuauon
o 2 3’ @ Aq ¥ o 4 J 9 1 < o Y
unmiminemsnlinndilaviaaeansnaaes neulnersruiuszganzneusintnnuazeiagilal

Y Y Y 1 Y
Tagatmantiuduamirlmildmudunna e eaiuquarninihldmuzauaasansnaaea
< Y
2.5 MIENUIIVIINUdYA
2.5.1 MINTIVAVUNYANTINUAZANHUTNBUON
9
Tu5211919MINAAIFUNANYANITUVDIUAINNYANITNAADL 13U N3 NTERNT
91113 uazduUNAdNBUZNIBUON 15U Fyoedlal MIanidon N15AAIBUEIATUIAZNTZAN NI1TINA
a =) a o @ A 9y A Y
VIAUHAYTNUATD AW tazedorzmeusndus M emazasnimeilosiulsamuanimvesia
2.5.2 M3nsIvaeUMsIyRUlatazonsIMsseavasla
o o 3’ o @ 4 4 o o 3’ o !
aapaszoznaIMInaassimMsvaiminlamng 2 et iweriundnanimindain
v E4 v Y Y i1 v 1 v
mnduTagmsFaiminsimveslawaazdrdreniosrinaion 2 dwnis @alderminisiunouts
Y

o 9 v o ! a3 Qy ) { o [ .
UINUN) uumuauﬂa1ﬁmﬁamamumii}ﬁumi‘nﬂam mﬂgfmg,aﬁhl?fmmuamaﬁﬁmﬁaﬂ (survival

rate) HAZM I YA TAAINITYDI Hardy 1182 Barrows (2002) 1INTUNS

Y 4
=<

W MWDUY (% weight gain)

g‘ o A Qy [ g’ o A A 9 o
umuﬂﬂmmaﬁu?gﬂmiﬂﬂam (n3W) - imtindanieudunmsnaass (m3y) %100

g’ o A A g9 @
imtindaniesuau (h3)

931N 3T AL TndUWE (specific growth rate, SGR %/ 1)

9 ] Y Y ] 3
= (In vhmindauiledugamsnaass — In Wmindaulosudunsnaass)  x 100

szgzal (W)

@ a S dy . o
ammmﬂaaumwmﬂuma (feed conversion rate) ATUIUIINTUNT
[ { I g

dasimanlasuervsidluiio (FCR)

S o A a o o
= Wnino1MIsNUarnunavua (n5u)

S 42 2 .y
rdndarninuvuaasanisnaasd (nNSu)
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BN51INTAUDINT (rate of feed intake) AMUIMIINANAT

F x 100

Y
9MIINTAUDINIT (% / WINUNAD /W) =
W,+W, x N +N, xt

2 2

d w Y A a o ° A 9 o
F = dmdneisunsndainu (niw) N, = 3nnulansuau (§2)

g‘ o A A 9 o o 9 @
w, = dminlaunausudu (nfy) N, = 3nnulargams (§7)

Y H 1
w, = ihmindaundegaiie (nfu) t = szeznamlarldsueninaaes (Tu)
g . o d‘ Qy %
BA150AANY (survival rate, %) = NuulanieduganInaaet (1)  x 100

o A A 9 @
uIUlauvesuAY (®7)

QU v v

2.5.3 MImIamarHAUne?

1] E4 v Y
Wedugansnaasy guilaininyngan1inaaess az 6 a1 1hlawaazdaliyaimin

) v Y v
wazimsidaiioindu llsaihminuazihan ldundmunamadsiduaodnaums

Y
(% 4 '

FUAVADA (%) = Wvindudal (nSN) % 100

2

Wninadal (psw)
d
2.5.4 msAnyvInlszneumanivean
1 [ 1 1 A o Y] o a 4 dy o w [
gudtedarneusunmnaaesiiuiu 9 42 1 I amszdanuiu vazihdiedielar i
a 4 4 [} 1 a Y [ a
Ansrzresnlsznoumaaivesditar 1aun UsuaTdsau Tuifu 181 vazearesa auisnisvod
4 z:y < [ ] 1 o [ 1 o 1 o
AOAC (1990) iiip@ugamsnaaszinudtegniarlunaazd $1uu 8 daded i lludionszgnimau

a =

H ] 4
5 @ (swaziBealuinde 2.5.5) dautaidn 3 @1 i ldeufigungil 105 sermuraFed 1o IANUFUVDS

Rl

= 1

G1lan Fdaunszia1dmnnuauaed 1d1euadnlaWazdon Ao llSinngiesdlsznoum
0l TasludalarazinszilSunaTusau Tuii idr uazearesa a1u3Tn13v99 AOAC (1990) tay
a1 Tisauvestaineunazndinisnaaesd 1dlUmuradsz@nsnnns 19 lsAunaz nns 14
sz Tominn TdsAugns am3Tn1sves Hardy uag Barrows (2002) daumleaesaii 181ludadanil
ﬁmamﬂszf‘?w%m‘wmiﬁzamﬂaaﬂa%”auaxwaawa%ﬁﬁgﬂﬁu*ﬁ”ﬂ

YseanFamms1¥115Au (protein efficiency ratio, PER) fAUIMNANMNT

Aa a E2 = [ ] Y o
szansanms e llsau _ Wmindafidmiudu (05N)  x 100

Y ]
ndn Tlsauntainu (p5w)
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9 4 = a . .y . 2
M3 1515 Towian TUsAugNF (apparent net protein utilization, ANPU) A1UIMDINTUNS
m3l9lse Tenian Ts@uans (%)

a A 2 N
= (%Iﬂiﬁumﬂﬁuijﬂﬂﬁ‘ﬂﬂﬁ@i -% IﬂiﬂuthﬂliMQUﬂW'iﬂﬂﬁ@\i) x 100

Fd ]
nin Tdsauntanuaasanisnaass (nSu)

smnaloaslofaildnlss Toanild

Uszansommsacsaunoawosd (phosphorus  retention  efficiency)  A1UIUAINANUNT
(Storebakken et al., 1998)
Useansmmnmsazaunoanese (%)

= 100 x FICP - INCP

Phosphorus intake

Taeh FICP = USunaveaeassanauraslusinrdinminaasd (Asy)
INCP = Suaveseanesanaunas luannounsnaas (nsu)

v 4
Phosphorus intake = U3unavearlearesan ¥ ldsianua (A1)

E4
v A

WoanosaNgnUUN (Phosphorus load) ATHIMAMANMST (Vielma ef al., 2002)

U

= sunaleaesaniarldsy (nsu) — Usunaeanesanaunasludidar (n5)

v 4
a K

g‘ v A a Y]
Wiy (M lansu)
2.5.5 msfnfSinamleanlesalunszgn
] 2 4
Wedugamsnaassguilaidaz 5 @1 (100 2.5.4) uaenilonaznizgnusim
< o [ ) 9 3’ o A A Y di’ A ll dy A
nz Tnanoen mummznszgndunas ih lUduluhnaunisnannlesewne 1iiienlosds imzionien
k4 H v
Anagusnunszgndundsesnlivua mimiuii lleunguvgil 60 esruwaiFod wiu 48 2 1ue 1
A
Y 1 o a Jd 1a o a,
modrniuliimszdlsuaduazleaneanuitnsues AOAC (1990)
[ [ d (Y]
2.5.6 msfnfSinameaeTanazdamlauvleanunaludsu
d‘ Qy 1 Y Y = a
Weduganinaassquilaigar 2 a7 wizideadnuInalaunalsznm 3
A aa o o [ o 3 ] (] 1 a o c?/‘ Qy
Haaans Wudeaainiar 2 Mlusaazdunsuiwiu 1 @13 ldnaoa lulasing awneld 30 i 14
Aa v v A A 09)1 o A ~ [ a3 =}
anaznoutazinamsduanduauden (clot v lvyumiesd 5,000 seuaowii Wunal 15 wid
<3 09/’ a dg’ ) 1 A v A ¥ 1 a EEY [ )
unsuendunady uaziidivvesveunad (F5n) fld ldvasa luTasiadoulvy uaziiila
a I a @ a a 1 a @ J
Izl uareanesad1e3% molybdate UV a1u35v09 AOAC (1990) daudSuasan lavivearh-

waludSuaanTziNHuIsATAaNA MAIYINGITINGT ABSUNNIFNTAT UHIINNFoFIVAIUATUNS
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2.5.7 msfindszansmnmseos

Aa A [ o a 4 4 I~ 1 Y
msanulszaninmmsgesilalaomsldlnsingeonloa (Cr,0,) 1Wuaises

. . a S 3 4 a @ g’ . . {
(indicator) tAnad 1401115 0.5 1WoTiEua tazs1usMYyallarlagdsn1an 1 (siphoning) Tasareaisena

a quUy a A o < < < o Hq ¥ v o
waraanldinaidmesessuyatar lumsiduyataazsinuaewdundainnilvemisud 1 52 1u uay
AANZNOUBINITEBNIINGIUKNA Tagsrusanyatarld ladsuim 2530 Sy e liisanenunts
a s 5 Y ' g o g o Y ¥ a A N = o ¥
Anszvuaziny Bluseswsuds ndsmniuih e lduiaiiniguvgil 60 ssrnsaiFoa 1hlualn
1 o a d o w 1 a 4 4 1 a % 4

azideanawiin 13wy thdled1e Uz esddsenounanil 1aun YsuaTysau ludu wele

9 [ = ag a < a a 4 o
181 WeaeSe uazuaaFeua1uitnsves AOAC (1990) Anszrlsuralasingoon lud luermisuay

TuyanuIBYe9 Furukawa 1 Tsukahara (1966) Muimnilsz@ninimmsdes lagauns

Y
szansammlumsees (% uugmmmﬁmﬁmzﬁ’q) (dry matter digestibility or total digestibility)

¢ %
= 100-100 [% NWiﬂLﬂfJﬂufﬂ‘Hﬁ]

[% w153 Tuya |
Uszansnmlumsdosnoalosa (apparent digestibility coefficient of phosphorus)

= 100-100 [%wn35nmesluenisxsiearlesaluyal

[%u5mnoes luyaxloanosaluernis]

2.5.8 AUNUAIDIHIS HazAUNumWanLa
AMurdunUA111Is tazdunuAINanla1n L3It MY Chimsung HazAMY
(2005) Mnaumsaunuawaalal (wm/mlansulainaa 1)

v Y
= Aunumes (Wi lansy) x Ysmaemsidainunmus Rlansw)

U v
hminswdanraald Rlanswy)

'‘AunuaemsmuiaInIningauudazsiaaen lansue1M1s
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AHaN1INAal

3.1 ngANTINUAZANHAUTMEUBN
MnMsdunangAnssutazanyuznMeusnalsalamu Uargeusuemisnaneanngas Lay

v v Y
@Iﬁ@ﬂﬁ%ﬁl%ﬂﬁTﬁﬂﬂﬁ@\iulllW‘U’E'ﬂﬂﬁWﬂﬂﬂﬂﬂWﬂuﬂﬂ“ﬁmﬂmﬂléﬂH@ﬂﬂjiﬂ

a a\
3.2 Ms3gyAnla
A 9 = oy @ A A Y % 1w A 1A 1 :‘ o 1
dar Tuildmaaesdiihminmaesudu 4.90 niuaeda Sununianuuanasvesimiinluuday
o o 1 { o a 4 1
gansnaaodludiland 4 Taeliuua Idundar lugamsnaaesilasuetiunsdvomainuvasves
= a a A J VAN Yo a =S J J A =~ =
MsP fimansyaulafnanidar lunguilasvetduniovemasinunasues DCP onlFouiionlu
o A A 1w A Qy o A ' AW Yo A
sEAUvRIMIAsNAIINY e dugansnaassluddaiin 8 wud darn lasuemsgash 2 (MSP 1.1%)
= g’ o = [ % ~ A a a S J £ = 3 1
nihminmagaediganga (»<0.05) tieaalsmnaetiunidoaaainamtiann 1.1% 1Hu 0.55% Wi
{ < 1 a 7 a a '
darlugamsnanosi 1y MsP fluuvasvesetiunideamlaiimsniyaulaanas dauluganiinaans
~ Yo a a [N Y] dyo/ 1 A o 4 [ Y]
11850 e mawsyay Ia luaedu uennndidawumsasueu lad e auaziou el e as iy
A A 1 a a a a 4 o ] { @
nsagasndwnalimsniyanla tazdszaninmmsldermsasu dezmuldnndain lasuemsgas
A .. . = 3’ o A 1w Y o A Yo
915 (MSP 0.55% + phytase 750 FTU+ citric acid0.22%) i miinmaeaedilndifesnudain 1dsuems
~ 1 = @ AN Yo A .
gasn 2 (MSP 1.1%) wwdednulain lasue1msgasi 9 (DCP 0.55% + phytase 750 FTU+ citric
. =] Y 1 g‘ @ ~ 1 o U ~ Yo ~ ~

acid0.22%) HuwrTduinhminmdsdedrszgeninlain 1asue1isgasi 6 (DCP 1.1%) (M1519% 6)

Y I ] JY a A J y & £ A a o [ @ Aa A
paasldmuiimusoaamsldetiunidasldnsantiadoiuou lsl lviaasmdiunsagainlueinis
o o 2’ 7 A 1 Y 2 = o 2’ v A A dg‘ @
dwmsvdar lu hwinmdsaedraeandod 1 Tuuuimudernuihmin iy (WG) uazdasinig
I Tad Uz (SGR) (131991 7)
3.3 9A9159AMY

[ d‘ Yo 3 d‘ t:y [ e’d‘ ]

on3150a010v91a1N 1a5U0111TNAABN 9 gasilodugamsnaassdiaii 8 lunuaiw

1 @ aa A o 1 S I 4 ~
HANANAUNADA (p>0.05) TaganlunnganisnaasaldniseanienInnd 95 wedua (13199 7)
=) ) Y U )
34 ‘]J53ﬁﬂﬁﬂ1Wﬂ151‘5911’315!!@13ﬂﬂi1ﬂ1§ﬂuﬂ11"i1§
Tudgruvesmszaninmnsldening ldun sasimsasuemnduile (FCR) Uszansaw
m31¥Tdsdu PER) wagmsldszTemininlusaugns (aNpU) nudlar Tulunguinldsueidunss-
oaaanuyiasues MSP Handszansnimnisldemnsnedasimsasuemiinduile Uszansan

m31¥Tdsau saudemslilsy Teninn Tsauguinandnlar lunguildsue iunsdeamasinuvas

= A A ~ Yo a =4 1
VD3 DCP 334031 AAIUAN (»p<0.05) mf)wmimwﬂm“lu“lmg@mimamw"lmn@uumaﬂaﬁtﬂ@mmmm
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VA a a A & £ o A S di’ A dgl
Y94 MSP Wyl uieanlsuiavesetiunidledaasaianilasasinmsnasueiisiduiiosziiniy
{ a a 4 a 1
Tuyszidszaniammslgllsau uazmsldlse TominnTusAugniasasiiuul Tduanas daularlu
1 { o a -4 ' 4 a a 4 : : v
Tungui lasvetiunsdeamasinuvasves DCP iipanliuinvesetunidommnasnTanianyi
1 z 1w { S { a A
Td¥malunisuanuiniu Memdasinslasuermniwiie dszaniamns14ldsdu nagns g
4 a yw 1 4 o a o o 1 @ a
sz Teminn TsAugns wenvnidamuiniermsaSueu sl e auazioulol e aswiunsas-
a [ Y a a a A 9 dd? 09/’ A Yo a =4
asndanalinmsnsya Tauazdszansnmms ldensavunsluganisnaassi Idsvetunidvlema
1 = 9 a a ad c?/l 1 £ =
INUHMEIYI MSP  tiag DCP daudiazanlIuimeiunideaaainia 2 unasainiawnianaiy
(CRERNTIEY

[ a

9 [ oA Yo a =4
%1ﬂGU’EJZJa’EJGIiWﬂﬁﬂu@Wﬁﬁﬁlu‘l’]‘ﬂ“lgﬂﬂﬁ‘l’]ﬂa@QW‘U’ﬂ ﬂiﬂul,uﬂQuﬂqﬂiﬂﬂuuﬂiﬂWﬂﬁLWWﬂWﬂ

U

1 = a 1 ~ Yo a =4 1
uragveod DCP mmim15ﬂuemﬁqqmmaﬂuwﬂmﬂmmzﬂam"lmu@uumaﬂ@ﬁtﬂmmmmawm

MSP (p<0.05) (15197 8)



{ 09’ o { 1w { Y 09/’ [~ o L4
3190 6. Mhminmasaedvesdan lui1dsvemnaasans 9 gasidunar 8 dlani’

. Flaii
YANTINAAD T18aLvyA R
LIUAU 2 4 6 8
T1 control 4.90+0.01a  6.03+0.07a  7.68+0.22abc 9.06+0.11a 10.18+0.16ab
T2 MSP1.1% 4.9240.01a  6.26+0.10a 8.23+0.23d 10.58+0.25d 12.35+0.16d
T3 MSP0.55% 4.90+0.01a  6.13+40.31a  7.90+0.34abcd  9.724+0.43bc 10.90+0.39bc
T4 MSP0.55%+Phyt 49140.01a  6.16+0.13a  8.01+0.14bcd 9.8740.17¢ 11.14+0.12¢
TS MSP0.55%+Phyt+CA0.22%  4.91+0.00a  6.22+0.12a 8.09+0.21cd 10.05+0.23cd 12.02+0.33d
T6 DCP1.1% 4.8940.01a  5.95+0.25a 7.43+£0.31a 9.01+0.45a 10.09+0.58a
T7 DCP0.55% 4.90+0.02a  6.12£0.31a  7.58+0.47abc 9.08+0.54a 10.17+0.80ab
T8 DCPO0.55%+Phyt 4.9140.01a  5.9840.10a 7.53+£0.30ab 9.03+0.36a 10.18+0.24ab
T9 DCP0.55%+Phyt+CA0.22%  4.91+0.00a  6.15+0.10a  7.77+0.14abcd  9.22+0.27ab 10.42+0.09ab

1 A 1 ~ a o T 3‘
'‘Aunde TIULVSIUVUUIATITUIINNITUATIZUAIDYN 3 K1

' = AN v w A v o w 1 1 aaa o A o J 3 J
ArndeluaauaNl@InysIloun UMY 'llmmwmmﬂmwnﬁmmzﬂummwauu 95 losiaua (p>0.05)

Phyt = tou lassd nlimar 750 FTU /014113 1 Alansy  CA = nsadn3n
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A a a @ AY Yo as/‘ [~ (%% J 1
ATWN 7. ﬂ1§!ﬁﬂ'iigm‘ﬂIﬂllﬁgﬂﬂﬁTi@ﬂ@nﬁlell@\?ﬂa1l1uﬂulﬂiﬂﬂ1ﬁ1'i°ﬂﬂﬁ@\1ﬂ\1 9 qmrﬂuwm 8 dianv

. i oI Tadumy 9M3139AN1Y

YANINARD EARGHGIL)

| (oidud) (alosidud/ ) (1osiHud)
T1 control 107.92+3.70ab 1.31+0.03ab 100£0.00a
T2 MSP1.1% 151.19+3.23d 1.64+0.02d 100+0.00a
T3 MSP0.55% 122.26+7.63bc 1.4320.06bc 100+0.00a
T4 MSP0.55%+Phyt 126.82+2.07¢ 1.4620.02¢ 97.78+3.85a
TS MSP0.55%+Phyt+CA0.22% 144.68+6.77d 1.60+0.05d 98.89+1.92a
T6 DCP1.1% 106.21+11.69a 1.29+0.10a 100+0.00a
T7 DCP0.55% 107.70+16.85ab 1.30+0.15ab 100+0.00a
T8 DCPO0.55%+Phyt 107.22+4.35ab 1.30+0.04ab 97.78+1.92a
T9 DCP0.55%+Phyt+CA0.22% 112.35+1.65ab 1.3420.01ab 98.891.92a

Y

' { ' $ a d o ' °
lmm?\ﬂ i ﬁ]ulﬁﬂ\‘lL“]Juiﬂﬁi;ﬁ"luiﬂﬂﬂ"li]LﬂiW%Wﬂ’JT‘JEJN 3 %1

@

' a N v A v o w A ' aad A o -
ﬂ1mﬁﬂel°l«!ﬁ'ﬂllﬂ°ﬂNGI’J?Jﬂ‘HﬁL“mJ?J“L!ﬂuﬂ']ﬂU lliJllﬂ'ﬂll!.l@]ﬂ@lNVlNﬁﬂﬂVlﬁZﬂUﬂ'ﬂiJWﬂiJu 95 Lﬂﬂﬁl%u@] (p>0.05)

Phyt = tou lassd nlimar 750 FTU /014113 1 7lansy  CA = n3adnsn



A a A 9 @ a AY Yo 09/’ [~ %% J 1
A1319N 8. 1J53ﬁ“l/l‘ﬁﬂTWﬂ131“ﬁﬂ1ﬁ1ﬁlla$9@31ﬂ15ﬂu@1ﬁ1ﬁmﬂ\‘lﬂﬁWVluﬂhlﬂﬁ‘Ufﬂﬁ1Tﬂﬂaf]\‘]‘W\‘l 9 qmtﬂuizﬂznm 8 dianv

. danmanlaoy dasimsnuens  Uszaniammsly  msldlszTeniannTus@ugns

ANTNAAD 318021089 Y 2 e e . .
GRITREIYNT (osirud/a ) Tlsau losidud)

Tl control 2.1620.06¢d 2.7120.02cd 1.300.04ab 21.89+0.52bc
T2 MSP1.1% 1.70+0.00a 2.62+0.03a 1.68+0.00d 25.43+0.08d
T3 MSP0.55% 1.980.10bc 2.70+0.05bc 1.41£0.07bc 24.00+2.39d
T4 MSP0.55%+Phyt 1.95+0.06abc 2.67+0.05abc 1.47+0.04c 23.79+0.72cd
TS MSP0.55%+Phyt+CA0.22% 1.85+0.05ab 2.75+0.03ab 1.54+0.05¢ 25.90+0.64d
T6 DCP1.1% 2.3420.26d 2.88+0.11d 1.18+0.13a 19.24+1.87a
7 DCP0.55% 2.3120.31d 2.85+0.10d 1.23+0.15a 19.56+2.12a
T8 DCP0.55%+Phyt 2.36+0.15d 2.90+0.08d 1.200.07a 20.60:£1.17ab
T9 DCP0.55%+Phyt+CA0.22% 2.27+0.02d 2.89+0.02d 1.23£0.01a 20.1140.21ab

1 A 1 ~ a o T 3‘
'‘Aunde TIULVSIUVUNIATITUIINNITUATIZUAIDYN 3 K1

' = AN v o A v o w = 1 aad o A o I3 (4
Arndeluaauanl@Ionysnilounumnu "lmm’nmw‘mmmNﬁmmzﬂummwwu 95 losiua (p>0.05)

Phyt = tou lansd lvlimar 750 FTU /019113 1 Alansy  CA = nsadns3n
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¢ a9 v a v A 2
3.5 mﬂ1J5$ﬂmm1am34“1149131]ammmmzamauqﬂmsmam

Y Y H Y
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phytase 750 FTU + citric acid 0.22%) Suloevlefalunszqngaiian (»<0.05) dautaritidsuemsgas
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Tl control 25.51£1.22a 53.95+1.17abc 25.97+2.40bc 6.56+0.29a 1.05+£0.03a
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T3 MSP0.55% 25.07+1.28a  56.34x0.33cd  25.09:0.13cd  6.60+0.06a 1.36+0.05b
T4 MSP0.55%+Phyt 24.12+1.55a  55.14+2.13bcd  23.34+2.25ab  6.24+0.40a 1.39+0.40b
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T6 DCP1.1% 26.4242.02a 51.140.65a 33.02+0.37¢  6.34+0.38a 1.26:0.04ab
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T9 DCP0.55%+Phyt+ CA0.22%  2539+0.02a  53.01£0.10abc  29.72+1.99cd  6.53%0.10a 1.36:0.05b
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T1 control 15.65+0.35a 24.00+8.48a 6.20+0.15a 39.17+0.06a 1.83%0.17bcd 0.89+0.30a
T2 MSP1.1% 22.90+3.54a 37.00426.69a 6.58+0.41a 44.22+0.66cd  1.94+0.13cd 0.96+0.19a
T3 MSP0.55% 17.95+2.47a 25.50+16.26a 6.39+0.03a 42.9940.96b  1.72#0.03abc  1.16+0.27ab
T4 MSP0.55%+Phyt 18.55+6.43a 12.50+2.12a 6.48+0.69a 43.89+0.48bcd  1.61£0.09ab  1.75+0.57bc
T5 MSP0.55%+Phyt+CA0.22%  17.60+3.25a 12.00+2.83a 7.2040.25b 44.94+0.37d 1.5240.22a  1.32+0.62abc
T6 DCP1.1% 17.103.11a 28.50+12.02a 6.22+0.06a 42.83+0.35b 2.02+0.06d 1.86+0.67bc
T7 DCP0.55% 19.15+4.31a 13.50+4.95a 6.33+0.04a 42.99+0.27b 1.95£0.27cd  1.400.15abc
T8 DCP0.55%+Phyt 14.35+0.21a 19.50+6.36a 6.34+0.05a 43.37+0.22bc  1.78+0.05abed  1.67+0.44bc
T9 DCP0.55%+Phyt+ CA0.22%  16.75+0.78a 20.00£11.31a 6.38+0.04a 43.71+037bc  1.70+0.04abc  1.93+0.31c
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aoanesanazauludnaigeiige sesawunaolanldsuemisgasi 4 (MSP 0.55%) nazgash 5

(MSP 0.55% + phytase 750 FTU + citric acid 0.22%) HiaoaneSanazanludnlargalndifesiuuag 1l
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dnifeeluornsgasildien sl llinauazion lsl lrhaasmiunsadain uadunuidinsdiniigasi
19 MSP 1.1% uae DCP 1.1% Tasdunumemaien/ssudeusugasi 2 7119 MSP 1.1% vzanaq 430,
355 uag 213 VMABALILGAITA 3 (MSP 0.55%) qATi 4 (MSP 0.55% + phytase 750 FTU) uag gasf 5
(MSP 0.55% + phytase 750 FTU + citric acid 0.22%) Q48181 dauiuﬂtjuﬁﬁlﬁfs’ DCP a3 GUNUYAT
fi 6 719 DCP 1.1% Funuaiomisizanas 255, 180 uag 38 Mnaedulugasii 7 (DCP 0.55%), gasi 8
(DCP 0.55% + phytase 750 FTU) Lag g3l 9 (DCP 0.55% + phytase 750 FTU + citric acid 0.22%) A& 191
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AANITNAAD ERNGHGHL — - s 3 v o4 a 2
TAQUNN Woawoia (osirud) (n.oavesa/nn. dmiinnmuuy)
T1 control 64.00£2.79a 23.774£2.03a 17.13+1.07a 16.32+0.77e
T2 MSP1.1% 60.01+£2.34a 38.98+1.97d 23.42+0.49¢ 16.62+0.07¢
T3 MSPO0.55% 61.45+2.73a 32.43+1.05¢ 21.47+0.47cd 14.33+0.42bc
T4 MSPO0.55%+Phyt 61.294£1.59a 33.79+£1.94c 22.10+0.49d 13.54+0.59b
T5 MSPO0.55%+Phyt+CA0.22% 61.474£5.31a 37.93+5.31d 21.55+0.21d 11.77£1.35a
T6 DCP1.1% 62.39+3.21a 27.85+1.42ab 19.43+0.67b 15.73+0.32de
T7 DCP0.55% 61.95+2.27a 27.55+1.08ab 17.98+0.42a 15.1240.41cd
T8 DCPO0.55%+Phyt 61.44+1.98a 30.33+1.13bc 19.58+0.36b 14.13+0.16bc
T9 DCP0.55%+Phyt+ CA0.22%  62.45+3.3% 32.45+0.98¢ 20.55+0.17¢ 13.45+0.13b
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Tl control 29.69 29,686 64.20+0.40d

T2 MSP1.1% 30.55 30,546 52.07+1.12a

T3 MSP0.55% 30.12 30,116 59.65+0.91c¢

T4 MSP0.55%+Phyt 30.19 30,191 58.97+2.03¢

TS MSPO0.55%+Phyt+CA0.22% 30.33 30,333 55.94+1.00ab

T6 DCP1.1% 30.20 30,196 69.86+0.52d

T7 DCPO0.55% 29.94 29,941 68.19+2.80d

T8 DCP0.55%+Phyt 30.02 30,016 70.49+1.88d

T9 DCP0.55%+Phyt+ CA0.22% 30.16 30,158 68.25+1.65d
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Phyt = tou lansd lvlimar 750 FTU /019113 1 Alans  CA = nsadnsn

34



35

eJﬁ]”li%IiNﬁﬂ"liﬂﬂﬂﬁQ

] =< @ 9y 4 =~ 1 [
ﬂﬂZJ?HﬂJTﬁﬂaluﬂﬁﬁlﬂﬁlua$@WlﬁJ“V‘I’E)ﬁ”V‘IfJiﬁmﬂﬂﬂ*ﬂiuﬂ%ﬂﬁzi&l%uﬂl@ﬁﬂﬁﬁJﬂ’NmmﬂﬂNﬂu

4

=2 l
Yuoy

v v d 1

unaeiledeldun Usuamazunasvesoanesaluonns Tnssadumanil djduiussening
Woalesanuasennsatiaou ensduInruimsitiegluems diszinemazwensanmvesarluua
az3901g (Lall, 2002) Wearesannuluiagavermsdinlngegluglidanirilildls: Tomildies
wu Weanosaludariluazeglugil hydroxyapatite n3o lasunaiFounloaiia (tricalcium phosphate) Tag
S ' < 1 @ a ]

Wluesdlszneveglunszqnuazinanilal (Jobling, 1994) dauludagavainiiezeglugl myo-inositol

=) o & o 1w = = S A IS

hexaphosphate #30 TWianoawosa FeinsauegnumnasvosnaFoy unniiFon TnuadiFou uaz

A5ABL 11 (Dey and Harborne, 1990; Uhlig, 1998) arenuisosileanesaluainutiunle dmiea 1 1u 3

Y
(3 o

Wity muuiumiainammmimmum 91113 qQama‘%uwaﬁWaﬁ"ﬁiu5ﬂaﬁum§5ﬂamﬂmﬁaiﬁ'ﬁ

“lJiiJ1ﬂl1/‘|’f)ﬁ°l’\|E]i?f‘ﬂLWENWE)ﬂ‘Uﬂ’JHJ@IfNﬂﬁﬂI@Qﬁ@I 1 ’E)EJNuliﬂ@“l11!ﬂﬁlﬁ'ﬂJ@uu‘ﬂi&lﬂ@ﬁlﬂﬂﬁ\ﬂu@Tﬁﬁ

2 ' E4 1
v oA

v Y 1
UariinardeTasasne dewaldtilsSaeanesangniunununiniu (Kim er al., 1998) Faiinanoglu

Y

sivesrleavosaindar liawnsoldlsz Tomi 1@ unvailable phosphorus) tazWeaWeFairumidooas

2
a

19152 Tomniudluyalar (phosphorus  in  feces) WoaWoiangniunsazdinansznulagasano

a

Y =~ 1 3’ a o =) 2 7 d'
TNINLLINADY Tmmwa@@ﬂmmwmuazﬂﬁmmmimmﬂum W1ﬂhﬂﬁu1m7‘lﬂﬁ7‘lﬂﬁﬁﬁluﬁ$$’]‘U°Vlf>1\1

[

a I~ 1 Y a 1 J A 3’ l < A AA ' 4
mu"l,ﬂ ﬂ%mwa“lmmmsu‘w5611mamamwmﬂmuuazwwmamamia Wi@%tiﬂﬂ?”lﬂi”lﬂj‘]ﬂﬁmgjﬂi

9
&Y

1 Y 2 1
WiATY (eutrophication) Felimasii lianmiadeuveaaaniniuden Insuad (Cao e al., 2007b) Fa1U

Y]

A 9 A a A A A @ 9 =2 & A Ao 9
ﬂﬁm@ﬂi%gﬂLL‘U‘U“lfImiﬂ%ﬁiJL!a$3J1J§1!1’[1!1/]LWENWfJﬂUﬂ’JHJGIENﬂﬁGUENﬂaWxilﬂuﬁ’\iﬂﬂ’WﬂﬂJGluﬂﬁﬁiN

g

[

gase sz audmivilamdazaiia Tagdriesdemsida?) Sihansatimleanledaly14use Ten]
H ] v v H
lawnnigaieandSuaeanesangniunaldiosfiqa (Akiyama, 1992; Boyd and Musig, 1992; Cho
and Bureau, 2001) juunuvesedunidveamanteuasuluomislaiil 3 guuyldun TuTu-wdn
(monobasic) Tadn (dibasic) uaz lasuan (tribasic) (FJEN, 2542; Eya and Lovell, 1997)
3 dy U d‘ Yo a =4 U A
nnmsnaaedluasstnud darlugamsnaassi lasuetiunsdeamavinurasues MSP #3e
2 d’ ] a = a a oy % d’ oy 7 td' Q’ d? 2 a =)
WoaedaneglugdTuTuudaimsniywula Ghwvinmag diminimivauy uazdasimsnigymy la

o z a A [} { 3 y Aa a
31W12) Tislszaninmmalde1ning asmsasuermisndluile Uszaniowmslellsau uay



36

]
a ~ a

m319sz TowinnTsaugnd) fanddar lunguil 185 uedunsdveaasinudaves DCP - 13e
oeresaiedlug landadonSoufouluszduvesmsasuiiviiu WaRl5281 1.1% 1182 0.55% e
TWduilar luansaldse Teminneiunidvemaiodlugy TuTuwda 18dnd1gu laudn
deandosfunenumsnaasdlutlarluves Hepher 11ag Sandbank (1984) Lag 1193 (2552) A5 1891UATY
funaildnnmsnaasaluniaiiiniar luaunsaldeiiunideaniaiioglugi TuTuwda ldaniag
Jansdn Nordrum tazamg (1997) wuheduniieamlalugTuTulwdeuloaadiuguuniidas
azauoanosaludirar (phosphorus retention) "lﬁ'umﬂdwgﬂgmuﬁm 84 131 nlofifud WeRinrsanain
mansydnla mimeaesall1dsz Tewifuaaswenldiiuanmsazanvesloaesaludn
a1 vedata sUivuuazyiaveseiiuni drlemmaiia izl dameanesafivarannsari 114
sz Toanild (available phosphorus) UANATIAY (Vielma and Lall, 1998; Sugiura et al., 1999) Lﬁ"aﬁmsmwﬁq
USinaveseiiunidvealafinanluennsiidwmademsnsyduTanuiudeantSinueiunidreamia

=\

£ & 73 L A 73 o 1 dq Y S ' A ad
a9A3H U0 1.1 nosigudmae 0.55 lesisud darlunquinlys Msp Wluunasvesetiunsdwommal

]
=1

msnTyauIaanas dautarlunguily pep IimswsapavTalinandreiu ludiuvesiloseoun f
Merdesnudrtanyu dszd@nsnmnisldems Wearesauazidrlunszgnnuluua Tiu T ludianig
= Y] a a Y I U Aa a =4 1 1
Reavumsnsg@ay Tanaasliiudn msasdsmaetiunideamalusmisasizdiwansznunvauaoe
% 1 09)1 dy A a o o 1 @ a A
arar uaninmisnaaesluassiinuinderasuoulad laa naziou lal lvaasununsagainlu
d' a a =4 1 a a a A 9 1 d' = o
pnisnaadiuaeiunidoamanyi mansyaula dszaninmmsldomns tagamuaastanisii
[ o 1A 4 J { 1 o o a A
Woaresa 145 TemiTiaunugaiunndargan lildsueu lad lwnauaz nsagasnluemis uazil
1 @ { @ a <3 1
alndiRsadudarnldsuetiunidvoanla 1.1 Wesidud 11nT1891UU09 Tudkeaw LaZANE (2008) WU
a o a J 3 4 J 3 o
maasueu laal imagunioaadSuransls Dep aglane 1 wesidud 10 1.5 mae 0.5 nlosidgud)
[BR] 1 a a a A 4 o A @
Taglidawalunsaudemsniganla Uszansnimmsldoms uazesnsznoviladedug vesdan

asstuinunduremunmsthearesalldlss Tenigsaziiu ldnnmsduazaunoanealudilan

=

' Y Y v v
muvuazansaaalSunareaneanandunann 6.34 lulai 1d5uemnsn lutinsaSuen lasl 1ol

U

H d 4
A Aa K

3 o 1A o g‘ o ~ Yo ~ A 4 dy ~

ey 3.73 ﬂill@]@ﬂjaﬂillu11/i‘Llﬂ‘VILWNmuiuﬂa”IVI"l,ﬂﬁJi’]ﬁ/ﬂiTlLﬁillL@ull%ll HINIINUAANITNAADIN
Y c?/‘ dycu 4 @ . A J a o

Vlﬂﬁluﬂﬁx‘luﬂﬂﬁ@@ﬂﬁﬂ\?ﬂﬂiWﬂ\ﬂuﬂJ@\‘l Wutiporn agame (2010) 1/131EN1u31ﬂ13lﬁilll@uhlclfllllw!,ﬂﬁaﬂﬁlu

o Y] { Y] < I 1 a 1
g msutar lulaeld MSP nszdu 1.4 esiFudilunrasveseiunsdwoaaluormisnua nms

H E4
~

a o (] Aa @ v A I o 1 A o g‘ v A
rsueu 1 liwasisanlSuaveanesangniuniadain 34.96 1y 27.63 nSuqen lansuimiing

U

A d? A a 1 ~ Yo A a I A [
NUPNNIRE! LLﬁ%LﬂJ’E’JW%WﬁﬂHGlHﬂquﬂlﬂﬂﬂaflu‘ﬂ1@3U@1W15q@liﬂuﬂ13lﬁih DCP 0.55 110315 UATINAY



37

u'lsl lea Imsnigdula liuanddulan1dsvemsgasaiuguuazgasi TuaTuen lad 1
H v v
wa uatuua Iduhmaasueu sl easieanlSinaeaefaiignduns ldu@eadulari 185y

A a AW Y o Y 1w ~ a I A
PIMTFATNUNITIATY MSP waw"l,ﬂmﬂwm”mamﬂymxwNﬁﬁzlmzuuwNmummsmmﬂamJuﬂﬂ

9y @

fhdsidrdginedesdumningsig 11z Teminande darilnszmizems 1aun darga tan

9

nznav Yawwaueu uazausu T m$w Sanuamsalumsdesuasgadurlearesaldaniand
Nifnszmnzennngu Yo luisannmelunszimzemistanmiunsaiei ldleaesauandaog
Tugiloasy (@ooun) "lﬁ’ﬁéﬁyuiﬂmﬂwwwgawaﬁ’aﬁagi“lu;s,ﬂllmuﬁﬂuaz"lmmﬁﬂ VINMITANHIVO
Watanabe tazamz (1988) wu dansulviminiawisodesuazgaduluTunnaidouodla la
unaiFeurloaauaz lasuaaFeueanla'ld 97, 71 uas 64 wWesiSud luvasiivarludesuazqady
woaesaita 3 suuumnldlse Tonild 04, 46 uag 13 wosisudaudguminiu mmqﬁﬂaﬂummsa

15z Tominneiunideanlaioglugd TuTuwwdaldandgl lawda iesnnlearesaioglugil Ty

[
[ L]

Y 1 1
Tuwdnazaoi Iddonazuanda 188 aennearlesaiioglugylamdaiszuanda1éaluanmiiiu

U

Y
%

J A o a AA o Y 1 A Y a o Y
NINODU “lueumz‘naﬂymzizuumamummmmﬂa1"lumm"laauuax“lwmzmwmmsmmaimﬂw

1 a I = (= A o Y A a = o
A1 pH Gluiwmqnmuammﬂuﬂmd Eﬂ\iulllﬂJﬂiﬂVI‘ﬂWﬁHTWﬂﬂﬂiuﬁ%ﬂﬂﬂntﬂu@1ﬁ1i mmu"lw"lﬂma

[

i ldaluanniidunse @ pH 46 Sufudesrtaiidrvaylunmsihloalesa’lu1Fuss Toml
(Hua and Bureau, 2010) Phromkunthong 8¢ Udom (2008) 51891u1USuaealesailarainse
111952 Toami1d (available phosphorus) finalasassnemsnTadylatavilszdniamasldews
voula1 min 185 uenmsiidSuaeaesafiamsoi l1s: Temiddnseduiidosns duwalsd

= a a :; Y (% qu’ d‘ a 2L o Y a
']JﬁﬁJﬂ”liﬁliilJWﬁJT@]@nﬂ’Jfl aaiulaasunsaasluemisvai i pH Gl,uiz'ﬂTJVINLﬂ‘Ll@TViﬁGlJ@Q‘]Jﬂfl‘Ll

v
=< =< =2

1 A a a o L4
aAay (Luckstadt, 2006) “If'JEJL‘WjJ‘IJigﬁ“VI‘ﬁﬂWWﬂ13ﬂ1@1uﬂl@ﬂlﬂuul‘ﬁflltlwl@ﬁclﬁjﬁ\iéllu WAINITDAIDN

U

1 [ F4
Weaesalugd Ivwngailugiivar liawnsodunldilse Temi 1dludagavnniizun s lduniu /i
Ttansnandsmamslfedunideamalusmsasld

a a S J 09/’ 1 @ o a A 1
mstasueiiunsdnoaans MSP uaz DCP saunueu lul lvme uaznsadasnluemisdna
Taeavesaludmiawas lunszqniimgeninarlunqui birdsuedeiieddy aeandesiumsdn
Y94 Eya 118% Lovell (1997) 351001491 mssasudeadosaluglTuTulmdeudoamaluemsilaina
Aa o 1 Y =\ [ Q' d? 1 = (% . 1 a
awnugglilatinearesaasaulunszgninudusufeIny Robinson Hagaay (1987) WUINISEATY
v 9
WoanesalugdTnTulmdeuromaludartiaddir ldscauroanesalunszgniiniiuainszau
Y Y v
Weavesa 0.2 vuds 0.5 esiduansiiilosnindeanefaimihiidwylumsidiulaseadrevesnszgn

anuuTurselSaveweaneialunszgnizduius lnsaseiuszaunearesaluemsnlainu



38

Y
L“]Q.I}”Illﬂ (Ogino and Takeda, 1978; Sakamoto and Yone, 1978; Chavez-Sanchez et al., 2000) ﬁqﬁuﬁmaﬂ%’m
1% I 1% ] J 4 [
Woawesalunszgmiludwiiiedtaniu'ls (sensitive criterium) voen13 19152 Teaninnwoanosaluilal
Y Y
11199 (Jahan et al., 2001) waziameia (Borlongan and Satoh, 2001) MINAAIHADANZINUNITNAADA
$ 1 o I @ yw [
¥99 Phromkunthong 118z Udom (2008) ¥4 laldamlealesalunszgmiludiziaseaudsnnudenis
[ a { A 4 @ 1 Y] 1
Weavlesaludatanaauaameionasandassnlszneumanii ludidamui Tdsauludllarlian
{ { @ { a 4 Aa A { I
gangaludanlasvormsniimsaSueu el lwauazniagain uazluganisnaassild pcp i
1 a 4 Y] 1 { { ] { a 4
unasveseiunidommaluomis Tsauludadisgeigaludarnldasuemsddnsiasuon Taad
A A ] % =y 4 1 A Aa a 1
Trlwanaznsagasamudediy msaTueu lsi waasluemstomuilscaniammsdosTsanld
d? Y @ A A 1 J 9y o .
g9y geanandnuUIenulularyiaduesy Jausuludmin (Cheng and Hardy, 2003; Vielma ef al.,
2004) a1 Pangasius pangasius (Debnath et al., 2005b)
c?x‘ dy 1 [ =Y a v 4 [P=
nnmsnaasdluasainui wearesaludsuuazisnssueu ludsam lariveavuaa Lidiaw
1 [ 1 VoA a [] a a =4 09/’ o Aa A
uanannuszrIedainguiasuuay lieSueiuniovoaa saunueu lad linauaznsagasn 210
1 Y] [ Y] a E&
A13NAABIVBY Phromkunthong 18 Udom (2008) wuszavveseanesaludsuuazionssuen loisa
4 A -4 [ [ { a 1 1 < U
a'lavirearae azmuiuaiuszauvesleanesanasulueimis uaegralsfaruTuuqTdudn
[ [ 1 [ a a 4 1 1 { [ a
WoaoSaludsuveular lun ldsuemsasuetiunidvoamaligenilunguilie5u Roy uaz Lall
' Yy v A o & = o Y
(2003) tueLue N ANVINIUVBINagu aznarau e aainauinnvaieilade Fesauneiledeaiu

4

91M13Uaza35INeNU91/a 1104 Rodehutscord (1996) WU ANMTNTUvanaramoamalianudusivus
o 1 o ~ Yo as < o [ A dyw
AuANNLANAUBLTEEznaMaINnNla1 1asue s uazanismslumsnudledruaen uenantids
=\ A A 1 = Yy 9 [ A A~ A A
151991U1NMINARINHIUNINNANANINI UV oanesa lwaeaiinan191no M5 935NN
Y} ~ v 9 VA v 1 a S o s
voatla1 uazamnuindenilaie1dedde (Cross ef al, 1990) wReInuAInInIsueU lsidan lal
Woavluaaiwun lilinnuuana 1952 nI19AN1TNAADI A0AAREINUIIBIUYDY Shearer 1Az Hardy
: ' ' a S s s oA o
(1987) %4 linuanuuanaevesnanssuveaeu lasidan lavivearaavest/ansuTusminin 185y
Woavlesanszaua1eg N $901991N31891UUBY Skonberg LaZAML(1997) WUITEAVVBININTTH
d v o A dg’ A @ [ A dg’ A =2
eulsisan ladvearaainiy Weszavveseanesaluomunuiu  luvazimsanyives
Sakamoto 1% Yone (1980) WU11a 150U (red seabream) 7 15 uo1msnteavesan luiisaneiing
o ya v o 1 Ao [ v oA a 1 Y
mldnanssuveweu lmidam laieanuaaganianiveanesaluszauiiosnesonnudosns
= ~ 9 1 Y I 1 1A o o [TA=
MNTeURansaneIn lananuuaaslimiuiimninssuveaeu lsidan lavineavaadaiinu

a []

c?/‘ ti'l 2 1 A 2 :‘ a d‘ a an
uilsilsau Nuiteannnniladeais Ae msdamsguainii Usinaenshdainu guvgll uaz1933a
(Sauer and Haider, 1977; Cross et al., 1990; Johnson et al., 2000)

A A [ 9 1 1 a a S J 09/’
dennsanludiuvesdunuaremanui msasuetunidveanlais MSP uag DCP aslu
1 Y] o Aa A a a 4 [
11155 u sl InauaznsadasnainsnanlSuianisldeiiunsdloaaasldlne laudana

Vo I Y ' v Y A a ) ' ,
ﬂi%Tl']_IGLLl‘V]NaUﬁ@@]’JTJﬂ”I HJL!ﬂ”liﬂﬂ@]unim"lﬂ"lﬁ"ﬁiﬁgﬂﬂ\i]lﬂ HAZINBWITTUIINAUNUATOINITAD



39

a 1 1 { Y] a J 1 1 a { &
wanaataimud dar lunquin 185uetiunidvloanlaninunasyes DCP dunuaonanangiga 49019
I [ o 1 1 1 o
Wumsizdar1dsurearesa luiisaneduanudeans Tasausades DCP 111415 Toani ldiiiea 46

S I 4 a [ 1 [ [l 1 y [ a 4
wesidudvesmaloanesan lasy (Watanabe er o, 1988) dautlarlunguinlasueiiunidvlomla

1 a9 1 A o A a Yo ~ a J 2 4 =
MNUKAUeI MSP idunuaonandaadingalulainlasuemisgasiasu MSP 1.1 wlesisudnaziia
Y] { % { a S 3 CAl @ o Aa A 1 <3
Indiesnudaii lasuemsgasiasy MsP 0.55 nlesisuaswnueulei linauaznsadasn od1alsn
4 Y v ' 4
aunnminaasslunssiinudunuaiomsaenanantlarmuivezeglusis 52 43 70 1Inao
a o oy v A A dg’ & A 1Y a A 1 A 1w 9 aa v J cy
A lansuihmminNNLIUFIDNAUNUMINAATTIAIZINIITIANBNDVINIAT NToYAdDATIAITAINN
1 { 1A 1 A % 4
yosazwiuar ngumuuriuaswu Nanelarlumasedi 45 vmaen laniuy (eeamsazwiuia,
09/’ dy A A o Y o Y a a 9 1 ~ dy =
2554) Matioaiioanninmsnaassni lugnszani lilamesgau Tadnindarnaedluioaudguiiy

dy a X ' Y Y a d? ] <} 09)1 dyd
TAHINNITLAYIVIN mmwa“lwmnuwawa@lﬂmqwu 'fJEﬂ\ivliﬂﬁ13J‘1]1ﬂﬂ15°lflﬂa®Q1Uﬂiﬂuﬂﬁ1u1ﬁﬂ
o <3 Y A td'ddg’ A 9 o 1 @ a A
’G’NLﬂ@lﬂ"iullu'Jiullfﬂil'ﬂﬁElullﬂa\1Glu°VI1\1Wﬂﬂlutﬂﬂi“ﬁl@ullcﬁNqWLﬁﬁﬁﬁﬂJﬂ‘UﬂiﬂG])'@liﬂ Iﬂﬁl’fﬂlﬂiﬂaﬂ

=<

YSinamsldeiiunidwoamaasldnensani



40

asiwamsnaag

k4 2
nnmsnaassluafatinud dar luawnsaldss Teminnedunsdwomnalug TuTuudalaa

a A

Y
n3l lawdn Taeldmadninaludumsnsyaula dszansnmmsldomns dszaninmnsdoonay

mstheanesall14se Towd luilagiuiinunTduidranemsdansaadunulddaslaoniunsly

@

v F4 1
agAvMAmiun iy maasueulsl lhnasisdueeanefalugd Iianluiagavnnisdailu
H 9
sUidar liansariunldlss Tewd laun s 18nniu wagildansoaadsuanms Ideidunidveanis

Tuemisasldlas lidewaluFsavdedar dawalimsniy@u Tauazdsz@nsanms 19l Teninn

F4 v k4 E4 E4 1
Woalosaldgedu snwamsanei laluaseiiansoi i ldwaungasomsdrmsuides)an luie 1%

£

v
v A

9 a dg‘ ] a (% d' IQ' 9
"l,ﬂwawamqwuuawwaﬂﬂsmmﬂaaﬂasamﬂwmmﬂqmumaam

Y



41

1PNE1391909

198 iy, 2552. anudeamsearesauazmslilse Temivnetiunsdvealalutarlu (Cyprinus
capio). AIVAY: IMEIUNUT IngeaasurTagia, 71AIMNTBANAAT AULNTHIINTFTITUHA
UHINATAIVAIUATUNS.

Fswad QAU Fe. 2536, msmiziuilal. ¥ays: andmnTrmans auzinemans uninerde
YINN.

aoniudszuaiiandand, 2524, 205z Savearlanlu, NTUNNA:  tenas 3TN Rtiud 3/2524.
ﬂﬂﬂﬂi%ll\ﬁ%%‘ﬂ AEPBIEEA ﬂszmmﬂymuazawmﬂf.

AU UINZFITIN. 2548, @:ﬁﬂﬂmﬁlﬁﬂ. NI - uwdu Wuded,

pafAnIsazwInlal. 2554, a§§51ﬂ1€@151‘;1az‘wmﬂmﬂ;qmw=f|. SRGRRELRE)
http://61.19.248.96/~document/fmo_stats/index.htm L"fﬁﬁﬂlﬁﬂ 25 fgnmﬁuﬁ 2554,

Adeola, O. and Sands, J.S. 2003. Does supplemental dietary microbial phytase improve amino acid utilization?
A perspective that it does not. J. Anim. Sci. 81, 78-85.

Akiyama, D.M. 1992. Future considerations for the aquaculture feed industry. In: Proceedings of the
Aquaculture Feeds Processing and Nutrition Workshop, Thailand and Indonesia, 19-25 September
1991. Akiyama, D.M. and Tan, R.K.H. (eds.). Singapore: American Soybean Association.

Andrews, J.W., Muri, T. and Campbell, C. 1973. Effects of dietary calcium and phosphorus on growth, food
conversion, bone ash and hematocrit levels of catfish. Ictalurus punctatus. J. Nutr. 103, 766-771.

AOAC (The Association of Official Analytical Chemists). 1990. Official Methods of Analysis, 15" Edition.
Washington D.C.: The Association of Official Analytical Chemists.

Berg, L.S. 1974. Classification of Fishes both Recent and Fossil. Michigan: J.W. Edward Co.

Boling-Frankenbach, S.D., Snow, J.L., Parsons, C.M. and Baker, D.H. 2001. The effect of citric acid on the
calcium and phosphorus requirements of chicks fed corn-soybean meal diets. Poult. Sci. 80, 783-788.

Borlongan, I.G. and Satoh, S. 2001. Dietary phosphorus requirement of juvenile milkfish, Chanos chanos
(Forsskal). Aquac. Res. 32, 26-32.

Boyd, C.E and Musig, Y. 1992. Shrimp pond effluents: observations of the nature of the problem on
commercial farms. In: Proceedings of the Special Session on Shrimp farming, World Aquaculture
Society. Wyban, J. (ed). Baton Rouge: USA.

Brett, J.R. and Groves, T.D.D. 1979. Physiological energetics. /n: Fish Physiology. Hoar, W.S., Randall, D.J.

and Brett, J.R. (eds.). Vol. 7. New York: Academic Press.



42

Cao, L., Wang, W., Yang, C., Yang,Y., Diana, J., Yakupitiyage, A., Luo, Z. and Li, D. 2007a. Review
Application of microbial phytase in fish feed. Enzym. Microb. Tech. 40, 497-507.

Cao, L., Wang, W., Yang, C., Yang,Y., Yuan, Z., Xiong, S. and Diana, J. 2007b. Environmental Impact of
Aquaculture and Countermeasures to Aquaculture Pollution in China. Env. Sci. Pollut. Res. 14, 452—
462.

Chavez-Sanchez, C., Martinez-Palacios, C.A., Martinez-Oerez, G. and Ross, L.G. 2000. Phosphorus and
calcium requirements in diet of the American cichlid, Cichlasoma urophalmus (Gunther). Aquac. Nutr.
6, 1-9.

Cheng, Z.J. and Hardy, R.W. 2003. Effects of extrusion and expelling processing, and microbial phytase
supplementation on apparent digestibility coefficients of nutrients in full-fat soybeans for rainbow trout
(Oncorhynchus mykiss). Aquaculture 218, 501-514.

Chimsung, N., Boonmanee, A., Songsrioon, W., Thaitabak, S. and Chotipuntu, P. 2005. Use of fish processing
waste as protein source in diet for Nile tilapia (Orechromis niloticus). Songklanakarin J. Sci. Technol.
27(Suppl. 1), 141-149.

Cho, C.Y. and Bureau, D.P. 2001. A review of diet formulation strategies and feeding systems to reduce
excretory and feed wastes in aquaculture. Aquac. Res. 32, 349-360.

Chung, T.K. 2002. How to get the best out of phytase. Feed Mix. 10, 27-29.

Clark, J.S. 1989. The mineral requirement of finfish: A review. In: Proceeding of the People Republic of China
Aquaculture and Feed Workshop September 17-30.Akiyama, D.M. (ed.). Singapore: American
Soybean Association.

Cole, S. 2002. Comparative feed enzymology the single currency of enzyme activity. Feed mix. 10, 32-34.

Cowey, C.B. and Sargent, J.R. 1979. Nutrition. /n: Fish Physiology, Bioenergetics and Growth. Hoar, W.S.,
Randall, D.J. and Brett, J.R. (eds.). Vol.VII. New York: Academic Press.

Cross, H.S., Deviec, H. and Peterlic, M. 1990. Mechanism and regulation of intestinal phosphate absorption.
Miner. Electrolyte Metab. 16, 115-124.

Davis, D.A. and Gatlin III, D.M. 1991. Dietary mineral requirements of fish and shrimp. /n: Proceedings of the
Aquaculture Feed Processing and Nutrition Workshop. Akiyama, D.M. and Tan, R.K.H. (eds.).
American Soybean Association, Singapore.

Debnath, D., Pal, A.K., Sahu, N.P., Jain, K.K, Yengkokpam, S. and Mukher, S.C. 2005a. Effect of dietary
microbial phytase supplementation on growth and nutrient digestibility of Pangasius pangasius

(Hamilton) fingerlings. Aquac. Res. 36, 180-187.



43

Debnath, D., Sahu, N.P., Pal, A.K., Jain, K.K., Yengkokpam, S. and Mukherjee, S.C. 2005b. Mineral status of
Pangasius pangasius (Hamilton) fingerlings in relation to supplemental phytase: absorption, whole-
body and bone mineral content. Aquac. Res. 36, 326-335.

Dey, P. M. and Harborne, J. B. 1990. Methods in Plant Biochemistry. Vol 2. Carbohydrates. London:
Academic Press.

Eya, J.C. and Lovell, R.T. 1997. Net absorption of dietary phosphorus from various inorganic sources and
effect of fungal phytase on net absorption of plant phosphorus by channel catfish Ictalurus punctatus. J.
World Aquac. Soc. 28, 386-391.

FAO. 2011. Fisheries and Aquaculture Information and Statistics Service [online]. Available from:
http://www.fao.org/figis/servlet/SQServlet?file=/usr/local/tomcat/F1/5.5.23/figis/webapps/figis/temp/hq
p_15689.xml&outtype=html [Accessed 18-02-2011].

Forster, I. 1999. A note on the method of calculating digestibility coefficients of nutrients provided by single
ingredients to feeds of aquatic animals. Aquac. Nutr. 5, 143-145.

Furuya, W.M., Gongalves, G.S., Furuya, V.R.B. and Hayashi, C. 2001. Phytase as feeding for Nile tilapia
(Oreochromis niloticus). Performance and digestibility. Rev. Bras. Zoot. 30, 924-929.

Geurden, 1., Marion, D., Charlon, N., Coutteau, P. and Bergot, P. 1998. Comparison of different soybean
phospholipidic fractions as dietary supplements for common carp, Cyprinus carpio, larvae. Aquaculture
161, 225-235.

Gifford, S.R. and Clydesdale, F.M. 1990. Interactions among calcium, zinc and phytase with protein sources.
J. Food Sci. 55, 1720-1724.

Hardy, R.W. and Barrows, F.T. 2002. Diet formulation and manufacture. /n: Fish Nutrition 3" edition. Halver,
J.E. and Hardy, R.W. (eds.), London: Academic Press.

Hastings, W.H. 1969. Channel catfish growth responses to test feed. Proceedings a Commercial Fish Farming
Conference, Georgia Coop. Ext. Ser. and Inst. of Commun. Area Dev, pp. 22-35.

Hepher, B. and Sandbank, S. 1984. The effect of phosphorus supplementation to common carp diets on fish
growth. Aquaculture 36, 323-332.

Hua, K. and Bureau, D.P. 2010. Quantification of differences in digestibility of phosphorus among cyprinids,
cichlids, and salmonids through a mathematical modelling approach. Aquaculture 308, 152-158.

Irianto, A. and Austin, B. 2002. Probiotics in aquaculture. J. Fish Dis. 25, 633-642.

Jahan, P., Watanabe, T., Satoh, S. and Kiron, V. 2001. Formulation of low phosphorus loading diets for carp
(Cyprinus carpio L.). Aquac. Res. 32, 361-368.

Jobling, M. 1994. Fish Bioenergetics. New York: Chapman and Hall.



44

Johnson, J.A., Robert, C. and Summerfelt, C. 2000. Spray-dried blood cells as a partial replacement for
fishmeal in diets for rainbow trout (Oncorhynchus mykiss). J. World Aquac. Soc. 31, 96-104.

Jongbloed, A.W. 1987. Phosphorus in the feeding of pigs. Effects of diet on absorption and retention of
phosphorus by growing pigs. Ph.D. thesis, Report IVVODLO. Nr. 179, Lelystad, The Netherlands.
Jongbloed, A.W., Kemme, P.A. and Mroz, Z. 1993. The role of microbial phytase in pig production. In:
Enzymes in Animal Nutrition, Proceedings of the i Symposium. Akiyama, D.M. and Tan, R.K.H.

(eds.). Kartause Ittingen: Switzerland. p. 173-180

Kaushik, S.J. 1995. Nutrient requirements supply and utilization in the context of culture. Aquaculture
129, 225-241.

Kim, J.D., Kim, K.S., Song, J.S., Lee, J.Y. and Jeong, K.S. 1998. Optimum level of dietary monocalcium
phosphate based on growth and phosphorus excretion of mirror carp, Cyprinus carpid. Aquaculture 161,
337-344.

Konietzny, U. and Greiner, R. 2002. Molecular and catalytic properties of phytase-degrading enzyme
(phytases). Int. J. Food Sci. Technol. 37, 791-812.

Lall, S.P. 2002. The minerals. /n: Fish Nutrition, 3" Edition. Halver, J.E. and Hardy, R.W. (eds.). San Diego:
Academic Press.

Li, S. and Mathias, J. 1994. Freshwater fish culture in China: Principles and Practice. Developments in aquaculture
and fisheries science. Amsterdam: Elsevier Science B.V.

Liebert, F. and Portz, L. 2005. Nutrient utilization of Nile tilapia Oreochromis niloticus fed plant based low
phosphorus diets supplemented with graded levels of different sources of microbial phytase.
Aquaculture 248, 111-119.

Lovell, R.T. 1989. Nutrition and feeding of fish. New York: Van Nostrand Reinhold.

Luckstadt, C. 2006. Acidifiers in aqua feed : a solution for antibiotic free-feeding of fish and shrimp. Aqua
feed : formulation&Beyond 3, 4-6.

Mroz, Z., Moeser, A.J., Vreman, K., van Diepen, J.T.M., van Kempen, T., Canh, T.T. and Jongbloed, A.W.
2000. Effects of dietary carbohydrates and buffering capacity on nutrient digestibility and manure
characteristics in finishing pigs. J. Anim. Sci. 78, 3096-3106.

Nakamura, Y. 1985. Sodium-dependent absorption of inorganic phosphate by the carp intestine. Comp.
Biochem. Physiol. 80A, 437-439.

Naylor, R.L., Goalburg, R.J., Primavera, J.H., Kautsky, N., Beveridge, M.C.M., Clay, J., Folke,C., Lubchenco,
J., Mooney, H. and Troell, M. 2000. Effect of aquaculture on world fish supplies. Nature 405, 1017-

1024.



45

Nordrum, S., Asgard, T., Shearer, K.D. and Arnessen, P. 1997. Availability of phosphorus in fish bone meal
and inorganic salts to Atlantic salmon (Salmo salar) as determined by retention. Aquaculture 157, 51-
6l1.

NRC (National Research Council). 1983. Nutrient Requirements of Coldwater Fishes. Washington, D.C.:
National Academy of Sciences.

NRC (National Research Council). 1993. Nutrient Requirements of Fish. Washington, D.C.: National
Academy Press.

Nys, Y., Frapin, D. and Pointillart, A., 1996. Occurrence of phytase in plants, animals and microorganisms. /n:
Phytase in Animal Nutrition and Waste Management: A BASF Reference Manual 1996. New Jersey:
BASF Corporation.

Ogino, C. and Saito, K. 1970. Protein nutrition in fish. I. The utilization of dietary protein by young carp. Bull.
Jpn. Soc. Sci. Fish. 36, 250-254.

Ogino, C., and Takeda, H. 1978. Requirement of rainbow trout for dietary calcium and phosphorus in carp and
rainbow trout. Bull. Jpn. Soc. Sci. Fish. 45, 1,527-1,532.

Ogino, C., Takeuchi, L., Takeda, H. and Watanabe, T. 1979. Availability of dietary phosphorus in carp and
rainbow trout. Bull. Jpn. Soc. Sci. Fish. 45, 1,538-1,553.

Papatryphon, E., Howell, R.A. and Soares, J.H. 1999. Growth and mineral absorption by striped bass Morone
saxatilis fed a plant feedstuff based diet supplemented with phytase. J. World Aquac. Soc. 30, 161-173.

Peteri, A. 2006. Inland Water Resources and Aquaculture Service (FIRI). Cultured Aquatic Species
Information Programme - Cyprinus carpio. Cultured Aquatic Species Fact Sheets. FAO - Rome.
http://www.fao.org/fi /fi gis/

Phromkunthong, W. and Gabaudan, J. 2006. Use of microbial phytase to replace inorganic phosphorus.
Songlanakarin J. Sci. Tech. 28, 731-743.

Phromkunthong, W., Nuntapong, N. and Gabaudan, J. 2010. Interaction of phytase RONOZYME®P(L) and
citric acid on the utilization of phosphorus by common carp (Cyprinus carpio). Songklanakarin J. Sci.
Technol. 32, 547-554.

Phromkunthong, W., Tudkaew, J. and Gabaudan, J. 2010. Study on the effects of phytase RONOZYME® NP
(CT) and citric acid on the growth and the utilization of phosphorus by common carp (Cyprinus carpio).
The 22" Annual Meeting of the Thai Society for Biotechnology “International Conference on
Biotechnology for Healthy Living” Prince of Songkla University, Trang Campus, Thailand, October 20-

22, 1370-1378.



46

Phromkunthong, W. and Udom, U. 2006. Phosphorus requirement in sex-reversed red tilapia. In: XII
International Symposium on Fish Nutrition & Feeding Biarritz: France, May 28" -June 12006.

Phromkunthong , W. and Udom, U. 2008. Available phosphorus requirement of sex-reversed red tilapia fed
all-plant diets. Songklanakarin J. Sci. Technol. 30, 7-16.

Pillay, T.V.R. 2002. Aquaculture Principles and Practices. Fishing News Books. Rome: United Nations.

Pimentel, R.A. and Oliva, T.A. 2007. Phosphorus availability of inorganic phosphates and fishmeals in
European sea bass (Dicentrarchus labrax L.) juveniles. Aquaculture 267, 300-307.

Portz , L. and Liebert, F. 2004. Growth, nutrient utilization and parameters of mineral metabolism in Nile
tilapia Oreochromis niloticus (Linnaeus, 1758) fed plant-based diets with graded levels of microbial
phytase. J. Anim. Physiol. a. Anim. Nutr. 88, 311-320.

Riche, M. and Brown, P.B. 1996. Availability of phosphorus from feedstuffs fed to rainbow trout
(Oncorhynchus mykiss). Aquaculture 142, 269-282.

Riche, M., Trottier, N.L. and Ku, P.K. 2001. Apparent digestibility of crude protein andapparent availability of
individual amino acids in tilapia (Oreochromis niloticus) fed phytase pretreated soybean meal diets.
Fish Physiol. Biochem. 25, 181-194.

Robinson, E.H., Labomascus, D., Brown, P.B. and Linton, L. 1987. Dietary calcium and phosphorus
requirements of Oreochromis aureus reared in calcium-free water. Aquaculture 64, 267-276.

Rodehutscord, M. 1996. Response of rainbow trout (Oncorhynchus mykiss) growing from 50 to 200g to
supplements of dibasic sodium phosphate in a semipurified diets. J. Nutr. 126, 324-331.

Rodehutscord, M. and Pfeffer, E. 2000. Effects of supplemental microbial phytase on phosphorus digestibility
and utilization in rainbow trout (Oncorhynchus mykiss) Water Sci. Technol. 31, 143-147.

Roy, P.K. and Lall, S.P. 2003. Dietary P requirement of juvenile haddock (Melanogrammus aeglefinus L.).
Aquaculture 221, 451-468.

Saijjadi, M. and Carter, C.G. 2004. Dietay phytase supplementation and the utilization of phosphorus by
Atlantic salmon (Salmo salar L.) fed a canola-meal-based diet. Aquaculture 240, 417-431.

Sakamoto, S. and Yone, Y. 1978. Effects of dietary P on chemical composition of red sea bream. Bull. Jpn.
Soc. Sci. Fish. 44, 227-229.

Sakamoto, S. and Yone, Y. 1980. A principal source of deposited lipid in phosphorus deficient red sea bream.
Bull. Jpn. Soc. Sci. Fish. 46, 1227-1230.

Sauer, D.M. and Haider, G. 1977. Enzyme activities in the serum of rainbow trout, Salmo gairdneri

Richardson.: the effects of water temperature. J. Fish Biol. 11, 605-612.



47

Schifer, A., Koppe, W.M., Meyer-Burgdorff, K.H. and Giinther, K.D. 1995. Effects of a microbial phytase on
the utilization of native phosphorus by carp in a diet based on soybean meal. Water Sci. Technol. 31,
149-155.

Schultz, K. 2004. Freshwater Fish. Hoboken: NJ John Wiley & Sons, Inc.

Shimeno, S., Takeda, M., Takayama, S., Fukui, A., Sasaki, H. and Kajiyama, H. 1981. Adaptation of
hepatopancreatic enzymes to dietary carbohydrate in carp. Bull. Jpn. Soc. Sci. Fish. 47, 71-77.

Shearer, K.D. and Hardy, R.W. 1987. Phosphorus deficiency in rainbow trout fed a diet containing deboned
fillet scrap. Prog. Fish-Cult. 49, 192-197.

Simons, P.C.M., Versteegh, H.A.J., Jongbloed, A.W., Kemme, P.A., Slump, P., Bos, K.D., Wolters, M. G.E.,
Beudeker, R.F. and Verschoor, G.J. 1990. Improvement of phosphorus availabilty by microbial phytase
in broiler and pigs. British. J. Nutr. 64, 525-541.

Skonberg, D.I., Yogev, L., Hardy, R.W. and Dong, F.M. 1997. Metabolic response to dietary phosphorus
intake in rainbow trout (Oncorhynchus mykiss). Aquaculture 157, 11-24.

Storebakken, T., Shearer, K.D. and Roem, A.J. 1998. Availability of protein, phosphorus and other elements
in fishmeal, soy-protein concentrate and phytase-treated soy-protein concentrate-based diets to Atlantic
salmon, Salmo salar. Aquaculture 161, 365-379.

Sugiura, S.H., Raboy, V., Young, K.A., Dong, F.M. and Hardy, R.W. 1999. Availability of phosphorus and
trace elements in low-phytate varieties of barley and corn for rainbow trout (Oncorhynchus mykiss).
Aquaculture 170, 285-296.

Sugiura, S.H., Gabaudan, J., Dong, F.M., and Hardy, R.W. 2001. Dietary microbial phytase supplementation
and the utilization of phosphorus, trace minerals and protein by rainbow trout [Oncorhynchus mykiss
(Walbaum)] fed soybean meal-based diets. Aquac. Res. 32, 583-592.

Takeuchi, T., Satoh, S. and Kiron, V. 2002. Commom carp, Cyprinus carpio. In: Nutrient requirements and
feeding of finfish for aquaculture. Webster, C.D. and Lim, C.E. (eds.). New York: CAB International, pp.
245-261.

Tudkaew, J., Gabaudan, J. and Phromkunthong, W. 2008. The supplementation of phytase RONOZYME" P
on the growth and the utilisation of phosphorus by sex-reversed red tilapia (Oreochromis niloticus
Linn.). Songklanakarin J. Sci. Technol. 30, 17-24.

Uhlig, H. 1998. Industrial enzyme and their application. New York: John Wiley & Sons, Inc.

University of Guelph. 2010. Technology : Enviropig™. Available from:

http://www.uoguelph.ca/enviropig/technology.shtml [Accessed 18-02-2011].



48

Vielma, J. and Lall, S.P. 1998. Phosphorus utilization by Atlantic salmon (Salmo salar) reared in freshwater is
not influenced by higher dietary calcium intake. Aquaculture 160, 117-128.

Vielma, J., Lall, S.P., Koskela, J. an Vielma, J. and Lall, S.P. 1998. Phosphorus utilization by Atlantic salmon
(Salmo salar) reared in freshwater is not influenced by higher dietary calcium intake. Aquaculture 160,
117-128.

Vielma, J. and Ruohone, K. and Peisker, M. 2002. Dephytinzation of two soy proteins increases phosphorus and
protein utilization by rainbow trout (Oncorhynchus mykiss). Aquaculture 204, 145-156.

Mattila, P. 1999. Influence of low dietary cholecalciferol intake on phosphorus and trace element metabolism
by rainbow trout (Oncorhynchus mykiss, Walbaum). J. Comp. Biochem. Physiol. 122, 117-125.

Vielma, J., Ruohonen, K., Gabaudan, J. and Vogel, K. 2004. Top-spraying soybean mealbased diets with
phytase improves protein and mineral digestibility but not lysine utilization in rainbow trout,
Oncorhynchus mykiss (Walbaum). Aquac. Res. 35, 955-964.

Vohara, A. and Satyanarayana, T. 2003. Phytase: microbial sources production, purification and potential
biotechnological applications. Crit. Rev. Biotechnol. 23, 29-60.

Wang, H.L., Swain, E.W. and Hesseltine, C.W. 1980. Phytase of molds used in oriental food fermentation. J.
Food Sci. 45, 1262-1266.

Watanabe, T., Satoh, S. and Takeuchi, T. 1988. Availability of minerals in fish meal to fish. Asian Fish. Soc.
1, 175-195.

Watanabe, T., Takeuchi, T., Murakami, A. and Ogino, C. 1980a. The availability to Tilapia niloticus of
phosphorus in white fishmeal. Bull. Jpn. Soc. Sci. Fish. 46, 897-899.

Watanabe, T., Takeuchi, T., Murakami, A. Nose, T. and Ogino, C. 1980b. Requirement of chum salmon held
in freshwater for dietary phosphorus. Bull. Jpn. Soc. Sci. Fish. 46, 361-367.

Wilson, R.P., Robinson, E.H. Gatlin III, D.M. and Poe, W.E. 1982. Dietary phosphorus requirement of channel
catfish. J. Nutr. 112, 1197-1202.

Xie, S., Zhang, L., and Wang, D. 2003. Effects of several organic acids on the feeding behavior of Tilapia
nilotica. J. Appl. Ichthyol. 19, 255-257.

Yan, W., Reigh, R.C. and Xu, Z. 2002. Effects of fungal phytase on utilisation of dietary protein and minerals,
and dephosphorylation of phytic acid in the alimentary tract of channel catfish Ictalurus punctatus fed
an all-plant protein diet. J. World Aquac. Soc. 33, 10-22.

Zhang, C., Mai, K., Ai, Q., Zhang, W., Duan, Q., Tan, B., Ma, H., Xu, W., Liufu, Z. and Wang, X. 2006. Dietary

phosphorus requirement of juvenile Japanese seabass, Lateolabrax japonicus. Aquaculture 255, 201-209.



