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Abstract

Rice mil k flavored with roasted peanut I s a popular breakf as

Borh rice and peanwdngiothearaber udprm ydoatbietaodvh if albt i s

the absorption of metals , protein and starch . A | imited phytas
hydrolysis of phytate , has been reported to occur in the grain .
food / feed a stabl e and hripgthi canc tofv intuyt rpiheynttass e, wi | | i mprove the :
especi al met al i ons. Il n this study we will examine the phytate cc¢
components , rice and peamuinfaitrasotd. pThhyd m svee awitlilvi ty duri ng
include a stable, highiaetitwvi freredf fphymace ftoom transgenic r
investigate its effect on the absortion of metal s.

The contents of phytate in different brands of brown rice , em
polished rice from market have been investigated. It was found t |
of pehyitnatrice is in following order: brown rice> embroyed rice >>
same brand. Phytate content in d®d&dqg Odf Sunhow rice were found to
g for brown rice, embroyed rice and polished rice, respectively.
geni nated rice is increased with increase in germination duration
activity of germinated regular rice (<1200U/kg) is much | ower 't h:

rice 4BOMMOU/ kg) .
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Twenty four Wistarsraonalger adupiwaed fiend obdwallr dyireotups. Cont

aining regular rice powder. I n group 2, the calculated amoun:
ired to hydrolyze tot al phytate in feed in 30 minutes was i n
eplaced partial trreagrusigaernirc crei.c eDowebrlee aadndde dt riinptloe basal di et
roup 2 and 3, respectively. Each group was fed for 4 weeks.
ectveedr & erceecsorded daily. The body weights were measured weekly
coll ected fedeasndveashad ifeadr, meoasdemrement of calcium, zinc,

and magnesium content with graphite atomic absorption spect

phorous content with colorimeter method.

No significant difference in weight gains and feed efficienc
d. Apparent absorption of iron absorption was found to incre
ition of transgenic rice. Enhancing iron absorption is most p
ransgenic rice. On the coohrexWw] bdoumbetcal cul ated transgeni
ctive to enhance the absorption of zinc. Absorption of <cal ci i

ual |y nwitthlke itmarnesaseahian crn ingeodd dnuairgipiteosro .nu m

ransgenic rice additals eaammned. eTHecphovepomoung al l me
rption exhibited to increase with increase in transgenic ric
and most profound at the single incorporation.
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1.
Lys ( ) Thr (
) Try( )
(Barbereta, 1972 Johnson et al, 1974)
Lys( TakedaBaertb earl ,etl 9a7l0, 1972)
(Johnson et al, 1974
,1985) (Nishizawa et al, 1990)
Hayakawa (net protein utilization)
Lys
(Hayakawa, 1985) (1973)

, (EPT)
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36. 0% ( )

EPT 40.8% 38. @3% 38% 41% 0 %

( Padthyel , 19709)

LysThr WHOQ Wor | d

OHganitzhat i on)

y - (2GABA)

GABA

LH

PRL

( 2003)
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( EAA)
( %)
Table 1.The compositon of the essiential amino acid in rice, and WHO think the best
model that isthe proportion of protein and amino acid
il o HE 1

A8 B (n=12) v = (n=60) bk
Cys 1.7 0.2 1.7 0.2

Met 2.2 0.3 2.2 0.3 3.5
Vs 4.0 10.1 3.9 402 5.6
lle 4.1 #0.1 4.1 0.2 4.0
Leu 8.2 H0.3 8.2 0.3 7.0
Phe 5.1 20.2 5.1 0.2

Ty 5.2 #0.3 5.2 20.3 6.0
Tha 3.5 0.2 3.5 0.2 4.0
Ty 1.7 0.3 1.7 *0.3 1.0
WVal 5.8 304 5.8 0.3 5.0

(Kenatedy 1981)
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TablAe rZa.thibal o i cail g ef/setNuw\ara efficiencyofCOr n pr ot ei n

BY D NPU PER .
o et 1 Wik ARIRE S
FEots 77 a4 72 1.50
e 67 91 61 0. 65
A 57 83 48
EF 55° an° 51° 0.83
= 56 2y 50 0. 69
YN 64 90 o8 1. 66
a( 1986
b 1985)
(c,1991)
PS.
BV = ~ 100
CD -
NPU = ~ 100

=PER(Pr ot ei n

Effqf i ci ency/ Rati o

x100



(Fabaclaeegumi) noAsraec hi s .h)ypogaea L

12

80 % 10

0. 022 59 %

25 ~ 30% 16

<< >> "

>> ” "(,2003)
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(,2003)

Kris-Etherton

21%(Penny M., 1990)

10 ?,1996

100

" (,2003

(,2003)
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(pthg acid )

( myoinosi-heXakli,2di3hyYidrsggdenphosphate)

1903Fo0ssternak (Posternak,
1903)
- - (phytin)
(O Del | et al ., 1972)
(Tanaka et al ., 1974)
?(Tayl or, 1965; Nel son, 1967
Comwel ) , 199

( Rut hee rtf, uar2dd 0 2 )

(ThompbEDdN3)



= -0-P0H

{1 IH

(Liu et al ., 1998)

Figbl eMul ar structure of phytic acid
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Tabl e 3. Phytate

content of

cereals, cereal product s,

Classification

phytate(PR¢ferences

Cereal wheat 0.-3935 Lol as, 1976
Barl ey 0.-3816 Ki kunaga, 1985
Corn 0.-2522 Harl and, 1979
Ri ce 0. 17 Mameesh, 1993
Oat 0.4216 Frolich, 1988
Cereal pr wtheat breaf@s28 Graf, 1982
Corn chi pG.-2466 Harl and, 1987
Bi scuit 0.-1105 Ceruti, 1984
Bean Soybeans 1.20 22 Cilliers, 1986
Peas 0.-2222 Wel ch, 1974
Peanuts 1.-0576 Harl and, 1979
ki dney be@nf8957 Yoon, 1983
Green gra -5910 Davies, 1986
Bean produSdymil k 0.-0511 Anno, 1985
Tofu 1.-269 Kasim, 1998
Peant f | oL¥b5 94 Harl and, 1986
Tubers Potato 0.-0118 Wol ters, 1993
Sweer pot &t€732 Ravindran, 19914
Sugar beet0. 01 Kasim, 1998
Fruit Strawberry0. 13 Wol ters, 1993

Mango raw/ rQO.pled

Ferguson, 1988

(Food

phytates , 2001

beans,

beai



Thompson

a - ? 5
1HB Kunckl es pH4. 15 a- ?
8. 5%8. 3%
(Kunckles et al ., 1987)
( Cawranloet al ., 1988)
2 o H
pH 2~3 p H

(Vaintraub and Bul mage, 1991)

(Okubo et al ., 1976)

1.-11D.
Md"Ca zZ#f

F& Ca’ (phytates)
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1996)

(Gfra 1983) (Lonnerdahl et al .,

1989)

(Pawar and Ingle, 19&8pnf, 1983)

(Graf and Empson, 1987)

(Eskin andwWwWidebeskil988d Ul Il ah, 1996)

(Wodzinski and Ull ah, 1996)

(ReddyKabag9et al, 2003)
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1907 Suzuki ? DoxGdden(1911)
aspergil |1 1962 nternational Mi nerals and Chemical s
? 1968 hi eWar e
A. ni ge8313RRL ? 1969 hi eh
A. niged3l3RRL 198811 aMh niger NRRL
? phyA 1996 FDA GRAS
? 2
?
1907Suzuki ?
? ( )(Liu et al., 1998)
? 460 pH 4 -8. 0
p H (Liwu
et 41998) p H
4 55 5 ? Bacill usEstudbrtobbacet er

pH 4 -75. 5 ?

26



?

Tabl eTHe history of phytase

1903
1907
1911
1913
1914
1959
1962-1971

1967

1968

1968

1969

1971

1984

1987

1987
1988

1991

1992

1993
1993
1993
1994

1994

Posternak-Describes phytic acid

Suzuky et al.-Describes and extract rice bran phytase.

Dox and Golden-Demonstrate phytase in aspergilli,

Plimmer and Anderson-ldentify organic phosphorus compounds in plant material,
Anderson-Determines the structure of phytic acid.

Casida-Lists 20 soil fungi that have phytase activity.

International minerals and Chemical initiates first commercial attempt to develap phytase as a
product.

Ware and Shich-Patent acid phytase,

Shieh and Ware-Screen over 2000 isolates for phylase activity. Isolate dspergillus

miger NRRL3 135 syn A. ficuwm produces phyd and phyB at the highest yeild ever reported ina
nongenetically modified strain.

Nelson et al.-Feed phytase-treated soybean meal and document that hydrolyzed phytin is
assimilated efficiently by broilers.

Shieh ef al.-Partial purification characterization and regulation of 4. niger NRRL 3135 phytase.

Nelson et al-Direct feeding of supplemental A. niger NRRL 3135 phytase 10 broilers in
experimental and practicaldiets is titered,

Southern Regional Research Center Agricultural Research Service, Untited States Department of
Agriculture begin basic studies on phytase.

Alko Ltd. (Finland){Pan labs) initiates project to commercialize phytase.

Giist-Brocades( Metherlands) initiates project 1o commercialize phytase.

Ullah-Purified, characterized, and determined the partial amino acid sequence of A, niger NRRL
3135 phyd.

Simons et al.-Demonstration of efficacy of phytase in broilers and pigs.

Van Gorcom et al.-Application for patent on the overproduction of phyd by ¢loned strains of A
miger NRRL3135 and A. niger CBS 513.88 that has a glucoamylase promoter and in which
synthesis is nol controlled by levels of P. Extracellular yeild of phyA increased by 50-fold.

Ecological benefits of the use of phytase to abate phosphorus excretion by monogastric animals.

Ehrlich ef al -Cloned and sequenced the gene for A. miger NERL 3135 phy B,
Piddington ef af.-Cloned and sequenced phytase from A. miger var, awarmor,

Pen et al -Expression of fungal phytase phy A in tobacco.

Ullah et al.-Cloned and sequenced the gene of 4. niger NRRL 3135 metallo pH 6.0 acid

phosphatse.
Beudeker and Pen-Expression of fungal phytase phy A in canola{ Brassica napus).

(Wodiznski and Ullah, 1996)
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Table 5.Genera characteristics of phytase from various sources.

Molecular weight

Optimal
Temperature

Optimal pH

Classification Source
(kDa) (C) [pl]
B. subtilis 36-38 6l 6.0-6.5[6.25]
E. coli 42 55 4.5
Bacteria Enterabater - 50 7.0-7.5
K. aerogenes 10-13,700 60-70 4.5, 5.2[3.7]
Pseudomonas - 5.5
A. ficuum B5-100 55-60 4-6]4.5]
A. niger 200 53 5.5
Fungi A. terreus 214 70 4.5
A. orvzae 120-140 50 5.5[4.5]
R. oligosporus 35 4.5
S. castellii 400 i 1 4.4
Yeast
Baker's yeast 45 4.6
Canola seed . S0 52
Cucurhita maxima 66.5 48 4.8
Lilum longiflorum 88 55 ]
Maize T6 55 4.8
Plant ¥ ®
Mung bean 160 57 =
Soybean 60 55 4.5-4 8[5.5]
Spelt 68 45 &
Wheat bran 47 55 5.0-5.6. 7.0
Human - 3
Animal tissue Chicken - 5
{mif-ul.?:}l Calf - 5
Rat 70-90 . 5

28
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? ? (Liu et al

1998) p H

? ? A. ni ger

NRRL3 135 (Shieh and Ware, Bu@®) / ml / min

(Nair et al., 1991)

1979 ? 2 3

? 3-phytase(E.C. 3.1.3.8)

6- ? 6-phytase(E.C. 3.1.3.26)
(Wodiznski and Ullah,1996) ? 3-phytase
? 6-phytase « )
?
? p H (Ki ent 129 98 L&
Bs bt usl | ? (Segweit] RAIPZ.AH "
A. f ,Bcusugnbreir lobba&t ediast el | ?

(UI 1®1B88; aRdwdag®Bnatuami 1961 a,, Labour

1 RBIYpaen alvs9. pongbl oed ?

JQongkkktda® 2)
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p H

OPO;H:  OPO;H,

H OPO;H;

myo-inositol  1,2,3,4,5,6-hexakis inositol
dihydrogen phosphate (Phytic acid) i
structure suggested by Anderson 1314,

CeHie024P;s | Mw=655.85

Figure 3. Scheme of dephosphorylation of phytic acid hydrolysis .

Inositol and phypysapade®ric acid by



(Schirethmz001 )

pH
?
1.
? ?
(Smons et a., 1990) ?
? (Cromwel | et al ., 1995)
199§) ,1997) ,1998:;1998; VYi et a1998996)
, 2000; Lei et al ., 179 9 8)
400~500FTU/ kg7 0%
(,2000)
?
( ,1998) ?

( ,1997) Cromwell

31



GfP ,/C/,, - P
Ins (1,2.3.4,56)P,
(p) H r- ﬂa
(e

Ins {1,2,3,5.6)P,

oH

HO
Ins (2}

.
oM O
HCr
O
HC»
e anosaial

Figure 4. Predominant pathways for the hydrolysis of phytate by plant and fungal

phytases.

A .
Iﬂf‘rg#r’.-"u_r miger Phylase



85%

Verdoes

,1998)

1995

34~54%(Cromwell , 1991)

?
( ,1995 , 1998
A. niger NRRL 3135 ? 24
70% (Han and Wiferd,1988)
?(Nayini an@8) Markakis, 198
?



(Verdoes et a., 1995)

2 X (
) A. fumigatus ? 100 20
10% 90 120 70 % PCR

A. nigglewmcoaml yase piraomoymps ophan C

terminatNemrospora coaosadipnheosphate decarboxyl ase

A. ni ger

pH (pH&2) 5 (Pasiames et al ., 1997)
Fungi ?  A.niger A.ficuum
100U/mg protein pH 25 5 pH 5.5
(Howson and Davis, 1983) ?
?
2003 Escherichia coli ? appA
Selenomas ruminantium ? SPf6
(Oryza-sativa L. cv. Tainung 67) o -amylase (a Amy8)
promoter ? SIPf6  appA pH 3.0-55 20-6.0



2500 6000 U/kgrice E. coli ?

?

Table 6rgMhncsms for the production of microbial phytase

[ N 2

Micro-organism Expressed in
Bacteria

Bacillus sp. Escherichia coli

B. amvleliquefaciens B. subtilis

Enterobacter sp. -

Yeasts
Arwula adeninivorans =
Hansenula polymorpha -

Fungi

A. carbonarius -

A. niger Escherichia coli

A. niger Saccharemyces cerevisiae
Peniophora lycii

A. orvzae

A. fumigatus Pichia pastoris

A. ficuum Nicotiana tabacum

A. ficuum A niger

(Pandey et al., 2001.)



appA a -amylase promoter 50,000 U/kg

rice ? ?

? (Hong et al., 2003)



E.coli. pappAre

2 (30000~400POU/ kg

4

(40mesh)

37



MI KROHi t aXdapan
SCR2HB t axdpan
Model00253
pH mePHM8 2 St andaRradlipoHneMeetreD@mpnamnmtka g e n
KaFi sher Di-1I8 Mett tobrwarer | and
(spectr opl\w t2d MmNl eO0S A
Kj el"2t1e0cB o sBe n mar k
-Neytecl SB50
-Gar boHnigtleand

Z-8000ZAMDat a prhbicteasksdopra n

Ammoni um mbdiydbldlad repargdtiicc &ryitdat(esnodi um

ice) SirgnaR ( USA)

Pot assi um itrhoino(clylaln)a tthea rt rr cau se  sswldfi autne
aMeag c(BRa § @er many)

Acetic afO©ldn enctcrorilc material (USA)

Ferric olhrorci dei d (Japan)



L(+apscorbS$Sadiicimd hy dRioedddde HzaRe n

(Ger many)

SignaR ( Ger many)

. At omi c lambistor ipdsiuaddiud i c Feociak Ber !l in

GmbH (Ger many)

P Q 2. KH CaFe Mg standard solution (

5%HMO Op.piT. Baker (USA)

3.2Zn st and%HNO sMetku@R on( 1000ppm

4. P standamMN® sol uti on(1000ppm

(Japan)

Casedmnrn stuarcoblel i onseer a | mi X

93 Gy i t( aAmi M-9BiX)(melthi onli @N( USA)

? (vaoisl et al ., 2003)

-acet atha buf f elrM 1M



pH 5.0 10

10
1M 8 2 900 ml 1L
13W0 ml 470ml 500 ml
4 4 0O.1M pHckettate buffer
2 2 ?

(Shi mi zu, 1992)

1.A 3% Ammoni um mol VBada® e ( Wi/ v %)

5. 4pFeBs s (Wf atop @ )

1.5@M sodium.dhw tNemee at e buffer(

8% T5 dMCIAor oacetic acid(w/ v %)

4 . 1.-700. 0 mMOKM



p H537 ammoni um

m(oNIHy} b A B R@Qe: 2 kD Ferrous

s ul f7a0t0en m

1. 5ml 4 13000r pm
37 5
76| 3 ouo
37 15 5S%T CA
3 7us 700nm
(1U) 37 pH5.0 ?
lumol e

(one unit)

( mM)

2. 2 (Ulkg)

(mM)/ (15min) (U)

( ¥) ( mL) / x1 000 =

41



( Wh e,eleetd 991 1),

1. 3% Trichloroaceteic a
3 2. 3BECA 2 ferric
3. 1. 5N NaOH
s 4. 3. 2N HNDO
5. hBn&dMe Potassium t hiocy
60.. 4~2.0 M Fe(NO
FeP mol ar 4 &di o
(80 mg ) 125ml
3 %TCA 25 ml 30
5 ml 15 ml 2ml sFeCl
45 Fe&
(4000X%Hmi n) 145ml 3% TCA
510 510
1. 5ml NaOH 15ml

42

c

d
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30 Fe (NO (

) 20 ml
50ml 2 5u0 3.
1 ml KS CN5 ml 480nm
( 2005)
3 4 2
?
1.
135 3 30
1-2

(CNS5D88314)

(%) <)(-8) (*bh 100

(9) a

+ (g) b

75 ml



+ c (9)

2. Soxhlet met N6H(LTZTNSS5036

Soxhl et Apparatus )

2-10

100~105 2

1/ 2~21 3
( ) 60~70
8 80
100 1
o W W
( %)—=——x 100
S
(Vg )
Wo (9)
(9) S

3 Kjeldahl met hod( AOCS, 1989)

H.S @ (NJS@ NaOH



3 H:B @ NH NHHCI N H

6. 25
10 miSOoH ( )
(4002 )
B @ NH 4 % H 0. 1N HCI
1 Vz)XCX14 (V
( %) xFx1 0 0
SmplxQ@o0
\Y
\Y
14
F
2-5 500
3-5
5 4 (



1. Wi st ar
2224 12
28
«( )
7.5
( )
2 3
4 .
28 (
6
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Tabl €omposition of rice milk powder diets in growing rats

Control Treat ment
l ngr ed i—er+t

Di et Di et Di et Di et
transgemevdreirc e 23 4 5 6 8
Ri ce p owd e3r5 6 3 4 0 17
Peanut powdlenl 171 171 171
casein 150 150 150 150
cornstarch 341 341 341 341
Sucrose 100 100 100 100
Cellul ose 30 30 30 30
Mi neralt Pr eimd & 100 100 100
Vitami h Pr e x 20 20 20
Met hi oni ne 3 3 3 3

g / kg

1. Mi nerGall cmiuxm carbonate35. 7% %n@pmod @ctsa ugn wmtplad €p motneohy.dr at e
7.078%, sodium chloride 7. 4%, potassium sulfate 4. 66 %, magnesium oxide 2. 4%,
,2Zinc carbonate 0.165%, manganese carbonate 0.063%, copper carbonate 0. 03 9%, pot
sodi um s eoluesn a0t. e0,0almth, y darmmoni um mol y bdakX e0 .01l 4050%,795 %, sodium metasilicat. 9H
chromium pot a0 sO.uOnR 7s5u%,f altiet h.iluzZmd chl ori de 0. 00174% |, boric acid 0.008%, sodium
fluoride 0. 006 %, nickel atarbonfnaDé%w). pOBther athmengam 2anaeéb.

2. VitaminNmco(guotdfgBi 060, pantothenate 1.60, pyridoxine HCL 0.70, thiamin HCL 0. 6(

, folidbia@tcia 0..22500Dit @&AmipmaBtocopher ol powder (250U/gm) 30.00 , vitamin A

Pol nmiet(a250000U/ gin¥DO® 0 0Wi/ tganmiOn 2B, phyl l oquinone 0.0765, powered sucrose 959.655

48



(Bi ol ogical | ndex)

(1) (absor)ipntiak &eces

Absorption
(% of ( PHtaker—x 100%

Il nt ake
Wei ght i ncrea:¢
(Feg@ ) c ey )—
Il nt ake
Feces
(Retdfp) ioer——x 100 %
|l nt ake

Frtcelke

1. 105

S@ 1ml sHNOHoQ. plmat eH

10 ml

49



Fe(spNQAQ 6 ppm

Ca(sNQ- 5 ppm

32 0.053 ppm Mg ( NO

Zn (sNQAQ5 ppm

(Bul)

(1) 20 2

213.9nm

( 29 2

248. 3nm

(3)450 300

0. 1%sLacCl



Tabl e8. Temperature program of Ca, Fe, Zn and

TempertaurCa Fe Zn Mg
progr_am

Dry 8420 20 8420 20 8 A2 0 20 8420 20

As h 1248000 40 1248000 30 126000 10 1246000 30

4 0000 50 408000 20 408000 30 40900 10

6 0000 20 6 000 30 6 0000 30 50900 30

At omi za27®h 10 2700 10 2100 10 2000 10

Cl ean 2800 3 2800 3 2800 3 2400 3

Condi ti on

Cuvtee Graphite Tube

Carrier gas 2 200 ml/ mi n N
30 ml/ min Ar

51



422. 7nm

( 44)5 0 300

0. 1%sLacCl

285.2nm

(d@h.en et al ., 1956)

0.42% ammBMoni(umlmdS@bdat e

10% ascomBbic acid

= 6A+18B

14 ppm P standard solution

ammoni um mol y b tlp? B:PECOMQ:.2 bD

ascorbic acid 820nm
300 60 3 OuOl
7 Ouol 45 20
820nm

I+

(meamtandard deviati on)

PESAS p 0. 05

52






1. 36%

1.%4 1.44%

1.23% 0. 09%

0. 05%

(Long, 1961; Bel avady and

Banerjee, 1953)



TablPh9tic aoifdtdhentdedtf erent brand of rice on the market

/ 100¢g

(g/ 100Lh.)®4 03 1.#97 03 1.8 061.46 16
(g/ 10QgP3 0671.+04 034 1.5 043

(mg/ 1008 ¥67.28753 £72.997 47 #5259 86452 18

Ps.



140

D

120

D

\

100
800
(U)go/

408

2089

Figue 6Phyt ase acti vi trye mte atsiumes do fd ug @ rnngi da tf if cen



100 250

14.12% 27.51% 0. 25%

( Rientbaet al ., 1995)
(0.25mg/ g) 85 171
30
18% Lina Hiroo(2003) Rimbach(1995)
20%
Wistar 28

0 116 28 29

57



Tabl eThleO content of phytate, protein
mi | k powder
rice peanut Rice milk powder
%
phytate 0.19 0.28 0.25
protein 24.5 8.93 14.12
oil 2.05 40.24 27.51

and

Oi

n

ri ce

powder ,

pean



542

0.33%
1.75-2.10
0.38
10%
)
1.25-1.30
( )
5%
16%( )
5 499 0
6 2
1.5%

59

(Feed efficiency)
( )
11% 15%(
( )
14%
2% 7 %

6 55
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Table 1 B. Ef fpehytt aafd phyt ase on f ogordowtnht arkaet,e body wei ght and

Diefffeed int&8bedy weightWg)ghig owth rate
(gain/intake)
(g) dayo day2ilncrease(g)

a a a a a
1 5S4 %534 217+52 HD3A0 2264 8188 3. 3 8 1 D1 HIA50 2

a a a a a
2 562802182 2. 14. 381+237 01678 . 67 i:8289@ 3 4

a a a a a
3 53572641 A 8. 285+3396 31671. 65iD48D@8 3

a a a a a
4 5258777, 499 8. 47. 28 1+35 4 018.23+31.15 0.83 01

Eachvaueisthemeanz st andard deviation (n=6)

#b Mean in the same column with different superscripts are significantly different

(P<0.05)



Table12 Effect of phytate and phytase on apparent absorption of ironand zinc

fecal Feed intake absorption
Mineral Diet P % of intake
mg/day
1 0.99+0.18%° 1784026  0.78+0.09°  4431+3.05°
2 0.95+0.09°  2.09+0.36" 1.1440.28% 54.21+4.49 e
3 0.83+0.14%  185t03°  10240.17® 5524222
4 0784013  1.93+029°  116+0.18° 598742722
.l ! | | ., |
1 0.64+0.1° 1.27+0.19° 0.63+0.1% 49,5512_39d
2 05740.06® 126+019°  0.69+0.13  5443+279°
Zn
3 0.46+0.06°  1.29+0.22%  0.83+0.17% 63,9112_79b
4 0.44+0.08° 12740197  0.83012° 55042377
1 2.34

% of intake = absorption / intake

Each valueisthemean+ st andar d

deviati on

#b Mean in the same column with different superscripts are significantly different

(P<0.05)
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Table13 Effect of phytate and phytase on apparent absorption of calcium and
phosphorus

Mineral  Diet fecal Feed intske ~ absorption

% of Intake

mg/day

1 130.21+20.02% 567.86+73.94% 437.65+59.342 77_0412_24C

2 125.81+19.85% 590.87+86.01* 465.06+70.89° 78_6711_94bc

Ca
3 11267+19.36% 542.6£82.03% 429.93+69.24 79_06i2_47b
4 92.06+13.63° 590.35+87.58% 498.3+76.94% g4 3541 38"
1 50.53+9.56°  66.33+9.86°  6.81+231°  1032+317°
2 60.57+10.8°  72.74+¥13.05%  12.17+3.66% 16_7113_45“3
i ab
3 54.84+6.25°  68.16+10.42®  13.32+4.17%° 19.21+3.29
4 5590+12.13° 7097412427  14.98:258% 21514479
1 2.3.4

% of intake = absorption / intake

Eachvaueisthemeanz st andard deviation (n=6)
#b Mean in the same column with different superscripts are significantly different

(P<0.05)
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Table14 Effect of phytate and phytase on apparent absorption of magniesium

fecal Feed intake absorption % of intake

Mg
mg/day
1* 8.09+1.13a 12.34+1.642 4.25+0.63° 34,4442 171
o 7.55+0.99% 13.77+1.622 6.22+0.942 45.16+3.58°
3* 5.72+0.54° 12.49+1.852 6.77+1.422 53.8+4.31°
4* 5.71+1.33° 12.91+1.912 7.19+1.052 55.95+5.83%
1 2.34

feed efficiency = absorption / intake

Eachvaueisthemean+ st andard deviation (n=6)
#b Mean in the same column with different superscripts are significantly different

(P<0.05)
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E. col?

appaA
E. coli ? (3165U/ mg protein)
pH2. 0 (lgbasan et al .,
200®Rdriguez ? E. chol if umiAgatnuisger
E. co?i A pepsin) ?2(trypsin)
(Rodriguez et al ., 1999 ; Rodriguez et al ., 2000)

E. co?2i (appA)
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Figure 2. Zn standard curve

Condition :

Standard solution: Iron in 5% HNO3

Injection volume : 5y |

Concentration range:0-6 ppm

Condition :

Standard solution: Zinc in 5% HNO3

Injection volume : 5u |

Concentration range: 0-2.5 ppm
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Figure 3. Ca standard curve

Absorbance

Condition :

Standard solution: Calcium in 5% HNOs3

Injection volume : 2 |

Concentration range:0-5 ppm
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Standard solution: KH,PO4 in H,O
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Figure 4. P standard curve
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