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An Animal-Industrial Review on Phytic Acid and Phytase
Yang S. Y., Kim C. W* and Kang C. W.*

Institute of Natural Sciences

Summary

Phytic acid (myo-inositol hexakisphosphate or IP6) is the major storage form of phosphorus in
cereals and legumes, representing 18 to 88% of the total phosphorus. Phytate form of phosphorus
is not readily utilized by monogastric animals and this result causes pollution problem by
phosphorus released in areas of intensive livestock production. The interaction between phytic acid
and essential dietary minerals, protein, or vitamins is considered to be one of the primary factors
limiting the nutritional values of cereals and legumes in monogastric animals. Attempts have been
made to hydrolyze dictary phytic acid by phytases to improve the feed quality and to decrease
the amount of phosphorus excreted by animals. Phytase (myo-inositol hexakisphosphate phospho-
hydrolase) hydrolyzes phytic acid to myo-inositol and phosphoric acid. Two types of phytases are
known: 3-phytase (EC 3.1.3.8) and 6-phytase (EC 3.1.3.26), indicating the initial attack to the
susceptable phosphoester bond. Because of its great industrial importance, there is ongoing interest
in isolating new bacterial strains producing novel and efficient phytases.

(Key words : Phytic acid, Phytase, Phosphorus, Pollution, Animal)
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1. Phytic acid

7}t Phytic acid?| +=

7hEo] lel TP SRR HEE = phytic
acide] FZ+ Anderson(1914)e] 3] myo-
inositol = hexa-phosphate2] Z§FE7F A A
519/ T} TUPAC-IUB(1968)e] ©}3] phytic acid
1,2,3,4,5,6-hexakis(dihydrogen
phosphate)2 W H o, Weingarmers}
Erdman(1978)o] @8] Anderson(1914)0] = 4]
F TEE RO E AR FEIL AN

. %A pHolA phosphate7i= § 7] Ei=
T Y gdsE W ALdztst AEFH
ooy, elelg Fx= s Ca, Mg, Zng}t 2

7} myo-inositol

L}. Phytic acid9| 2=

Phytic acide 41 & 2}y = F(Rose, 1912;

AverillZ} King, 1926; Belavady®} Ranerjee,

1953; O'Dell, 1979), ®al o} 3|7 (Rose, 1912;
McCance®} Widdowson, 1935), A&} #E 2
# 9 7(Rapoport, 1940; Rapoportel  Guest,
1941; Oshima 5, 1964; Johnsoni Tat, 1969),
a8 Z(Dyer 5 1940; CaldwellZ Black,
1958) FolA AHEHsA LR agn
AStdlel A Ca’, Mg, K™ 9] 17+ & 27}

Fole#d d FehE EAste gel27 Da
olE HFEE FATr] W, QBT o}
Yzt ofele] AA A e)e] L (Sobolev, 1966;

Cosgrove, 1966), = #A QA AR, A& =
o A7 22438 A HActe] == 22
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1973; Nahapetian$} Bassiri, 1975).
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Table 1. Hydrolysis of phytate-P by mature steers and calves’

Phytate-P
[tem
Intake (g) Excreted (g) Hydrolyzed (%)
Steers (9 months old) 71 0 100
Calves (56 days old) 20 0.06 99

'Source: Nelson et al. (1976).
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Bwe =243 A 452387 92" £ HolZth o9k TR 3be] Eeckhout®: Paepe
o ArgAle]l glo] Zzk 0, 3 & 8%2] phytic  (1990)% zZHE A ZEAFE9] total-P, phytate-P
acidyte] Ea=EAWT 92, &9 50% FF 9 phytase o T RuodFeo
2 92 gdA&EEs B¢ 22 8,13 © 18% (Table 2).
Table 2. Total P, phytate-P and phytase activity of feedstuffs’
Item Total P Phytate-P (Phytate-P/ _Phytas_e
(%) (%) total P)x< 100 (units kg™
Grains
Rye 0.36 0.22 61 5,130
Triticale 0.37 0.25 67 1,688
Wheat 0.33 0.22 67 1,193
Barley 0.37 0.22 60 582
Peas 0.38 0.17 45 116
Corn 0.28 0.19 68 15
Oats 0.36 0.21 59 42
Sorghum 0.27 0.19 70 24
Corn (moist ensiled) 0.30 0.13 43 12
By-products
Wheat fine bran 0.95 0.72 76 4,601
Wheat fine bran (pellets) 1.01 0.78 77 2,573
Wheat middlings 0.80 0.53 66 4,381
Wheat feed flour 0.56 0.39 70 3,350
Wheat bran 1.16 0.97 34 2,957
Malt sprouts (pellets) 0.60 0.01 2 877
Corn distillers 0.90 0.19 21 385
Rice bran 1.71 1.10 64 122
Cereal by-products
Corn gluten feed 0.87 0.47 54 48
Corn gluten feed (pellets) 0.89 0.52 58 5
Corn germs (extracted) 0.65 0.42 65 16
Corn feed flour 0.23 0.14 61 5
Rice feed flour 0.32 0.23 72
Rice bran (extracted) 1.89 0.79 42 45
Wheat gluten feed 0.78 0.56 71 25
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Table 2. Continued

B4l ng

Itern Total P Phytate-P (Phytate-P/ Phytase
(%) (%) total P)x 100 {units kg™")
Oil meals
Peanut (extracted) (pellets) 0.68 0.32 47 3
Coconut (expeller) 0.53 0.18 34 24
Linseed (expeller) 0.75 0.42 55 5
Linseed (extracted) 0.82 0.47 57 41
Rapeseed (extracted) 1.12 0.40 36 16
Palm-kernel (expeller) 0.59 0.39 66 37
Sunflower (extracted) (pellets) 1.00 0.44 44 62
Soybean 44 (extracted) 0.66 0.35 53 40
Soybean 48 (extracted) 0.61 0.32 52 8
Soybean 50 (extracted) 0.71 0.38 54 31
Legume seeds
Soybeans (heated) 0.57 0.26 46 55
Field beans (heated) 0.50 0.23 46 81
Lupins 0.25 0.05 20 0
Roots and tubers
Beet pulp (pellets) 0.10 0 0 3
Potato (chips) 0.10 0 0 0
Potato starch 0.10 0 0 0
Cassava root (chips) 0.09 0 0 6
Sweet potatoes 0.11 0 0 26
Other by-products (+ alfalfa)
Citrus pulp (pellets) 0.10 0 0 3
Cocoa shells 0.40 0 0 65
Soybean hulls 0.19 0 0 99
Flax chaff 0.10 0 0 58
Mycelium 0.14 0 0 77
Alfalfa (dehydrated) (pellets) 0.23 0 0 60
Corn cob 0.05 0 0 58
' Sorce: Eeckhout and Paepe (1994).
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7t. Phytase® &&

Phytase(myo-inositol hexakisphosphate phos-
phohydrolase, EC 3.1.3.8) ©AIZ o2 phy-
tate2 RE FrlE J& A7StE ALEA
& 2] phytaser= 3-phytase = 6-phytased] 2 F
F2 REHU. 3-phytase(EC 3.13.8)= =%
o phytic acidd 3¥H <& ZE&se
6-phytase(EC 3.1.3.26)%= phytic acide] 6%
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myo-inositole] HAHT} ZHo|E v £ Ul
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Lt. Phytase®| 4 2 5S4

Phytase:= 2} 2(Peers, 1953; Gibbins$} Norris,
1963; Lim3} Tate, 1973; Lolas®} Markakis,
1977; Hara &, 1985: Sutardi®} Buckle, 1986;
Gibsoni}t Ullah, 1988; Houde %, 1990), 0] Al
Z(Yamada 5, 1968; Irving®} Cosgrove, 1972;
1978; Wang %, 1980; Powars}
1982; Ullah®} Gibson, 1987;
Mahajan®  Chauhan  1987;  Khetarpaul=}
Chauhan, 1989, 1991; Shimizu, 1992; Lam-
brechts %, 1992; Lopez 5, 1993; Yoon &,

Skowronski

Jagannathan,

1997, & 5. 1998;
Yang %, 1999; % 5, 2000; 7 %, 2001) &
=243 Davies?} Motzok, 1972; Davis$}
Flett, 1978; Maga, 1982; Cooper®} Gowing,
1983; Igbal 7§, 1994) Fol FTWA TEHo|
et

AE7HA BnE 42 4 phytsee] A
pH, &% ¥ Kmz2 Table 3o JeRJSAT].
# % pH+ wheat bran®] F2 fraction, mung
bean @ Typha larifolia 1.2] polleng | £ &}
Te hEE 4.0~56 Aboje] kb pHellA
A9gHe e, A2 LEE 40~60T
Aoz BeT ozt ¥e 2% @Holth
w3l Michaelis-Menten #A}5¢1 Km3t-2 0.017
~0.99 mMZ F#HH S met FFs] o=
g, Km#e g4 HAAE D EHEZA
met th=2A vetd £ AT wheat bran,
navy bean @ pollens] 7$ AHog e
Kmg2 detdlz o oE A4 F
phytaseo]| W]3] 7] 2 ¢l phytates] % I =

b Aoz w2 e @ st

1996; Pasamontes &,
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wpEtRiTh ol sl

Pseudomonas  sp.(Cosgrove

=, 1970: A =, 2001), R oligoporus
(Sudarmadji®} Markakis, 1977), Penicillium
sp(Yang &, 1999; < &, 1998), A.

aeragenes(Greaves 5, 1967), E. coli(Greiner
=, 1993), S castellii CBS 2836(Lambrechts
=, 1992)o] J4bsli= phytase Tof tis] X
a9 w9k

Aspergillus sp.&t #-& F 30| <+ phytase
79 pH 45~559] <ekibA pH B el A
AgAde Jeld, 4 ficunm NRRL 3135
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ebZ] @ Eel 7hSel Al FodA H A
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Bacillus sp.2] A= #Z pHsF 6.0~75

HAE 54 pH B8l Aoz gad. of
H7+A] phytasee] Ao 287 % o] o3 A
s geAA fokA T olet Zo] FAHS
ol HHAZAHE el W= Bacillus sp.
phytase] 3¢ A7 oA kAol o &4
o "R Mg T4 FAR UIFEHIL Q)
t}. B. subtilis(natto) N-772] 745 pH 5.0~
11.08] HHollA ¢tAstg o™, pH 40 ofst
i AL Ei%"éa YERH A ko).
Bacillus sp. DS11¢f] glei A pH 4.0--8.02
Hele A AR eY, pH 3.0 ol8tdlA =
2848 YAl ekt o|8ke] Entero-
bacter sp. 4 UM E pH 6.5~8.09'] w2
M gAsH2Y pH 5.0 oldteA= &
2gAg o] Wl

Table 3. Optimum pH,
other oil seed, and pollen

temperature, and Km value of phytases from cereals,

" BE ff phytased] gleir &H 2xe
50~70C9 VP2 40~60T W 284
2l phytased] H]sj vhd Fow, Kmgo
Aol A= 0.035~0.55 mM7EA] TheFst®, Km

£ E49 FAE 2 F4dx7d o o
24 veld  dth 4. ficuwm NRRL 3135
2 B subtilis® ¢ Z+2+ 004 2 0.035 mM
24 AdHez )¢ e Kmig& JERR
1 o] e U E { phytaseol ] 7]
2 <l phytated] i3 712 Hstxrt Afa e
A 4 5 3T
glo] = (Pileggi, 1959;
Bitar$} Reinhold, 1972; Yang %, 1991; Igbal
=, 1994), 7bZ(Muriel %, 1971; Bitars}
Reinhold, 1972), <o}x|(Bitar? Reinhold,
1972) % Abek(Bitar$t Reinhold, 1972; Igbal
5. 1994)8)  AZwy 7lge EF O OH
erythrocytes(Rapoport 5, 1941)oll A £ 4| ==
phytaseol] tis] B o=} o]8f 2 FE

°
).

legumes,

Phytase source Opt};l’;{lum tgﬂggm(u ogl) (ﬁﬁ) Reference
Cereals and products
Wheat bran Fi:5.6 - F1:0.022 | Lim & Tate (1973)
F.:7.2 - F2:0.2
Wheat flour 5.15 55 0.33 Peers (1953)
Rice aleurone particles 40~50 45 - Yoshida er al. (1975)
Corn 5.6 50 0.99 Chang (1967)
Triticale 5.4 45 0.22 Singh & Sedeh (1979)
Legumes
Navy bean 5.3 50 0.018 | Lolas & Markakis (1977)
Soybean 4.8 60 2.4 Sutardi & Buckle (1986)
Soybean (germinating) 4.5~4.8 55 0.048 | Gibson & Ullah (1988)
California small white bean 5.2 60 0.22 Chang (1975)
Dwarf french bean 5.2 40 0.15 Gibbins & Noris (1963)
Mung beans (germinating) 7.5 57 0.65 Mandal & Biswas (1970)
Other oil seed
Canola seed 5.2 50 0.36 Houde er al. (1990)
Pollen (Typha latifolia L.) 8.0 - 0.017 | Hara et al. (1985)
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Table 4. Optimum pH, temperature, Km value, and molecular weight of phytases from

various microorganisms

Phytase source Optél;um g:;rrzu(;r; (ﬁﬁ) ?l/([l;: ) Reference
Molds
A. terreus 4.5 70 - 214 | Yamada et al. (1968)
Yamamoto et al. (1972)
A ficuwm NRRL 3135 22 & 5.0-5.5 58 0.04 |85~100| Ullah & Gibson (1987)
A. niger 27 & 55 - (.48 200 | Skowronski (1978)
A. oryzae 53 50 0.47 - Wang et al. (1980)
P. waksmanii 4.5 55 0.09 24 | Yang et al. (1996)
Bacteria
B. subtilis 7.5 - 0.035 - Powar et al. (1982)
B. subtilis(natto) N-77 6.0~6.5 60 0.5 | 36~38| Shimizu (1992)
Bacillus sp. DSI11 7.0 70 0.55 - Kim et al. (1998)
Enterobacter sp. 4 7.0~7.5 50 - - Yoon et al. (1996)
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03%Z LT vjA A Hdfe] phytase 44
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F9] Ca” A7}7) phytase AiHg EIvhil
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wjA1e] 9l FeFo] uha} phosphatase A ol
FeEct stged 2 29 AdE TH
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phosphatase A§4to] Folzxlcty 3t}
Sakurai®l Shiota(1980)=
Ia, Ib, Ila 2 IIbe] 4 £ 59 acid phosphatase
Z Aabsled, lagk by iAW 91 Tk
olg] FAdo] e ¥ Mast by ol &
ghf R efAW Q1 FEke] o3 Aol £
HE ZAdeZ ®ustET) Al-Asheh$} Duvnjak
(1995)ell galH HA £3E(1~5 mg KH.POL/
110 g oAwiANe 1 H7VA) 4 carbonarius
2] A7k, phytase 484} = phytic acid 287}
Z2A7H ¥E 1 $££(50~100 mg KH.POJ
110 g A uix)e] A+ A= phytase A 4F
2 phytic acid 23] £27F ZoFctn g
o}
F71ef 1 § o] phosphatase AJakel) WA
T 93 phosphatase T4 ¢ ol &
ol daks plAE BEE Qe
S99yl &l&8A (. cucumerinum®] 73 F wf
Aol 27)e] q] o] &3 acid phosphatase
9} alkaline phosphatase2] A B Th= EH])7}
zdd0n sged ow R4 FUH <
of ols] MEH =4I Fx7F HAHEHA Al
E¥o|v} periplasmic space ol 9l H47)
HE 7] dZelgtr FHAT. ARY A4
Segueilha 5(1993)7 Lambrechts S(1993)d]
o8l A S castelliid] 910] wiA g FE7)H ¢

A oryzaedl 7§

=1 Pedregosa



of o] phytase E/do] AetEvin s,

Segueitha S(1993)e] oj&tw U723 A4
MR E F8 A dRos o] LEA )
& 27 wze] FrlE ¢ EFe] 1 mM o

44 phytase Td& Aot stdo,
Lambrechts %(1993)2 < a2 £33 S
TFEZ 3§ phytase APike] o
Segueilha (19903 wlastA 2 WA e o
gheko]l | mM o| 4R E| phytase d4jo] =7
sATH ojg o] WA <l
3k % o] phytaseE H] %3+ phosphatase?] 34
2 Fdlo] FgEe gde A
MacRae 3-(1988)& ®j= o] o] &% Fzizt
WH o 2ME s phosphatase FTAjo] H&F

S W= Aol By

¢

O

castelliiE

ol X =,

(4) ®§A] pH

pHell H] &3 phosphatase
Ade g2 g4 AT whEsA R R Y
pHell wal phytaseZ 8] %3 phosphatase2]
Arkge] ettt

S castelliid] ¢]le] pH 6.0 o4 # ZMW
phytase Z4jo] EFstA H7}E
g HIE pHo
deko g AWrA <l phytases] X
(pH 4.0~55RT % =oo, ozfs pH =4
stell A Fol&3} phytic acidetel &84
T2 A2 <8 FHFy o= phytate-Pe]
237t Ao o1 el o phytase Y
¥ A xAr H7) WEeRn Sgn
{Lambrechts 5, 1993).

=% old 20o]A = pHZ} phosphatase 4
ol Fo dFg rAs aUdeR HIHY
=], Sakurai®} Shita(1977)x Aspergillus sp.
o] 2257 acid phosphatase®] &AL x|
g7 2] pH T+ g F9o pH Wl 95

S W=l 319 o, Caddick S(1986)

28} phytaseZ

]_
a8 "y =

ool
<A
o%.

=

T

AAGHA AT A2 %

o) 4. nidulans®] Qo]
phosphatase2] A &kA 0] 15:1, alkaline phos-
phatase AJ34do] ¥ 9w pH/t =& ZE¢
ol¢l witoiE gAE TR 3T N crassad]
Agd= pH 57 o|&s] A%
phatase®] ¥4 o] =37 alkaline phosphatase T
el @& ®H pH 74 o]l A4 ols ¥
= $A4Egxz S¢ci(Nahas %, 1982).
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ol
o
=
o
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acid phos-

(5) Phytic acid ¥

Phytic acid ¥ %o] phytase A4be] T A=
od kel 3l Yamada S(1968)2 Ca-phytateE
potassium phosphate2 ] X A] phytase AU 4to)
o] o2 A ¢ro}l phytase PAtell phytic acid
= V=] Bade #A7E phytase gAHS
#Hal 7Hd AP phytic acid F ezt
3}9lov, Han S(1987)2 ¢ FTFHe=
Ca;P;0y, Na-phytate T KH,PO4E ¥ w3 2
Pl A CaPo079t Na-phytate 3717} KHaPOy4
off ®]al 48] ©]A} phosphatase2] 4to] =7}
932, CaP07; A 7}7F Na-phytate & 7}ol] H]
g g =& A4s L?'E}"”C’D? & Al =
phytase 4tell glo} WAl M3 s8] ¥
S s o TR YT EA
£ phytic acid”} 9t=A] Hadt ¢ FEYS
bz sheic.

%+#H, Lambrechts %(1993)& ZT@el S
castelliiol  21o] Na-phytate® phytic acidZ ]
051014 423 mM7EA #H7h3Fo] Z71He]
ute} phytase gak4go] Astdntn stR=v,
o] gl 7Zro] phytic acid7} phytase % phosphatase
o gayel dAe GEe wE E5,
AW 1 W 9 FFH ot FpAY
o]8foll phytic acid o] &3 F#Este] ¥}
o] pH @ ol Fgko] AL u[Hch,

=]

r
f|0 ol

rSL'o

(6) 71et 81l

PhytaseE 4] 2% phosphatase AJAte] ©] %)
T 7 gdomE wfRe &&44LH, F
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4 S (dilution rate) B LA wjYA] AH LA
A (surfactant) 59 AHEE = + gtk
Lambrechts 5(1993)2 && wjfo] & S
castellii®] phytase Aitel Sle} wizje <1 g
Z % pH 2o &FT AATn 54
phytase g de]l J&FS mAGL 39
i A FF o5 k7ol phytase
Fol F/h7d vepden, 44 FED=
W Y7A o B4 Gel 93] phytase Tl F
Pda-iam B s R

drtd o Ei"-’r 47 2 Zh "@"1' g &
A7) YF 2Rz AW EHA7 &
o %}EHI(ReeseQ} Maguire, 1969), phytase A3
g Eolzl A% AW BAHA )&
3] Han S(1987)2 iAo AHZEA A
0.5% 592 Triton X-100, Tween 80
Na-oleate B7}E A$ dxo] vlg) z=
138, 1.78f = 4,894 phytase J4FA] o]
7hetgttn 8l v, phosphatase A= Zt
zF 3.99), Le6w] ® 13w FrielH sl )
st Al-Asheh®} Duvnjak(1994)= 7l =fak
S 71EA2 & A dgedA AW 24A H
7vol whzh phytase A4td S Z=HChm 9=
H], Na-oleate®} Tween 802 ZH7}eo| wlg}
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o¥ J> wa e i

* Phytic acid9} phytases] et HFEAYH z2

phytase AJ4FAlo] Eolzl €bd, Triton X-100
& W7ol HE) Aadel AeHATy st
% 2™, Na-oleate2] 2o 1%
o BY AW FHAL o33 Bzl
Reese?l Maguire(1969)% sjxjo] AW 247
270 e GuAeR A FRge) 71
2 qlal xA EH[Fe] FrAET L AL
S T
% gaata shah.

= 751 =] 7].

2t Phytic acid &4 2 HA Y
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714 2 498L
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ot
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A adel A8 % wou s
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cowpea 3 chickpeadl #& TR 7]
8 & % A & phytic acid &3Fo] 7
5HS3 2 wi(Table 5), 4 F&o o

=i 3y '5]-
Q1 Feke] e phytate-P2] H]fo

&
Y

Table 5. Effects of cooking on water and acid-exiractable phytate-P concentrations in
green gram, cowpea and chickpeas (DM basis)’

Phytate-P (%)

Legume Wate Acid

: extract:td Retained extracted Retained
Green gram
Uncooked 0.142 100.00 0.185 100.00
Cooked 0.080 56.30 0.150 81.20
Cowpea
Uncooked 0.090 100.00 0.123 100.00
Cooked 0.032 35.56 0.090 73.20
Chickpea
Uncooked 0.056 100.00 0.0078 100.00
Cooked 0.036 64.29 0.075 96.15

"Source: Kumar et al. (1978).
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phytate-P 20| e
phytic acide} ©f& A&

T2 FY87] Rl

2 & eof

Phytic acide F2b 2ol phytaseo] <=
27 ¢leg EiEHo Al Ax W @
E Aoz AL e ol
Hw Zx}o] glo] ola] phytase EAJo] =
oA Aoz & & Jdrh(Walker, 1974;
Lolase} Markakis, 1977). 4 X&= IFI{E

2ol Aol oa A phytic acid7t 7
4 ®E AAGE Aoz 2¥A ded,

Mihailovic §(1965)2 Yol glo} 2ol A<
ma} 4 2222 249 A3 phytasee] &
& penta-, tetra-, tri-, di- %
myoinositol £ 2 GAEE I §2AE&
dgruk i Skt

oo 9,131 phytic acid Zae F2 %

monophosphate

S

Z4 ol

=27tslE i 3 Oﬂh\:ﬂ(Table 6), o]
= pearl millete] 4% phytase I v 4L o]
A4kt phytaseo] Zhgol o ZAolgtz u

nEE L

A
Ad FEe S H5d FHFE A
phytase 2 0| A E<] 2|3 phytic acid7} £ &}
¥, pure culture fermentation®] 79 #HZ
oo & L EE F3 phytic acid & ol
Zrgl )

Lopez (1983)2 EH3 2 3
914w VB EFse] AdALEE =)
W 595 65%<) phytate-P 7+ 2 Fiske-
Subbarow positive P(%, P soluble in 0.1
HCUTotal P x 100)7} 3.398(89.32%/26.34%)
F7tEen, ol Sepule] wAdEo] A
e 9% ZAH#nm sF

Mahajan®} Chauhan(1987)% pearl milletE =}

.

phytase]

ks =
5ol £50) wel 4ws dE 2as B @ FEAZ A3 WA phytased] 93 9]
o]z, Bxo] &8 phytic acid &) # ¢l phytic acid &% ZA 2L ¢ FZ(%)
phytase &Az7tell T2 A% FAAE Hole A & Jeg=d o)™ A4 ads
Zleg Rol wolel] 2] phytic acid Z+4E pH T 28 229 9& FEPrin sFe
85  phytase Ao s 29tk 9, Kheterpaul® Chauhan(1991)2 pearl millet
(Walker, 1974; Chen® Pan, 1977; Lolas®} 2 A4 @ EAFl 23} phytic acid €3 7
Markakis, 1977). aof uzt AR oA e] in viro 4A3E
28t Khetarpaul# Chauhan(1989)-& ol(24 o] 7jddgien ojzd 74 azxe @i
AlZE, 30C)el 3 pearl millet®] Ca, Fe, Zn, <= we Qs Pl ¢ tiTable
Cu 2 Mn¥ & 27} ojdjZel 4HHCH 5 7).
Table 6. Effects of germination on HCI exiractability(%) of divalent metals (DM basis)’
Treatment Ca Zn Cu Mn
Content (mg/100g) 50 18.4 2.6 0.85 1.5
Raw 36.0 19.4 422 35.2 52.8
Germinated 65.7 34.9 48.8 56.5 59.9

'Source: Khetarpaul and Chauhan(1989).
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Table 7. Effects of natural fermentation for 72 h on in vitro starch digestibility (mg
maltose released/g flour) and in vitro protein digestibility(%) of pearl millet flour

(DM basis)’

Treatment Starch digestibility Protein digesbility
Natural fermentation(C)

20 90.9 64.3

25 90.5 75.5

30 110.1 83.3
Control

Raw pearl millet 17.8 51.0

L e s

' Source: Khetarpaul and Chauhan (1991).

Table 8. Phytic acid concentrations in soybeans and tempeh (DM basis)'

Sample

Phytic acid(%)

Phytic acid hydrolyzed(%)

Soybeans
Soybeans, raw
Soybeans, soaked

Soybeans, boiled

Tempeh

1.41 0.00
1.43 0.00
1.23 13.99
0.96 32.88

'Source: Sudarmadji and Markakis (1977).

e

|
i

Spp 9 millet®] of]  black
gram, 4 3 black gram3 2o ZE(1 : 1,
w v)e] Ad das E3 phytic acid &
oo ois] Hu=FH(Reddys} Salunkhe,
1980).

Atd wFx Yol uAE gGrtel ¥ &4
i@

pearl

r

O

L
9t & (pure culture fermentation)S %39
59 phytic acid #HFE TAAI7] HF
AZo] 2o} g}l Sudarmadjigl Mar-
kakis (1977)= 7}d3t dFel R oligosporus
E o] 83 wio 23 = Z(tempeh) A EA|
phytic acide] ¥ Wge] #F ATsd=
o], Table 8o+ 7FBel 2l&] phytic acid7}
14.0% T4, FF A= phytic acid

]

5 9

Phytic acid(myo-inositol hexakisphosphate or

pe)ye FHet AR F Q9 18-88%F
Az ske el Fa AA P olth. Phytic

FAYARGE HF

o] A4S AHstalg Byt opuagl phytic acid
o AEEY UE ofd, e, vtadles #
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