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Studies on the Activity Balance of Enzymes in Submerged Fungal
Culture Fluid Used as a Substitute for Koji in Sake-brewing

(IV) On the Component of Rice Bran, Especially Phytin, Effective
in Promoting Enzyme Production

Takashige Miyoshi and Gyozo Terui

(Department of Fermentation Technology, Faculty of Engineering,
Osaka University, Higashinoda, Osaka)

The phosphate fractionation method was applied to rice bran in order to isolate the
components effective in producing hydrolytic enzymes in submerged fungal culture. Acid-
soluble, acid-nonextractable and (phospholipids-) fractions were effective in alpha-amylase
production. And alcohol-soluble fraction obtained after precipitating nucleic acids according
to the method of Le Page? had an accelerating action upon protease formation.

Dilute hydrochloric acid extract of rice bran was effective in promoting the secretion
of a-amylase and acid protease, but without significant effect with regard to glucamylase
and protease (pH 7.0). The effectiveness of the acid extract could be mainly attributed
to phytin, which is especially effective in @-amylase production; no cther fraction had such
a remarkable effect. It has already been known that a-amylase formed in young mycelia
of Aspergillus oryzae grown in a synthetic medium® is mostly found in a state adsorbed
firmly on cell wall and is hardly secreted into the medium. Phytin was proved to be very
effective in eluting the adsorbed a-amylase. It was much more effective than inorganic
phosphate. At a concentration of 0.1% in the medium, phytin was effective in promoting

a-amylase production.
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TVBH, FERIREEEBEON aamylase [COWTKRETL, ZORBNEEEL LT, BEicKET S a-
amylase QHEMP~DHICEET S & 52BHI-.
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1. AT JRAJE LT Asp. cryzae Un-3 BEARV, MR : TAEET Y 7Y 6%, swvg 3 Vil
Y —4% 1%, NaNO; 0.3%, KH.PO« 0.2%, MgSO:-7H:0 0.05%, pellet [5il%|& LT 100~200 mesh &
e —2BR 3% (ZhiZTI3 LA L pulp ROBEENE SNE) 2AUEAEMT, 752 2RBMEE2~
3 BOMKZEZE LML TEY, 2 EREKEKICTRET S, Chid o —2 kA0 7 F—EARH
(EYBOBREHREAT) CRAVELMA7ERICER L TREEE L, fOMEAEELE~ . BHALE
HER o — 2B KPHORAREMEERZAICHE MRS B—EH >EE I CR—BIEE L%, %8
LicdboxBBE LT L3 xHEFHEKEE LTk 12,

2. KREFE  ARBRIHHOES TR (B AREHE TEAKRARR) 2B, ) VB ERYDIC
B> T 7. 9785 Scheme 1 1C/RT & S IZBEfEAHE (50 mesh DI E), HBAES 50g % 2C T 5%
SEERBIC T 2 [ (58 1 [ 1 B

¥, 2[BIE304}), DWT2. 5% BEE Scheme 1. Precedure for the fractionation of phosphates
BT T304 LB, APEAasb L in rice bran extracts.
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s Dussolve in by adding so n
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. UYYBOER ) VEROEERIZ Fiske-Subbarow 5 i X » TAHY, EEY) VBOEEBEICK-T
HI5E L7 % Direct-P & LTEDLL, BOMBIC L - THIE L% Total-P & LTHKbH L. Total-P Dl
FICBT 2BAHRIT 0% BERR 2m]l 2Rk EHic: survg—vr I 2aicsy, Mk, BESHZICS
SO IE LB RBNEOERBKEMATE SiIci# (10~304r), £TDY YBAEY YEBEOE LS LBHT 5.
GBRH%LEE 156ml X LTHWRRIET 5. WBBOMRIC 60%:BERB 2ml 2F0 s, HIEEE phytin iC
XL 10N HaSO4 0.5ml 12 & - THAMRETTE - 1A bTFHICER S DNEH - 7. F7MEOHEOEFTR
S BA S I IZREOEEE . '

5. Ca-Phytate  Ca-phytate |37{7K phytin (RF{LERTEMRSHED) £V, FHFERINCENT
BOX¥DXSBFRIC L > THIEB L TRV 2. Phytin 1g (total P 4.7 gmole/mg) % 0.5N HCI 30ml i
%, FORKIC0%ELA VY Y alEik 3ml 202 & Sic KOH i Thfld 5. HURnBILH 008 LT
LEEFIEAE 1 [H< V3R LTHI L phytin % 0.5N HCl iCi5#, H&KE 30ml & Ui (total P & LT 5.65
pmole/mg F /i3 188 pmole/ml, direct P {3 1.14 pmole/mg F7-i2 38 pmole/ml).

ERICH 2> TR DR 1ml £3%0 pH 2B U CRKALE 40ml cmR L. pHiZ5BXT 7.82 L
CCTHE U EEETNEN pH b BB XU pH 7.8 ST (total P L LT 4.8 pmole/ml, direct
P 2 pH 5 /A% T 0.96, pH 7.8 J4#< 0.33 gmole/ml). . '
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Fig. 1-A. Effect of each phosphate fraction from rice bran extract upon enzyme formation in
the submerged culture of Asp. cryzae Un-3.
Incubation condition: Total volume in 100ml flask, 25ml (contained pH 5.2 Mcllvaine
buffer 5ml); initial mycelia, ca. 60mg dry wt.; temperature, 31°C; period. 42 hr.
Medium composition: Soluble starch, 5%; monosodium glutamate, 0.8%; NaNOs;,
0.24% ; KH.PO,, 0.16% ; MgSO.-7H.0, 0.04% ; each phosphate fraction (proportional
to 2% rice bran).
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Fig. 1-B. Effect of each phosphate fraction from rice bran extract upon enzyme formation
in the submerged culture of Asp. oryzae Un-3.

¥k 6%, mﬂ@m&zﬁmmﬁ,Nd«kosﬁ,KH£O4ozm-momwh va~XA¢y—-&m:ﬁ%m
B 30°C) 43800 EAEkE LB 300ml OREKICEEL, K 5ml 2EHHE 7 5 %3 CHE L THRBREST
737z (bml hEZRERIIFEICT 180mg, WEEFEERIIN 60mg TH5). HH7 7 223 100ml =
75 2aZA0, éﬁgizwﬂéfé(Kﬁﬂﬂ&i%%ﬁ&Lwatﬁmﬁmﬁmwﬁzﬂ@cb,ﬁ@%
RIIREKEO b OEER L, Theh 2/6$El‘:"a;_&mz% %7: pH 5.2 McIl'vame ﬁﬁx}{”’ 5ml £&15).
R 31°C 4B R1%, iﬁ%dﬁ&fh@%ﬁ;jmﬁ%mtb bz acliab:y) i Lt@&k lg %iél)@ bm%?ra
HxKp - (Fig. 1-A, Fig. 1-B).

Amylase jcxf UCIZB AKX S (AN, ABa, ABa+A.Ale.+A. D) 7b>ﬂmﬂaﬁ§s#ﬁiﬁﬂ&®zﬁﬂm}r IE{E ¢
W9 2R ERL, o L, N, ND. KRGS RIS BERMO Y ba—n &K Lo 22 UEARS LI
DECRT REREBEFNR BT OT N OB IR L RO —E LS - 7o, BEXS RS T Rmabiz
AUt Lo UBRIESE 20T IRMUTERE L BAN—BBEAERS L, SEMEEZLTEOETEMNL
Td (complete) TN/ DRARIIEL 7.

- Protease it LTt pH 0B s izl <ic ND. RG0#RNTH 5. CORMTIZT I/ BENK ENnE
FNTEBY protease LERHFHLSDEEZ SND.

DECKEL JUORRKERS ARG ERN LT, RERAROBRIRBEH . KEDBE OB AL MR
REBHELRALTHO, BIEKEOBARAEIC I VE I VY —FORDVIC I vy €4 v (Hammers-
ten [Kk) % 1%MNA 1. BEEIIEKEES LT pH 5.0 ® Mcllvaine @&k A A . BUOAERIZ 500
ml Z=A7 523, k8 100ml ThH3.

ZO#RE Fig. 2-A, Fig. 2-B [TRT & D1, 12TFIERE RBRISERER LY, COEBRTRIFARS D
#Rhnss amylase, protease (pH 7.0) izxd LEEHEREL 7. LH LOTHIZ LTHRAKGKS, BEXS
12 amylase ARRICHETH 33, BEE, BHBERSREZIARKLUTHREL, F7- protease TIIHKIARINBR)
BaELTEY EFONS.
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Fig. 2-B. Time course of enzyme formation in

the submerged fungal culture added initially
with each phosphate fraction from rice bran
extract.

Fig. 2-A. Time course of enzyme formation in
the submerged fungal culture added initially
with each phosphate fraction from rice bran
extract.

Incubation condition: Total volume in 500ml
flask, 100ml (pH 5.0 Mcllvaine buffer);
temperature, 31°C.
Medium composition:
a) Soluble starch, 6%
Monosodium glutamate, 1%
NaNOs, 0.3%
KH.PO,, 0.2%
MgS0.-7H.0, 0.05%
Phosphate fraction
(proportional to 2% rice bran)

b) Soluble starch, 6%
Milk casein, 1%
NaNOs, 0.3%
KH:PO4, 0.2%
MgSO4-7H,0, 0.05%
Phosphate fraction
(proportional to 2% defatted rice bran)

0. BYEEAECC phytin OFMYR  SERIKEVTEDERD 0D b, &L ICETEKS
OWTX IR AN, TFMmBFRAE HCl MmcEz, 10580 HCl toEibfut (158 &
K UREM T 3 R 24778 » THRAGHMBRIC OV TIRMMHRELE S, EicHihKkE KOH hfnglormE
BTk > THEEBY (3K BXULBORMIEREBR LT - 72, PRLBI- R A L EET 2,
Fithizi3M 1% @ phytin B8 Y REELL TR EYEY, #0%£< 3 phytin &ZZ 503 (KOH e
TR LD 3 [E/KBER OB ERIIBARN 10g b 2% HClL #Hivfhiti o4 1.4g, RS 1.0g,
0.2% HCl &E¥#hih 0.59g, FIREMIL 0.74g TH -72). L7chi- THilk phytin &G & FEHCIRINRERE
1118 - 7o, SEHUAHRRIINE 6%, BT v £V 0.1%, Urea 0.1%, NaNO; 0.29%, KH:PO. 0.29% T b
MiIE 2% M BERM L. Fig. 3 K2 O#EREART. HC i fEMicB0TIE, WIn & EBESER
2R L, MHBEORMIZEQ KELY aamylase OLEABEINL, X SIcF03RZPMEBYO K ICH
5 &b b, FAAER phytin (Ca-ph.) ZFRMUABSSENTH - 7. T & ABEERIE T acid protease
B TED SN B, glucamylase I[T3EST WD SN, T i protease (pH 7.0) 12—F LI-MEAIHHED
SNIED - 7.

DEICHARSFDOFEREEZ 515 phytin 2L DB, TORMICEZLEFHROKNRA (Fig. 4) XU
ZOWRMBO%E (Fig. 5) 2 Ui, Phytin ORMIE a-amylase (o LEZTH D, BulgiziE i vk
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Fig. 3. Effect of acid soluble fraction from defatted rice bran extract upon enzyme formation
in the submerged fungal culture.

Medium composition:

Extract condition for defatted rice bran

cf. Fig. 5 except rice bran extract

(1): 0.2% HCI (boiling) (2): 2% HCI (boiling)
(3): 0.2% HCI (shaking) (4): 29 HCl (shaking)
A: Defatted rice bran extract, B: Defatted rice bran extract+Ca-phytate
C: 0.29% Calcium phytate, Cont.: Control exp. without addition.
3 2
1950l X100t
Bl
401 E [ ol
‘é 30t § L. S 3 O——0 0.15% Ca-phytate
g ~ 5¢ O----0 01% ”
o 201 b1
~ 8 Lr——AN 0.3% ”
.%R 10r = X x  0.15% ” +rice bran#extract 2%
Obp—m—2====s £ ol ,. o xeemx 01% s+ ”
° %?“e ?,,8,) & 0 48-”,“3 {hr) 2 OO rice bran¥extract 2%
a—Amylase Glucamylase e~——@® Control: no added
100} 5 L 200} ~ pH: 55+1.0
80t )::—PQ : 80F n\\\\\\ # : Defatted
E', col ¥ N 260- - \\‘___.\J S Liquefied rice flour medium
z “o £ \ Composition: Rice flour, 6% ; urea, 0.1%;
o a0t §4o~ N NaNOs, 0.2%; KH:PO., 0.2%
£ ook N, | o ——: Medium with milk casein as nitrogen
R Sp— al 20 N .
o L < ‘o source (¢f. Fig. 2-B)
» r 1 0 %IJ; A,
OO 33 48 72 72
Time (hr) Time (hr)

Acid protease

Protease (pH 7.0)

Fig. 4. Time course of enzyme formation in the submerged fungal culture added with
calcium phytate.
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WEBEHRIKRED, LOBRKICOVNTIR Fig. 3 e 3 {
ER UK Fig. 4, 5 jBUT acid protease 2 %Dk EBOO —
MRNRHSERD 50D, RINBICOVTIE 0. 1%DHM S600R T
TH+4TH%. a-amylase icxd 3 phytin O ;400 T
KRIx Dunn 5908 Asp. niger XL, HFAHO | §e00
Asp. oryzae DIERICH LTHEDTED, ZhsEo ol oz o3 £ 9% ol oz o3
£3154 0= X ACHIICIERT 3 A5 5 BT o nytote (%) Mo
FICRBEITIL 5 72,

I. E#A a-amylase OMH(CH3 5 Ca-phy-
tate OYE BB DOEET 5 a-amylase (2E{AR 100} 200 .
SNCRD B, Tonomura 59 i3, O, BKA 3 T
a-amylase PHIMBMICEELTHD, ZOMBIZY S sok 71/’" £ 100
vRRIRE (M/20 2Ib), pH (pH 7.2 DIE) BX T E N ‘

VY RTF oy FEE->TRESINSZ CEE2HE LT Y o\ : s - N o’?‘r—fﬁﬁx\ -
3. : 0 O.l 02 03 < o} ol 02 03

Ca-phytate (%)

Ca-phytate (%)
Acid protease

cZ f‘ﬁ:ﬁ;ﬁ&. LTW3 phytin oiE#ICET 25BN protease (pH 7.0)

RS, ChEBLOBRFRIcCHS & bEZoh, FL 5.5} —init. level :
BRI B O TARORRET - 72, z 5,o£f”"""x
Bifkiz Asp. oryzae Un-3 % 500ml Ezﬁi 77 n4'5#//'\_‘
TITTHIEE (E5 100ml; B © EREHE R aoli o
U, 2 UFIAME S v 70 % 4% &+ 5 330°C, 508E) . O Comytare 1o
L, Z0BG%E KIF8ICT £, ®EkicT 3@
(100ml, 50ml, 50ml) K¥EAH LTHOS (wet wt.
27.3g; dry wt. JTT6.55g, ra—2RRER LR
V2 EERARIZG 3.8g). | ’

WepBiAIZ Scheme 2 OFIFICHE - CBEHINE

Fig. 5. Dependence of enzyme formation upon
the initial content of calcium phytate in
the medium..

- Medium composition (%)
. . ’_0 X om o X

Rice flour 6 6
B, TORUMEEE RUMIEERS) &1L, Rice bran® — 2
N 5ic Ca-phytate 7 & OMEWEATEN, — (extract). .
) . Ammonium lactate 0.1>. 0.1
TERSRTf U oig, ZDLBOBREMEZRE L. Urea - 0.1 0.1
TORER%E Table 1 TR, BTE%EPE (No.8) & NaNO; 0.2 0.2
KH,PO, 0.2 0.2

BHLEBABRELIZIZE A ST hhb 53 31°C 48 hr incubation
HAE ICHMBREE R4 a-amylase B4 AETE L, #: Defatted
SN S DBEBRAHE—M/20 ) v B G pH 7.55 % 1% NaCl ic X - THIh#EHIC a-amylase AS¥EY Lo
<%. Table 1 it% 513 & 3z Ca-phytate soln ERMULIGE (E8 No. 3, 4) d2h o bEEEDEN
D3 BB 51, pH 5 CEBNTOTAIRIE -7, T2 S IFERIIC o1 DT HPNTHD., —
TR 6 X OBE R LB LT VRS EES Ca-phytate ZEMMLTHE L BIRIZEH - 72,
COLSEHRERIT Ca-phytate DERMAEHAIE C & &I a-amylase (MIIEBICETR LT 5 EEZOSNT
W3) OHIEEEX D DEBICH B EEZ B, WEAL/: Ca-phytate soln HICEEN2 Y VEREBEIR 1 p
mole/ml LIFL DS DG, BEBBIRDE & bEBIICATNEBEIY) VA 4V ICE 2 bO TR,
PEREREROTEOHREMERTH 7. Table 2 O & < dighikE b Hih U7oRERIZ, MRRMED 7 —
% (Table 1, Table 2 No.8) & H~Y Y BREBROMBRIRESE > T B, Uk L Ca-phytate d%hRIZREE
DBEAELEDLSTHEREDEATDH, WD 5 THMEICENRED Sty (No. 5 No. 8). U b iR RS
LI HBIINT 223, TDOKEIEEIICRS N, 5o 2° & 30°C EOREMZESKREIZML (No. 1
& No. 4, No. 2 & No. 5).
U2 L Ca-phytate @ a-amylase RMHZHRICIZY ¥ =T F o FOBEDX 12 vEREDORBIZZD S 57
3 OEINHE Shish - 1o,
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Scheme 2.

Treatment of mycelia and mycelia debris for extracting a-amylase.

Mycelia 8 g (wet wt.)
+30ml 2°C dist. water

Sonic disruption 60 min

in cooling ice water

Centrifuge at 6,000 xg for 10 min

Supernatant

No. 6

|

PPT
\ +30ml 2°C dist. water
Centrifuge at 6,000 Xg for 10 min

Supernatant

No. 7

Debris suspension 2 ml-+dist. water 10 ml, extract at 23°C

|

Myecelia debris
Suspend in 9 ml dist. water to make
total volume 12 ml——Debris suspension

+M/20 phosphate buffer -pH 7.55 10 ml, extract at 23°C— ”
+Ca-phytate pH 5 soln** 10 ml, extract at 23°C ——— ”
+Ca-phytate pH 7.8 soln** 10 ml, extract at 23°C —— ”
+1% NaCl 10 ml, extract at 23°C ”

Culture filtrate

Exp.
debris extract

Two ml of No. 6+M/50 EDTA 2 ml, stand for 40 min
+M/10 phosphate buffer (pH 7.0) 2 ml, stand for 40 min
+Ca-phytate pH 5 soln™* 2 ml, stand for 40 min

*...In No. 1-11, 6,000 g supernatants were used for a-amylase estimation.
*¥...Calcium phytate solution; pH 5 soln (total P, 4.8 pmole/ml; direct P, 0.96 pmole/ml), pH 7.8
soln (total P, 4.8 pmole/ml; direct P, 0.33 pmole/ml).

Table 1. Activity of a@-amylase in mycelia extracts obtained by the procedure lisked in Scheme 2.

. . ) “Direct” phosphate by method
No. Extra(c!g;);l) time pH « (I%Jr?zllf)se of Fiske-Subbarow®
A (pmole/ml)
1 10 0 0.044
) 40 (6.2) 0 0.06
2 10 7.5 16.6
40 7.5 17.6
3 10 5 15.8 0.96
40 5 17.6 0.98
4 10 6.9 13.6 0.31
40 7.8 15 0.34
5 10 6.3 12.3
40 6.5 12.5
6 (5.7 3.8 0.87
7 0
8 6.2 0 9.0
9 1.6
10 1.6
11 1.7
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Table 2. Extraction of a-amylase directly from myecelia.

Methods of extraction were as follows.

Asp. oryzae No.*
Mycelia 2 g+M/20 Phosphate buffer 20 ml ] extract 1
+Ca-phytate pH 5 soln 20 ml at 2°C 2
+Dist. water 20 ml extract 3
+M/20 Phosphate buffer 20 ml . 383 C 4
+Ca-phytate pH 5 soln 20 ml a 5
Culture filtrate 6
Sonic extract 7
Disrupted mycelia+Ca-phytate pH 5 soln, then extracted at 30°C for 1 hr — 8
No. 7+Ca-phytate pH 5 soln 9
; ; “Direct” phosphate by method
No. Extra(c;i?:) time a-Amylase of Fiske-Subbarow®
(U/ml) (gmole/ml)
15 2.1
1 30 1.9
60 2.0
150 2.3
15 6 0.93
2 30 6.8 1.02
60 7.5 1.02
150 8.3 1.04
15 0.12
3 30 0.14
60 0 0.15
150 0 0.18
15 2.5
4 30 2.8
60 2.8
150 3.5
15 7.5 0.97
5 30 8.8 1.08
60 11
150 10 1.08
6 (pH 6.2) 0 8.4
7 0.4
8 12.5 0.96
9 0

*...Extracts from No. 1 to 5 were obtained by filtration, and No. 8 by centrifugation at 6,000 < g.

DNCHIR A B UBEE 30° I TR LB A0SR Table 3 1c/Rd. EMIIRKE, EREL L TRE
L7384, Tz Zrva—=z 2%, NaNOs 0.3%, KH:PO. 0.1%, MgS0.-7TH.O 0.02% DIEMMARIC TR
BUBATHS. REF, ZXRELLOHA, &% 6 % phytin ZRMLAdDRVWTID a-amylase
DEMDED SNED, 4/ ¥ b=, YVEBAHY (0.3%), Ca*, ATP BIUEERMD DO TRWINGE
HIZIFEA EED ORI, TR BKICBO TR phytin ZRIMLcbDIE, ZOEMIIHFDEL 6
BITAEE K LTWE T Ehsbhr s, MORMPED b DI 12KMBIC TEMESRY 5N 555, FERHCER
MmoboTHREBD SN, ChiREEDOA—+FY X, pH OtR (pH 8) wwkahitiEEZ 51, phytin Ll
Ao b OOERMIC & 3 EBEHZE S D0, & THORERE, ERFEHRMC X 2R THE Ca-phytate:
PIAD & O TRE®ZI2EEKICE O THED Shign.

INODRER LD, Ca-phytate HHIFEFEICHT AR OBF LTV E LB ONEH, BRELE, LI a-
amylase KA UTIREERA~NDIIC, FhBEEMCEBLLOLDEEZ N, TOMKRKsS S phytin
BELTHIDTHRED - TED, Ca*, YYBAAY, 41/¥ b—ATRINICHET ZHREL EHRLENT
&i)ﬂ’)ipofl.
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Table 3. Effect of Ca-phytate and related substances upon the liberation of a-amylase from

mycelia in non-growing (No. 1—9) and growing (No. 10—14) conditions.

Mycelia suspensions were shaken at 33°C.

R pH a-Amylase (D3§7/ml)
I\? n Suspending medium
0. | 6 hrs 12 hrs 6 hrs 12 hrs
1 Ca-phytate 0.1% 7.3 8.3 60 75
2 2 Ca-phytate 0.3% 7.7 8.1 25 50
3 8 A.N. fraction in scheme 1 7.2 8.0 50 75
4 E; Precipitate in Fig. 3 0.2% 7.6 8.1 60 90
5 8 | Inositol 0.3% 7.6 7.8 0 38
6 B | Inositol 0.3% plus KH:PO, 0.3% 7.1 7.4 2 33
7 % | CaCl,-2H.0 0.2% 7.6 8.1 3 66
8 A ATP 2mg % 7.6 8.2 0 60
9 No added 7.1 8.3 3 75
10 @ | Ca-phytate 0.3% 6.7 6.1 30 82
11 *D* Inositol 0.3% 6.1 6.3 0 0
12 & | CaCl2H.0 0.2% 5.5 7.0 0 0
13 g | ATP 2mg % 6.8 6.2 0 0
14 = No added ‘ 6.9 6.5 0 0

*...Glucose, 2% ; NaNQs, 0.3%; KH:PO. 0.1%; MgSO.-7H.0, 0.02%
Strain: Asp. oryzae Un-3

Mycelia used in these experiments were grown for 55 hr at 33°C in the growth medium of the

following composition: soluble starch, 4%; MSG, 1%; NaNOs, 0.3%; KH:PO., 0.2%
MgSQO,-7H:0, 0.05%; cellulose powder, 3%

Alpha-amylase activity in the 55 hr culture filtrate (pH 6) was indetectable.

= )

1. KoY VB BRI ARG U TR EE~O R LR, amylase icxd L Tid, BAAK
4y, BEXS, (BEKS) BEBSERTHD, protease (T LTIZ, & KBRS DGR TEH - 72,
2. KEREEE Lo, MlEE KOHHEO KOH higb#X s o RN, a-amylase, acid

Pprotease

HEBECESTH Y, glucamylase, protease (pH 7.0) ICIZHFENLENL SNITH -1z,

3. EEmE T REBX S0 KT phytin BBPEEZ X SN, &< phytin £20WT, ZORMMEEH
~% & a-amylase AEICK UL TRKXIERIRIEED SN, MBI acid protease HAFEICHERL T & 25hd - 7e.
Phytin IRMBICOWVTIT 0. IBRREDRINTHHEZERA SN B,

4. a-
TWhaE
- 7.

5. #
Tl 5.
HbHHT

Amylase I3BEBERHFICK->TR, ZOREAEBERI DT, £ oidF L UTHEREECEE L
T 5N TWB D, Ca-phytate D a-amylase H£RICKd 23 RIZ, —DiIcZ2DEERICH B T & 5bh

fua i UM EE X i UsgEktE© Ca-phytate AERI09 5 & a-amylase H39 &A-vhichit Sh
HEAROEA TS Ca-phytate [T X > TRV EPHICERICHHE I, POoEFNSOEEDRIT
B,

6. Ca-phytate D#ERKSITHB4 /¥ b—n, Y UB, Ca 44V ERMTIZ ED XS BHRIZED I

R A

%7 ATP & phytin O LS EEECORRIIRBINITL.

AAFDOERKT196IFE HABE(LFERSL BTHEL .
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