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Starch granule

Amyloplast
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Fig.1 Observation of various amyloplasts and starch granules by scanning electron microscope

a: rice amyloplastand starch granule and b: potato amyloplastand starch granule.
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Starch gel

Fig.2 Thermal behavior of starch
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Fig.3 Starch, amylose and amylopectin model

a: Starch model of Nikuni, b: amylose model of schoch, c: amylopectin model of Hizukuri
and d amylopectin cluser model of Nakamura.
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Fig. 4-1. Relationship between amylose content and thermal and viscosity behavior of various

starches.

a: pasting temperature and b: peak viscosity
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59, 51 BL B2 LKL 72, V¥ HAEBIOYY~A/EL, K, FUErz
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Fig. 5 Viscosity profile of various starch granules
——rice, s maize, ------ wheat, - ---sweet potato and ----- potato.
Table 1 RVA parameters of various starches
Pasting temperature  Peak viscosity Minimumviscosity ~Consistency
(C) (RVU) (RVU) (RVU)
Rice 771 103.8 58.7 751
Maize 85.1 946 513 440
Wheat 92.4 77.5 52.0 57.0
Sweet potato 76.4 236.7 131.6 59.3
Potato 66.3 513.8 201.8 373
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BRI CTREREZR IR OGN o7z, 7 I rXT FUAIHORERE A1, KR
TEITEWR R LN, KENETRBMEOE N a HOFIERE <, I
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TS AATEENDZ R TE (mg/ T T 100g) ITEIFIC Lo TR D K
MET.3 EHEBEL, WNTRYER I VB LOWIENRELL, YA EBLO
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FETDIEERII X VRV LRRICT 7 OREFEICE > TRARY, &b
Mo T2 KN 3Tmg/7 272100 g THY . IRWT/IhE, huEra v RnE<,
Ux AT, YA EFTD7< 100mg FREETH o> 7= (Table 3),
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Fig. 6 Observation of various starch granules
by optical microscope

a: rice, b: maize, ¢: wheat, d: sweet potato
and e: potato

lodine stained . Scale bar = 50um

-13-



Table 2 Amylose content, particle size and content of amylopectin chain length of various starches

Content of amylopectin

Amylose content  Particle size chain length (%)

t%) (hrm) a b, b, b
Rice 20 5 372 466 105 55
Maize 20 15 220 613 130 34
Wheat 22 24 340 521 109 29
Sweet potato 19 20 223 591 139 39
Potato 19 40 245 589 119 39

Table 3 Protein and lipid content in various starches

Protein content Lipid content
(mg/starch100g)  (mg/starch 100g)

Rice 67.3 £ 2.5 371.3 £ 43.22
Maize 57.3 £ 2.1 218.7 = 21.4°
Wheat 37.0 = 1.0 330.0 £ 23.42
Sweet potato 147 = 1.29 99.7 = 5.0°
Potato 10.0 = 1.0¢ 101.7 = 38.4°¢

Results are the means calculated from three experimental
replicates. Data marked with the same superscript letter within a
column are not significantly different based on the results of
Fisher's PLSD test (p < 0.095).

_14_



2.3. T T U OSy & BT LUK ERE) & OFH BT
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Sn—RAEE, KR, 7TIaXrFrda, bL#i, ¥\ VEEBIVOIEE&E
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Table 4 Correlation coefficients between viscosity parameter and physicochemical properties of starch

Amylose Particle a b, b, b Protein  Lipid
content  size chain chain chain chain content content

Pasting temperature 0.88 -0.42 032 -021 -019 -049 0.48 0.45
Peak viscosity -0.77 073 -053 047 039 0.06 -0.84*% -0.82%
Minimumviscosity -0.76 059 -055 046 054 0.05 -0.87% -0.87%
Consistency 0.33 -0.86 064 -072 -0.28 048 059 0.53

* indicates significance at p<0.1
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RWEERENRE LN, FZCHERT > 7 OBWIF L OREE %8 L OB %
T LI=L 2 A, TP AFET DX U EERIREEIIKERER L O
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WELATEE (16, 000X g, 4°C. 14)) 24TV EBIEAIEE LT7-, Z O#E/EE 5 Ak Y
WL, @E7R CBB 2k Lz, 6N iEIT Inl OfKICHRE L. A28

217,
1.5, BT DX LRI EERE

Bonl-T v AT AN EEIZTIE L6 KL, CNa—& —|Z
Ko THIE L=,

1.6, TUTUNAFHET DX NI EBIOIRENT v 7 O B L O
BRRICH % 5 R

Fo O BREORIEIZ Min 5O HE Y E2 kB L T{To7,
F o7 500mg (BE &) & 50ml BimTF = — V& L, #iK 25ml &0 % .
T 7 ey 7 EE-E DTU-2CN, %A 7 v 7 %) Z AT 60, 70, 80°CT 30 4y
PR L7223 MR U7, SRIE 2 im0 40 B (9, 000X g, 30°C. 30 4y) L _EyR &
TR rBfE L, I O E R % Wa), WSR2 VD-800R L (¥ A 7 v 7 #1)
WL D% OEES W), EEEOMERE%ZOEREY W) & L7z, R
() BLVTQICTENENR AN L OEREREZE I LT,

(WA T (g/g) =Wa/Wb  (2) ¥&FEZE (%) =Wc/0.5X 100
1.7. RVA|Z X 2B\ X Ok X E O fiftT
BAERT 7 OEWIE KON T 32 1.5, (ZHE T, fRbT L 7=,

1.8. T 7 VO MARENT

BT T PV OEFER ZOMPERE LR S 0 H ik & — & LT
Tote, FAET 7 OMULRE B OIATIC TR O N Z 77 A F v
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7% — L (03, 5cm, & & lem) W20 LIAARA (25°C, 20 /90 . S7-% L., 4C
(2T 24 BEREIERE L CH/ NV EERL U 72, VOB, ol d -5 (==
B I NVEHNCTARGAEZNE L-%, SHEZEB L,

1.8. 1. EEMEATEIEE (SEM)IZ KD TF v 7o 7 VO NS B2

F TV ONEREEBIEITRR S DGV B S E L {Tol, I
L6. LIZTER L 727 v % bmm MICEMI L, 2% (v/v) 7L Z LT VT & BRI
1 BRIE S, BUBFZRIEE Lz, BIEESZOEHT 0. 2M U U ERFRTE K (pHT. 2)
(215 pRIES T, ZOBEZ3ERVIRL, ROBRINVINVT VT E RER
E LT, Tk, iEE 2% (v/v) MR LA A X 7 AERIRIZ 1 BRIZIE L, ZEE L
7oo PRIEER OFEE 50, 70, 80, 90, 95%(v/v) T4 / — LVIAHRIZ 15 73§ DR
Bk, AKX ) —/WZ 156 4y, 2 [ERRIE S MK EZAT o 72, iK% Ok
X t=-7F T a3 —2 30 47, 2 EIRIE S, 4 CICTRMEE S0 bl
it HL A8 E2030 (H S 1S CHZBSLER 21T o 7o, WoEslRl 2 B U, Ellrm 2 1
T ARy X —E101 (AN ICCTASNT VU LA RER, EERE 1M
S—-4800 ([ S7.AL) A2 F LIEEE 1. 0kV DO SAEIC TH L O NSRBI 22 21T -
77
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2. MRBIUOEL

2.1. TUTUMLDH R ERE

BT 7k CBBIC TR LT & 2 A, RWEE L il UBIELER Tl
P EAWICRE REZRIIA SN -T2, BRY VX BB AE{TH Z L T
CBBIZL DT v DRBEASNPREMK T LA (Fig. ), EZ TN a—4
—EHNWCT VTN T DX R E R Mg ZE L Z A, RIOLHET
YATT T 100g BT 67.3 THHTZMMERY XL CIE19. 4 L7
DR X R L > TBEZ 109D % 37 N b Lz Z &S
MmErpotz, — MBI LT v 7D R EEIT64.7T L Z X0 BHD
A b EIZB X Z 3. 9% T TH o 7= (Table 5),

2.2. FULUMNLDEERE
rsuanafR)Lhi AZ ) —)VIRIRIZ X 5T 7 100g 7= 0 OB & (mg)
1Z191.0 & 720 FT U T UNHFET DRI OB L2 50% 3 rES Nz, £7-

0. 1%NaOH I5#& 12 L AR E O E1X 10.7 £ 720 . 0. 1% NaOH AR IC X D IEE D
HEIL10.7 L REEOB L ZF 2.9% & D72 vo5 7~ (Table 5)
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Fig. 7 Observation CBB stained each treated rice starch granules

a: control (untreated rice starch), b: depronaized rice starch and
c: defatted rice starch

Table 5 Protein and Lipid contents in each treated rice starch granule

Protein content Lipid content

(mg/starch 100g) (mg/starch 100g)
Control 67.3 £ 2.5% 371.3 £ 43.22
Deproteinized 19.0 £ 1.0° 360.0 + 3.22
Defatted 64.7 + 1.08 180.3 = 16.1°

Results are the means calculated from three experimental replicates.
Data marked with the same superscript letter within a column are not significantly
different based on the results of Fisher's PLSD test (p < 0.05).
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2.3, TUTVIHFETHZ NI EBIOIEERNT 7 v OB LY
p oy e ) [ N P g - A

FALHT T DR L DT (g/e) X, =2 b e — /LT TRED L5
- THAME O ER PR SN, Fio, BREY LV ATET 7B LOE
T T B0 CTIEa Y ha— L EZRIH LN T2H 70 B L TN80C
THEICE WM ZR L, 80CIZHEWTIE, ALV AV EF 713161 &
L SMEWET > 7 1310.3 L 2> b r—/LO 1. 2fEE W 1 2R LT,
SO CIZRIT HMMWELT TR bizay b — W e_EmWIEE D 2R LT
ZEND, TUTNFET DX RN ERB L ONREIXT v 7 RO & )
W DHEREZ FFD | FFIC X VR BNV A R 2 E SR ST, F,
FEFRE (0) 12V T WALEE T o 7 U RLT m WIsfiRMEZ o~ L, 80CIZEB W T, =
Yha—D2.TIZX L, ZFUNRTERET I ALT.8 ER2.96%, BT
YL 5.8 TR 2 {5V ME & 72 0 I ) & Rk D@ & Zr o 72 (Fig. 8), K
SiX, TV URIORBEEE D LOIWIRENGFAETHZ LT, T 7 L hLOB
KMENREEY . T T UROBEANGT b Z & /R LTS 2, K
WEDOBIBIC LD KT 7RO T, WIEED EFITT 7 RO BRK
FENMETTAZEICERTA2LDEEI LN, ZOZENLT 7RI
BKMEDE WS R ERBIHEELTND Z ENHERS N, ZOBUKMES v
RIBENREESND Z L TF U7 RO PRt ER L= b o & HESR
L7z, b Z vt KT U AGFET DX 37 EB L ORE IEIC
X DI 2 MH 3 D RE 2 o Z E MR S, T ORBIT X LR E DR
DRENWZERHLNERST,

BUFLT > 7 % RVA I L7255 % Fig. 9 B LN Table 6 1Z/R LT, BR¥
VAV -V Ik ke ;<rﬂﬁm%w%y”i4o%ﬁﬁFL\mﬂﬁ%&ﬁizw?yfywi
T D FIRIEFRICB VTR Y R BB X » TKT v 7 ORI M
KEL L Uz, DIRRALEE I LBIAAIREE 13 1. 6°CIK T L, FRFFOREE 5.
HRORMIEMANZ Y7 R L. TS OB RITIERSY X T HABRIZ L NS Do T2
N, HEREEE RVU) 1XBR & o X7 EALBRIC K » TR T 7 0D 1.1 1% & 88
L. BABLERIC K> T 0. 95K T Lz, F7o. FcmkhEERF OIS 3R T
B LOMBEET 7 TR 95 CTH o722, BRY VT EE T
YTIX 2. TC T Lz, EREIET D E TORAELRLEE 1 & L=
SHECTHH L7fER, BRY VR BT 713 0. 65 & 35% DK 28/ 5
oo —HMIRALERTIZZ OfEIX 0. 95 & RUUEE L KX e =BT R oo T,
TUTURIDE N TENT T O EIIT A ERTH DL Z L, R

EIFMIRE OEALN ST 7 OFEFD HIRAH~ DB ZE BN K & 7 8% K&
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FTZERALNIC Tz, BUIRLERIZ L - TABOZFEE R R T 7
P ARLRARIRIRI AT L7228, %30>2£4K:id>it< . E TR ORI
BN DN T, Flo, BIBRELL D | BRE VNI LK T 7D
J7H3 . WK DMIEHE L BRAGIREE 3o X O B R EERF O EEDME T L7122 &b
JEE LD b Z T EPMIE KOREZEENC G X DB R RE NI &L
eI oT,

WL L7eT > 7 v ORI RE & SO 3 2 B RS FE (RVU) 1, RALBET > 7 33
58.6, MIMLERT > 7" 3f 60 ERORIK T LD RERER I IA LN ST,
2N TEBLOIREILT v 7 ORUBIRIE ORI K & 7B % KF S 720
ZEBRHBLMNT RS T,

WTNDOT 7 vt RVA DOIRERBREI T 85°CHHE D BASE EH- RN A D,
R T > 7 TlE 66 CHHITE CRMIZIIN L=, —F., BREZ VBB LD
AR ALERIZ K > TE DB OREEENNIARIZIZ 2V . FRICHUIR LR CIIRh B 5
INE L Z DIACKEE RVU ITAREET > 7 N R 23% 1K F L7=, RVA D%

IR DO, BRI X > THRIIE LT o 7 U DK BREGIT L 0
Al (L) + DR &2 )O LT %, Ohashi S I13HHUE LT=F o 7 v O et
CIEE NV IAEND EELMEESND Z L2 WEL TR Y P, BIE0LE T
REEEHEINA KR E KA LizZ Lk, T o7 RO E N L= v 7 0¥
RICBEZRIZLTWD I 2 RmRT 56D THD, —J, BRZ /7 B
TORRERDIIH 5% EENTH Y | [T > 7 v O AR TOXREEE IO
KERBOOBERNIBE DA TR ERHEEINTZ, KT 7B 51K
WORULT > 7 DRACICT > 7 RUAFET D X X7 R R&E L 5T 5
TEDHEE SN, TR ko TEHAMERE L 20 Rkt B L
5. T UL UANLHET DX X B OBKNIMEERNT v 7 DEALEE
52 LRI,

_24_



~—
1Y)
~—

Swelling power (g/g)

(b)

Solubility (%)

Fig.

-
(0]
J

-
(@)
1

N
N
1

©
1

(@)]
1

w
1

o

10 4

60 70 80  (C)

8 Swelling power(a) and solubility(b) of Various treatment rice starch

|: deproteinizaed and : defatted rice starch

B control, |

N.D. means Not Detected.

Results are the means calculated from three experimental
replicates. Data marked with the same superscript letter
within a column are not significantly different based on the
results of Fisher's PLSD test (p < 0.05).

-25.



160

100

80 O
5 120 E/
i S
= 60 &
= )
@ 80 o
o) €
@ 40 &
>

40 !

20

0 =0
0 5 10 15 20 25 Time (min)
Fig. 9 RVA profile of various treatment rice starch
Control ~ ==---- Deproteinized rice ............ Defatted rice
Table 6 RVA parameters of various treatment rice starch
Pasting Peak viscosity Minimum
temperature Relati viscosity ~ Consistency
e (RVU)  (c) TeEIVE vy (RVU)
joule

Control 771 103.4 950 1.00 58.6 751
Deproteinized 73.1 1159 927 0.69 51.2 67.9
Defatted 75.5 893 950 0.95 52.8 50.3

*Calculate calorie as control is 1
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FIOPERIZOWT, BIAE @) 1Tz hue—, JBERE. ¥ o7 8kE
T%ﬂ%ﬂ%? 80.6, 36.9 £72 V) XU NTHRETIET VOB EIL LA
FEEMRETIHRT Lc, £72, S (gw/em®) 1BV TIX 6.9, 5.3, 9.8, &
ﬁ@&/A7E%%£Ltﬁwi@éﬂﬁTL JRERETII EH T Z &0
BHo &7 o 72 (Fig. 10, Table 7), ¥ v /N\V'E&FRETDHZ & TR
THEBIIME SN TRV, T 7o R EOREC X0 NS
N EF L, BB ES N2 & TR DWW IV ETERT 2 R TIE /20 e
MR U7z, BUARALERIC IV T, IR X7 BRRE & RIRRICARWLEE & bh X
EHLTWEZ e, FAOMHRICEALTHHELIERERICRD EEZ BN
TN, PRI T AR Loz, ZOX IR VoMikoERIZT T r
IVONEEEDZRIZERT L0 EHEER LT,

%:f?yfyﬁw@ﬂmﬁ%Wﬁb TOWNEHEEZBIE LT, By X
JHEMHE LT 7T, iRy N — I EEPBIE S, Mk LT
VT DL B HIEE %mﬁbiﬁ®%wﬁﬁ#%&émt%@k%%bto
—J7. RAHI L OWIELELT o 7 TIIEBIE NS < . T DK 9 7R x
v NU— 7 OB Do T, BRE VNI ENRT Uk, AN EE
MRS L ORI T > 7 AN RKRELS WO LT D, ZDOZ &b,
%ﬂﬁ%;@%%kﬂ?yfy?i&yﬂ7gﬁ%%ﬁ*y%7~7%E%%

TR, FRENSLBEINTZLDOEEZI LN, FAOEEN DAL
ﬁ7/7/®ﬁw® BOAME & B S OFELABRET H Z L3 T 72 (Fig 11), LA
X0, FUTURIIFEET DX U ERB X OIRE IXT v 7 0B LY
FEEFEN B 525 Z ENH N e T, o, XU NI EDOGFENT
VU NVOREEIIRELSEET A ERHALMNE ST
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Fig. 10 Observation of various treated rice starch gel

Each rice starch gels were prepared RVA, and

then were stored at 4°C for 1day.
a: control, b: deproteinized rice starch gel
and c: defatted rice starch gel

Table 7 Comparison of gel characteristic

Transparency Hardness

(%) (gw/cm?)

Control 40.6 7.2 + (.22
Deproteinized 80.1 53 + 0.1b
Defatted 37.3 9.8 £0.2¢

Measurement of hardness condition was one bite measurement.

Results are the means calculated from three experimental
replicates. Data marked with the same superscript letter
within a column are not significantly different based on the
results of Fisher’s PLSD test (p < 0.05).
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Fig. 11 Observation of gel internal structure of various treated rice starch

by scanning electron microscope

a: control, b: deproteinized and c: defatted starch
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3. B

T UL ANFIET HE o RT BB I OIRENT 7 ORI E L OREEEZE)
W52 DB KT 7 B W THRIT L7c, 0. 1%NaOH IIRALER 21T 5 2 & T
KT T DB RTEIT TN RES NI, ElormuafRL A AX ) —)L
=2:1(v/v) IRIRIZ £ > T 50%DIRE N T > 7o bRES N, BE V7 EE
S OWAEALEE UT=2KT o 7 i3 K A 3 T ONRigMES R L, 7o
TN T DL N ERNEEINT T OMRIRIC R B2 52 5 2 LN
WETRY T T DINENMT L B RESOTE IR A T A BEREE A LTS 2
ERHEE ST,

WIZ, BVE KOS E 2B 2 AT 5 T O KALEE T 7 % RVA (2 L AiRdT
L7z, AR Ll UKL AT o 722k T > 7 X RVA DN K E AL
720 WMEBHARIEEE IX M ALERIC K VR L, B BRI O R o E5H HRIEM
W27 B LT, EmdsEIRbR S R BB L BR BUIBALERIZ L > TIK
T U7z, BARKEEE R K OBACREEE IX LI L VKT LKT > 7 OB X
USREEEZ B X N VBRI ENRKRESEETHZ RN ER T,

WIZT > TR O TN R L 2 OMRZ fRAT U7, AR & g L
bR R LT KT T FVRERRO B D SV E R L, £ DiBEH
FEIIRABL DR (DOl E R LTz, —HRIBAER L7 KkT v 7 v 7L o E
[ IARMBE & 2B T 72 o To, S ZHELIZEZ A, ROBR LR L, BRZ
PNIBEAIRTIEIZ S 03 720 B TIZE < R DM 2R LTZ, 2D X 57
KT T TNV OVEIREICIT T N ONEEE I E T TWD 2 L ICEERT
HEWRL, TUTUFNONGIBEEBE LT, BRY VNI ERE LT
TUTIE, Ry U EEENBIE S, Wb LT U D
HIFFICAEEL LB OV IER SN2t D0 EHER LT, —T7, RAOAEE
FOWARILEE T > 7 TR E N Z <. 2O X5 e/ x>y NV — 27 OfF
WD lpmotz, BRE VANTERBR LT kT 7 MO LR L e L, X v
WNIEPRKRELPLLTNDZ e, ZOWIRHEIZY VNV B h G TS
WMThiHZENHEERIN, XU RTVENT TV DFR Y N —T S &
INAFETHZ LT, T T NOEHESCYHMEICEEZ 52 TWnWh Z &n
TR X T,
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W. 727 NAHET D F 37 BB I OIRE O

T U T OBME LUNSEZRENC X VX7 BB L UONRE OB 5B &0 & e
DIl TUTANAHET D F NV BB X OIFE O 2175 2 & & LTz,

1. REB L OERTE
1.1, 3

[ L LICCH-LESERT 7 v 2 W TR RER I L,
1.2 U7 R o7 i

M= 1.2. DFIEICHET THEEIRT > 7 onb 2o "2 EE B L, E5h
7— BRI 3,500 1w b OBATIEA W CHiKIC T —RBRESET 21To7-. BT
% OWRITEFRE LR 21TV, 2 R E L LT,
1.3. S DX 7 EERIE

FUL RN T A X N ERIZTIE L6 L, (Na—X—(2 k- T
HIE L7,

1.4. BY 727 Y NLFILVEKUKE) (SDS-PAGE) |2 X A fEkT

SDS-PAGE 1% Laemmli 0 J575E “Ht» TIT o 7=, M 1. 2. IC THE LN T-EHT
B T NALERR (0. 1% (w/v) 70 ® 7 = J — )L T )b—_ 3% (w/v) BT v ILRifRT
U7, 60% glycerol, 3%(v/v) 2=-AN A7 h=H ) — L& &Te 30mM Tris—HC
1 (pH6. 8) #EfE & 2:1 DIRAIIZ/e D X HICUII L, 100°CC 5 s ez, ok
HWZTmEIL, ALY TN aeT o4 Lz, 727 U7 I RIEEE 5~20%
w/ V)T 27 UNT I KTV ATTO ) 2 L, 20mA/# CRESRVKEN L=, 723,
S~ —H—IZ1% XL-Ladder Broad range (7 7' a ¥ A = A8 2 Hu 7=,
VKBt D 7 1% 0. 25%CBB-R & & de 50% A & — L —10%EEERVATR TYLta L. 50%
A& ) — =100 EERETA R I T L7z,

1.5. LC/MS/MS IZ L BT > FNHFIET DB X LRI EDRGE
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M= 14 ICTHEONEEZ I ENR REGDH L. 3057 b= KU L%
Ete 25mM ERER T L = AARIC TR, 10mM DTT % & ¢ 25mM B RER T
VDY ARRICE DIETT, 56mM I — RT7 | R T REETe 26mM EREET
Fo 7 ARIKIZ LD SHED T VX AL EFT > 721, Sequencing Grade Modified
Trypsin (Promega #£) 2 g/ml 204 1 12T 37C, 12 A > FaX— K L7, &
D% 0.5% b YU 7 A uliiszEGTe 50%7 2 b= kU WRIRIC CEESR OO E IRt
ORI TR E A2 ATV, 0.45um 7 ¢ L& —JEia % HPLC
Agilent 1260 Infinity series-MS/MS 6563 Accurate-MASS Q-TOF LC/MS (Agil
ent Technologies #) (2 TH#T L7z, 4385 7 A1 InertSustain®C18 3pum 1.
0X 100mm(GL sciences #) ZfEH L., A v Y= v arEbul, WiE 70u 1/mi
n, A7 LIRE A0COEMTIT o 7o, WHERIZ A WR:0. 1%F/E B iR 0. 1% ¥R &
7B R=RFULZMHHAL 0-3.00 4 A 98%, 3.00-33.00 43 A 10%, 33.00-38.0
0 %3 A 10%, 38.00-38.01 43 A 98%D 7 7 ¥ = FNRMUETHNT LTz, Hbhiz~
A AT N TMASCOT IZ K DRMBEITWH VXV EDORIEEIT-T2, 7B, T
— # ~_— Z L NCBInr Z{#HH L7z,

1.6. TN HDOIEE ORI
BBET 7oL OREOHMEILIE 1.6. & FAROEAEIZ THH L,

1.7. gru~ 777 4—(MLOIWCEDT VT UIFET D
NE’E D E M

ME 1.6 ICTHEONEIEEAY 7 a kL AT 5% Ww/v) 12725 X9 ICiES
. m O CTE O BEA 2nl (IBEE L LT 100ug) & TLC 7L —k
Silica gel 60(ANIH)IZT 7T 4 Liz, BMIEE I~V =—F )V Hilig
=80:30:1, HAMEIZZ nad/L L A X ) —)LiK=62:25:4 % BB E AW
TR L7, BEZO Y L — M 50%hik%EH L, 160°CT 10 %,
BHDOARy b L,
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2. MRBIUOEL

2.1. TV T NAFIET DX X T E DT

0. 1%NaOH (2 TH A\ 7B LicT v 7 AR+ 2 2 v Ea HlE
LR, RUHT 7 L L ETOT o 7 THE R EORY RS
e T T UMb N TERMHENTHND Z ENghotz, £, ZDOH
DR)ITXT T ORFICE > TRZRD . KK 700 HxHZ <, IRWTHY
VAE, VA HAELRY, PUEFD LB IONEITD AR o7 (Table 8),
i U7z & 2730 B % SDS-PAGE (2l L7251, & lIROT 7 X0 i L7
5 X7 G 134T 80kDa~10kDa DHFIFH THEED & LRI B NV NIZaBES Tz
(Fig. 12), WITHKHZ /T BE /R R LC/MS/MS (2t L, & o _ 7 EFEZR
HlfER, KT 4 O, hyEway IR PYSAEBLTT Y HAET 3
DT ODHX XTI EDREIZERD) L, KTl Granule-bound starch synthase (b
and R1). Glutelin(R2, R3). Prolamin(R4)., k wE v = Tl Granule-bound
starch synthase precursor (M1). Gamma zein(band 2). Prolamin (band 3).
/NETTIE Granule—bound starch synthase precursor (W1). Globulin 3(W2). A
lpha—amylase inhibitor (W3) ., <A £ TlX Granule-bound starch synthas
e precursor (SP1). Sporamin B (SP2). Sporamin (SP3). ¥+ & A & Tl Gran
ule-bound starch synthase isoform X2(P1). Kunitz type inhibitor A (P2).
Cysteine protease inhibitor 1(P3)23RIE &7z, WT DT 7 28BN T
bT U U B RKBESENAE L, E OMRTE S NI ERBER A Ve B X — 3]
EINT-, F7-. o= REREEN D Uniprot (http://www. uniprot. org/) %
BHL, o0 EOT )T —va s wiTo k%, KD Prolamin, h7VER
13D Prolamin 3 X N Gamma zein [3/NZ& @D Alpha—amylase inhibitor & [AIE
DTIT—BA e X —T77 IV =, V<A ED Sporamin BL OV ¥ H
A @ Cysteine protease inhibitor 1 X% A E® Kunitz type inhibito
r CRBRDETIRY 7Bl Ens 7 e 77 —Ef e —77 I —
WERLTWAZERH LML/ Tz, TV T U NMFET DX N7 FITHTR A
VNITEBIOHEEA e EY— 2 ELE LTRSS TS Z EBH LN E
STz, BT E VX7 BIIKICAEETH U . [ UL mERKEDE Th 5 EE N
TUTAAMFHETHET, T OB IO ERENCREL 5 2 58
(Kl & 72 D DT AW EHEZE L T2,
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Table 8 Amount of protein remaining on various starch
granules after deproteinized treatment

Control Deproteinaized
Rice 673+ 25 19.0% 1.0
Maize 573+ 21% 40.3+ 0.69
Wheat 37.0+1.0° 290+ 20"
Sweetpotato  14.7 + 1.2¢ 6.0+ 1.0
Potato 10.0 = 1.0° 57 £ 0.6

Results are the means calculated from three
experimental replicates. Data marked with the
same superscript letter within a column are not
significantly different based on the results of
Fisher's PLSD test (p < 0.05).
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Fig. 12 Analysis of existed protein on various starch by SDS-PAGE.

R: rice, M: maize, W: wheat, SP: sweet potato and
P: potato were resolved on a 5-20 % gradient
polyacrylamide gel and visualized with coomassie
brilliant blue dye. Molecular weight markers were
loaded for reference (Mw), and their sizes are
indicated along the left edge of the gel (kDa).
Numbers indicate individual protein bands that were
excised for further analysis.

-35.



ve L vrelyLoclid 96591 L Jo1qIyul aseajold aue1sAD ‘€d

S0l €z 11196196916 GT6Ye W 011Ul 9dA) Z3IUN zd

985 0z 70/£5£595116 09129 2seYIUAS UoIels punog-sjnuels) ‘1d 01104
L S rZer09lib ogclLoc uiwelods ‘€dS

15417 L Z61951601L116 0ceve g ulwelodg -dS

1917 g g0919¥162lb ¥¥0.9 aseyjuAs yoleys punog-s|nuels) ‘Lds ojejod 19emg
s 8 1826665916 88951 lopqyuiesejfwe-eydly €M

88 ze 0.¥86es1elib 25999 ungoln M

S0l LE 28509/ 1|16 v%0.9 9SBYIUAS YIE)S pUNog-ajnuels) M 1e3UM
95 9l €/085956 116 ov/9l ulwe|old eI

95 9l 569891118 090€Z uezewwes 2N

ocy €Ll Lyolzeeelb zsel9 9SBUJUAS UoIE)S pUNog-ajnuels) LN aziep
95¢€ 0c 9/1Zp8LliB 06991 uwepld by

v8c 6. oL2gzelB 1Tl9S uleIn|o ey

€9 ¢/ 88156¢61LI1B 0Lr9S eI 7y

vSl 66 1668622116 92699 9SEBUJUAS UoIElS pUNog-sjnuels) | 01y
21008 sopnded  Jaquuinu uoissaooe ssep uiejord polnuep| pueg

LOOSVIN  PoUdte aseq eje(

‘auibus yoleas | ODSYIN € Buisn
aseqelep JuigON 01 enoads ssew Bunynsal s1ay) Butedwos Aq paiuapl alam suiajold ay| "sisAjeue alojaq uisdAly yum paysabip pue
pasioxe alem JOVd-SAS Buimo||o} paiiuapl spued uiejold [enplalpul 'SIN/SIN/OT UM Yolels sholleA Uo ulsjold pajsixe Jo uoiesyiuap| 6 a|qeL

-36.



2.2. T VT NAFAET D HRE DM

BRIFET T ombraaRb b AR ) —u=211 1Bz AV CIRE & HhiH
L7FER, WIFNoT v 7 A28 W TRE ORI B R bz, IRE O FEIX
EFIZE > TR S>TEY, Z&LEDST/NRITHN TN THY ., ZOhoT
7% 50%HI%Z Td o 7z (Table 10), WIZHIH L72fEE A TLC 2 W TRERA L
ToAEE MR MRMEAEE IR TOT o T UICBWTEE O AR Y R K
Mz, BFHEIREIIENRE, /708U K, 27Uk FRBLOART o —
IVNEME S L, PCTHIEIBA EARTH o2, MIEEEIIREIEE. U IEE R

EMESI, K, hUERIVBIOVNERILY VIREE, VY SAEBLIUV Y
HA FIIHEIEE 2 TR S TR Y Fig. 13), MBS O®E 7 L0
L7zfERIC o T,
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Table 10 Amount of lipid remaining on various starch
granules after defatted treatment

Control Defatted
Rice 371.3 + 4328 180.3 + 37.8¢
Maize 218.7 + 21.4° 103.3 + 16.0°
Wheat 330.0 + 23.4¢ 100.0 + 5.3°
Sweetpotato 997 + 50¢ 553 + 7.0¢
Potato 101.7 + 38.4° 51.3 + 23.1¢

Results are the means calculated from three
experimental replicates. Data marked with the same
superscript letter within a column are not significantly
different based on the results of Fisher's PLSD test
(p < 0.05).
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. . $ Fatty acid

1,3-Diglyceride

Sterol
° ; 1,2-Diglyceride
Monoglyceride
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b
e L Y L
- t L d - ® Glycolipid
L . - “
- - Phosphatidylethanolamine
' Phosphatidylcholine
' ‘ Lysophosphatidylcholine

R M W SP P

Fig. 14 Qualitative analysis of lipid existed starch by thin layer

chromatography

a: neutral lipid and b: polar lipid

Developing solvent of neutral lipid: hexane: ether: acetic acid=80: 30: 1
polar lipid: chloroform: methanol: water= 62: 25: 4

R: rce, M: maize, W: wheat, sp: sweet potato and P: potato
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3. B

BT B 0. 1%NaOH ISR I T & w37 B & al Ak L. SDS-PAGE (Me+) |2
itz 2 A, HEEOX R TENR R ST, &I ENR RE
I L, LC/MS/MS 1T K BN DFER., WIFhoT 7 ilBn Ty T 7w
BRREEEDAE L. EOMETIRY X7 BEROMFRA e B X —RRIE ST,
INGRFEY VN EON, ko7 ueT Iy, hvEravOTeTIVBE
RNy —BA LB TIT—EBAS e ¥ —T7I V=2, WIS EDAKRT I
Y7 T T —EBA e —T 7 I IR LTWDLZ EBH LN ST,
JPIek & 2 N7 EITKICAREETH D . R UL mBUKEME CTHOIRENT v 7
NIGFHETDHIET, T OB L ORI E R 5 2 HER &7
LD TRV EHEER LT,

Fi, BT T U BRIE LTEIRE OB AT IR, BUMIIEE TIXIEN
fe, EEIRECIIK, FuEravBRIOWNEITY VIEEZEKIZ, Y ~A
TRV ¥ A EIFHEREN EER T, (ERRESNTWDLT T A ET
HAEE LT AR L o T2,
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V. TV 7 URIEOBREE & ZF ORIk

MN#E2.3.I2TT v o 2 MMBWL S B T-BED F WA H 87 B & arickErEy
DFENHEB S, T2 T ROBEDIFEZRR LTe Z L p b, FRIROT v
T ERAWTT U R DRE AT o T2,

L ks XL OVRBR TG IA

1. 1. &

[3 1L LICCHM LK ERT 7 2 HOTLIEORBR It L7,

1.2. Ty kiR

£T 7 100mg (MG E ) 1SHi/K 20m]l 200z, 100°CC 30 iR LT > 7
UL ST, F D% L HE2, 000X g, 30°C, 15 43) 2470 FiKITHREE L
oo ZOEMER 2 BV L, T o7 URONEES s Lz, w00 R
DU ITART NV a — VTR ST, T o7 UbiEERR Lz, 72,
RLTEOEEZWE L, K57 7 RS DIFEREFEH L=,

1.3. SEMIC X BT v 7 kil %2

IVE 12 ICTHRB LT v R E a7 — 7 20k 0 AT 72 3Ba 1o et
AF ANy X — (AN ICTHBNNT VU L EKE I, TO%, &
B BEMMEE S-4800 (H SZAL) &2 FHWTHIIEEE 1. OkV DR TT > 7 Rl A 8l

21T,

1.4. T U7 RIEICEBIT B 2 87 B KL OWRE O %)

T 7RI 10mg A Al 200ul ([ZRRE SE, F 2SR X BRYEEEET
H5 2mg/ml TINALEVA AV F AT R — MR (FITC: AL P22 At
BLOFHIRERERIETH D 2mg/mnl T4 v L v RIFKR FmisEih) 22 n=
Au20pl AL, BEETTC 12 BRRISe@ L7, T Dk, w0508 (9,000 X g, 25°C,
1 %3) 24TV EIRIIARSE Uiz, 15 52tk T 24T\, &R0 7%
PRI L R\, Z0%, B ERMKTIZOBEE, X774 KT T XICHH
TUL, BR—=HT R TE A%, HEL—F —BAMED FV1200 (4 Y > /32 41)
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Z T 488 38 X 1V 559nm (2 T@IZ2 LT,

1.5. KT VT URIEIZFEIET D & v X7 B DFRAT

IVE L2 (TR L 72K T 7 KR 100mg 1 25mM DTT Z & T 2% (w/v) SDS
VI 200 1 1 RN L 100°CC 30 4345k L7328 HANEL L7z, Z 0D 4%., a5y Rk (16,
000X g, 30°C, 147) &7\, EiRZEML LIz, TEBICIEXREROBIEZATV
O EIR A EI L7z, 564007 EEIRIL 3,500 7 v R OB 2 W THiKIZ
T BB 24T > T BHTHR OWITBRAGHIR 2TV, i 2 "7 H & LTz,
fH U7 & 2 S 7 IR 1. 4. O JFHEITUE L SDS-PAGE (Me) IZTH {7 B %
SEEL. BHNTEZ LYY RIZIE 1.5, O FEICHE L T X v =7 B O
ExIToT,

1.6. TU 7 URINIEBIT D Z 7 ER X ONRE D ZEE)

[ L2 ICCTHBLEET 7 10mg Z HNVTIVE 1.4 OFEIZELT
FURNCET B 80 BB L ONEE D58 2 L R L — Y e & T
fiEHT L7z,

1.7. Ty RN T 7 v OPEIRICE 2 5 52

ON#E 1.2 BEONE L3 IS TRE LY 7 BB X OWERT 7
ERWTT U URIERT 7 OYEIRIZ G 2 DA AT L=, S0
72 10mg (ZHfik 1ml 2Nz, 100°C T 30 2 NENL 7=, Z D04y BfE (16, 000
X g, 30°C, 147) ZATWEUK f[IAVERE 7y & RYEPEBE 0B U7, AIERMEm o) &
BN L. RS X RO BIEEZIT - 12, 5 DS BT ER g 217 -
oo VRAG LI OFUEHT 8M DR FTANR % 1 2 100°C T 30 /3 INER L 52 VAR S 1
Db, WRPOEHEREY 7 = ) — URBRIEIC TR L, 2. SE37
NER 7 v~ N7 T 77 4 =2 ThHE UM AT LT, oW 7 A%
TSKgel GMPWy— TSKgel G5000PW 3#fEH 7 A Coyili Lz, TABERICIZ SM R
AR 2 LIk 0. Iml/min (2 T L7, 0 BUSAE 60 709 Hi#% . 0. 4ml/ tube
DEANET 40 R4 LT=, BN U2 B4y D& E 7 = /) — UIRERIEIC TER L,
TIaRIFULTIn—RAORHEER R L, £, gTrEY——¢&
L C. Dextran(average mol 2, 000, 000, 500, 000, 124,000 SIGMA-ALDRICH #t)
Z AW,
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2. FERBLUOER
2.1. F U T URIEOBIZR L MR

WTINDT T R IBW T S ANEWI L S B 72 BRICEOKIZIEME L 72 o T2 5%
ERFONTZ, ZOEEL SEM I TRIZE LR, WTholFIZT 7 i

BWTH, 77 URO—EMBEAE L, NEMMDIEH L7280 515 BRIk
OIEEY DI BIER ST~ (Fig. 14), Tao HEB LW Junrong HIX hvEw Yy ¥
¥ HAET T NTBNTT 7 AR BIKICREEE D MR D AFAE & 1 5 DT
L9 ROTFEER R I TVD N, ARG THIca A, aax, Y~
AET U UNTBNWTHT VT VRO EEZH BT L, 7 v 7 R
FICEDL LT ZORBIEEZB L TWD Z LRI T,

Mz 2. 1. ICTT v FURITIIREED Z o RV ENFELTWAH Z & 25
MWL, TUT R ING X NI ERFEL TS Z ENHER I N7
OILE S L — P —BAEIC K DX Ry E L RRE OZEE) & AT LT, ‘9”59:
WTNDOT T RIEIZEB W TS TR TE 27 7 RIEDIFI
T FITC ORISR S, T A v Ly RideMs %~ Lz (Fig. 15—1\
15-2)y ZDZEMLT T URIOIZIIZ VRV EIRTFIEL, T 7 kiR
ﬁ%L%ﬁ%LTmé%®k%ﬁbto*ﬁFﬁi T 7RI O RGE R

WZBWTEMN L2 FA v by RTERMRICE R LD EHER L, Z X
JEENRETIET > 7 RIREIC BT DR N R D 2 LRI I T,

5%Lt7/7/ﬂﬁimﬁ Lo THENRBEHLTWAED, T 7 Uk

ICAFET D H NI EIXT T RDORBERKD X R TETHD EHEEL
7/7/_ff¢5&/Aﬁgaﬂﬁﬁ&ﬁoﬁ*7/7/%%TWkL va
VR A R H N R, T LT, KT U TR D b Y
L7273 G % SDS-PAGE Met) 12t L7 R, 4 DD & X7 G RIZoyBfE
SN, ZTONY RARE— I 2. 1L IS THLNZ LR T 7 b L
7o R F ERERD /N RoNg— 2 %R LTe (Fig. 16), IRICBES =4 v
INTENR REYIDH L, ¥ o XV ERIEZIT- T2k 5. Granule—bound starch
synthase (R1) . Glutelin(R2, R3). Prolamin(R4) B[RIE X, T 7 hind
HH U2 o X7 EF L RO Z X7 ENEE I L (Table 11), LA EDZ &
ME, ZIVE TEDIFENFERAM T S TR o 2T V7 U RIEIZ DWW T,
5/A7 5 h G EROBED N T T ORI FET L 2t RE L, kT

WZBWTC, 207 P URIEICHEET 2 X XV EIXT > 7RO FREIC
%E?é&/ﬂa IO SN TWAD Z 2R L7, BiZ, ZhbH o
VENT T R EED XHOICHETH LT, T U ROMERICEREL S
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Fig. 14 Observation of various starch granule membranes by scanning electron microscope

a: rice, b: maize, c: wheat, d: sweet potato and e: potato.
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Fig. 15-1 Observation of various starch granule membranes
by confocal laser scanning microscopy.

a: Rice, b: Maize and ¢: Wheat. Various starch
granule membraneswere dyed with 0.2% fluorescein
isothiocyanate (FITC) and 0.2% nile red solutions.
Left: lightfield, center: FITC FITC stained, right: nile
red stained.

FITC was primary amine stained dye and nile red
was neutral lipid stained dye.

Scale bar = 50um
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Fig. 15-2 Observation of various starch granule membranes
by confocal laser scanning microscopy.

d: sweet potato and e: potato. Various starch granule
membranes were dyed with 0.2% fluorescein
isothiocyanate (FITC) and 0.2% nile red solutions.
Left: lightfield, center: FITC FITC stained, right: nile
red stained.

FITC was primary amine stained dye and nile red
was neutral lipid stained dye.

Scale bar = 50um
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Fig. 16 Analysis of existed protein on rice starch granule membrane by SDS-PAGE.

a: rice starch protein and b: rice starch granule membrane protein were resolved
on a 5-20 % gradient polyacrylamide gel and visualized with coomassie brilliant
blue dye. Molecular weight markers were loaded for reference (Mw), and their sizes
are indicated along the left edge of the gel (kDa). Numbers indicate individual
protein bands that were excised for further analysis.
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2.2. F UL URIOEIER

IV 2. 1. ICCT P UNAFAET DX R ENT v T RO FRBIZFIE LT
WAHZ ENHERINT D, FRIRT 7RI mmki@%%waF’;
6mtmé%ﬁw\£%ﬁv—% BAMSEE 2 T H V8 E L RE OIFER

e 2 822 LKF% WTFNDOT T URIZB N T O AR CHETCE T
/ﬁ%@% > TFITC &ALy ROBGMERISHBIEE S iz (Fig. 17-1,
Nﬂ)itq5/ﬂﬁg@*@ TR T, EATRE A 2 TR AT T2 3.
T R DEFENZIS O X 9 I FITC DML DB S 5 ZFE N B S
7- (Fig. 18), _@;2:75%\ T UL AAGFET D F XV EIXE DORIBITATIE
LTWHZERHLNERY, ZORBITHFIET DX R ENIVE2.1.12T
O LT U U RIEORER R D—f & 7o T DH Z EZB LT LT,
Fo, IBEOFEMIEHT AR L TBE LA, TR EIC Ry R
T ALy ROPRERHERINT (Fig. 19) 2 Wb T v AT ET HIEE
7RI & L CIE L TV D 2 E R STz,
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Fig. 17-1 Observation of various starch granules by confocal laser scanning microscopy.
a: rice, b: maize and c: wheat. Various starch granules were dyed
with 0.2% fluorescein isothiocyanate (FITC) and 0.2% nile red solutions.
Left: lightfield, center: FITC FITC stained, right: nile red stained.
FITC was primary amine stained dye and nile red was neutral lipid stained dye.
Scale bar = 50um
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Fig. 17-2 Observation of various starch granules by confocal laser scanning microscopy.
d: sweet potato and e: potato. Various starch granules were dyed
with 0.2% fluorescein isothiocyanate (FITC) and 0.2% nile red solutions.
Left: lightfield, center: FITC FITC stained, right: nile red stained.
FITC was primary amine stained dye and nile red was neutral lipid stained dye.
Scale bar = 50um
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Fig.18 Observation of FITC stained various starch granules
by confocal laser scanning microscopy

a: rice, b: maize, c: wheat, d: sweet potato and e: potato.
Various starch granules were dyed with 0.2%
fluorescein isothiocyanate (FITC) solutions.

FITC was primary amine stained dye.

Scale bar = 50pym
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Fig. 19 Observation of nile red stained various starch granules
by confocal laser scanning microscopy

a: rice, b: maize, c: wheat, d: sweet potato and e: potato.
Various starch granules were dyed with 0.2% nile red solutions.
Nile red was neutral lipid stained dye.

Scale bar = 50pm

_54_



2.3. T UL URIENT T OPERICE 2 AR

B A fi U7k T > 7 A NBVLEE U, UK VR E )3 X ORIEE 7y 04
PEEAZIE Lz, RO X OWIET v 7 3BuKIC b Li=F v 7 D &
WCERIZIRON o T2, BRE /XIS 5 Z & T b ER I L 72
(Table 12).

WIZ, BUKIZAEB X ONEB D Z 7 Vigim 7 a~ 77 7 4 — 2t Loy
EAToTr, B E— YT 5 ZF 0T 2 n— ADORHEENL AR L O
ARV CERITR LT, BUKAEMEESICRTOT I v —ANEH LT
Wi, — . AIEMESICENT, BB YT AT I F OO
HZEENIBR Y VRV ET 7 ORFREPMIZHERE L KE o 72 (Fig. 20),
ZHEOT I —ADFEEBNRE-THDH I EnD, KT T URIES X7 B
BUKICL DT InX0F U OREMERE S HMEELFFOZ LRI T,

_55_



Table 12 Amount of total sugar of soluble and insoluble starch in hot water

Amount of total sugar

(mg/starch 10mg)
Soluble Insoluble
fraction fraction
Control 3.8 +0.32 6.0+ 0.3°
Deproteinized 56+ 12> 44+12°
Defatted 3.1 £ 02 6.8 +0.1°

Results are the means calculated from five
experimental replicates. Data marked with the
same superscript letter within a column are not
significantly different based on the results

of Fisher's PLSD test (p < 0.05).
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Fig. 20 Size exclusion chromatography of hot water soluble and insoluble starch fraction

a: soluble and b: insoluble fraction.

Various chromatograms were —e—: control, -a--:deproteinized and

~m&- :defatted rice starch.

Molecular weight markers were « : 2,000,000, x: 500,000 and X : 124,000.

_57_



3. B

FUF DR N TEE L OIEE OFEREEICOW TR 2 T2, T
TUHDR U RTEIREETH D b, HT o7 U EAEE L, R
DEEIN L, EFBMEIC X8R EIT oo, WTHORES R O &Y 23
BRI, NHOT v 7 UoNEHENTIREETHH-T-, £Z T, FITCBLVT
ANy RIZTYa UIE R L — P —BMEEIC TR Lz, 2o 0N
FITC lZxt LBER S %, TA v by RIZIZBEEEZ R L2 &0, ZH DK
ITH R THERR SN TWD Z EnfEsR s ivie, £, X 78
SDS-PAGE Me+) IZflt L, LC/MS/MS ICCIRIE AT o7 & 2 A, KT v oD s v
N7 L RREDIFIRZ X7 B B ST,

WIZ, T T DWW TCFITCB IO A L by RiZCheta LILE R L —W
—BEMEEICTBIER LT 2 A, TUTURTORBIZY 7 BB LI OIEEN
FET D Z enBlgEshiz, £70, REIXFRZRBICHMmREE L TFEEL TV
T2o OBROBETIRENBRE SN2 > T-0i%, RO INEC k- TIRE
IR LTTe O E WL LT, T T URLDOREIZZ X7 E L RE D DR S
NAHBENFET D Z 2P THLMNZ LT,

TP REORBE MR T D720, BRE NI BB X OWABRE L7 kT
T R BB U SRS K ORIEME DT 7 U i)y B AT LT, & OFE R,
ZFHDT I8 — ADORMREIIIEZRNH Lo T2, WREO T I 1
JF VTR NV ET T DEIRBEPMIZHEAREZF LS REhoT, =F
DT I —ADAEENE—THDH LMD, BRYZ VNI ERFRIC L > TT v
TURIBERIEEE L, TR a Xy FU DI ~OFEEINE T L, 20k
BEDOREMEE ST I Xy FUOEHERRELS RoTb D EHE LT,

Pk, FUo7 o RiRBIZY R ENRED DR SN ODIRENTFET HZ &
RO THLMNIT 5 &I, FRENRT 7 OBE KOSk EZREIC KX <
5452 xR L,
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V. WWERT 2 7 —BIZ LT 7 UWaE A 1= X O

WEMEROT 27— TIET v 7 v 2l - W59 5 Starch Binding Do
main (SBD) AF(E L, SBD D1 & REbT 7 v (T v 770 ) D43 fiit o Bt
EEHELRHEELTHD Y, LarL, MWERT 2 7 —E TIZSBD 7L, 7
VT NDOFEITONWTE DTN ARHATH 5, m%rf%“‘/j’y WZEEND
BURTBIZTIT—EA e ¥ —T7 I U —IZBT DX 37 BB EAE
THZEERMHL, SBD ZF /27T 2R T —FOWEA D= AL NS X v
NOENBEET D L HER L, B LT,

L Bk KL OVRBR G IA

1.1. #E
[3 1L ICCHRB L& ERT > 7o 2 HWO TR I L7,

1.2. BacillustA K a7 I 79— 2 HWI=KEFEMEYT 7D
7 oy fii Bk

KHIHT > 7 100mg ZFF&E L, 212 SBD OfEk N/ NS BT U5y
M Z LW -7 X T —Y (Bacillus sp. A-6380, Sigma—-Aldrich 1) Z¥InL
77 a—7 X 7 —PI% 10mM MES-NaOH (pH6. 0) FEE IR [ Z IR S+, .00 BfE (16, 100
Xg, 4°C. 53 % D ¥R ZEIL L, 2.5 Unit/ml [IZFHEL L= 6 D% Iml FRIN
L7z, D%, BEFEE (180rpm, 37°C, 1 KffH) 21TV, BERUGHE DR IRITE
04 BfE (16,100 X g, 4C, b5 47) &, R ZEI LT, £D#%, 100CIZT 10 5>
MR LB B G A B IR ST, BT o7 oy fitix, EBRhicEEh
HEMEREE 7 = ) —)b - BB TRE L2 fEr S B L,

FIBREERERIIIEE I CAREET S AT, Y EX RV Y Uik
\ZTT o 7o, 728, BER HAALIE pH6. 0, 37T°C DA T 1 43I 1 umol DR LHE (7
Jba— A HED) RS 5 A 1unit & L7-,

1.3. REHKBTIT—EBEHWEKEFRMEMT 7O
AN AT AVZAY Ui

KPR T 7 100mg #FE L., B-7 2 7 —7F¥ (Barley, Sigma—Aldrich ft)
EWIM LT, B-7 37— % 10mM MES-NaOH (pH6. 0) AL &R | ISR S, 5miasy
B (16, 100X g, 4°C, 5 %D EEEzZRBIX L, 2.5 Unit/ml IZFABIL7=2H D%
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Iml W L7, UIBEOEEIZVE 1.2. O FEICHET TiTo 7=,

1.4, kT TR X R E LT 2 T —F OMAERMERER

1. 4. 1. HFURPUERISEZ AW kT o P okifix o287 I 5 —E DA

7B RAER

771

FUSURIER R E T 5 —F O EERMEDORITILT v U CHEE
TDHHEUNRNTEENSE N oT-KT 7 % HUWT Edmondson 523 E LTV 5
Ty —Ux AX Ty MECTEN L Y,

EARIUKENIIM 3= 1.4. © SDS-PAGE ICH#EL THiT» 72, BB~ —H —I2iX
Precision Plus Protein™ WesternC™ Standards (BIO-RAD %) & F\v 7=,

BRIKEN% D 47 L7 5 PYDF (Polyvinylidene fluoride) fE~oD % 237 B Diin
‘Hl% . Hirano & Watanabe D I R4 7 v 4 o 7iEP 2 —HKB L T{T->
7= PVDF JEE (ATTO #-8Y) & A & /7 — /LT 30 FORIEAKALER% . 0. 01% (w/v) SDS %5
T 40mM 6-7 X ~FH UBERIRICIR L b Ul RiRE L, Pk L7, £7-.
RUKENE O 7 T ERAREIRIC T 5 R E 9 & 2 BTV, b L7z, &
K74 7w yT7 ¢ 7%E Nippon Eido #H8Y) OG5, 0. 3M kU ZEHK .,
256mM kU AEKIZIR LT A% 2 #09 D E R, IRICEA{E L 72 PVDF i, 7L,
0.01%(w/v)SDS Z & Te 40mM 6-7 X J ~FH UERIRIKRICIR L= AH 2 fc & EAa,
et M OB 2 a7, #x5021E 50V, 120mA, 90 4y M@ E L=, & X
VB kR T7 a7 47 L, PBS-T T L 7= PVDF &% 5% Bovine Serum
Albumin (BSA . Wako ) Z & e PBS-T 10ml T 1 Befil#EE L7=, #E& 9%, PBS-T
WZTHM3mHRE 5 L, #5772 BSA Z eV it L7z,

Ty T WEH%O PVDF EIZ a-T X 7 —¥ (Bacillus sp.) H L IXB-
7 27 —%X Barley)20 u g/ml 10u 1 % PBS-T 10ml 2% (1, 000 {5778 L= %
DT 1RRIEE L=, -7 27— 1 %kHi{A (Alpha Amylase Antibody, ROCKLAND
L LLIEB-TIT7—F 1 &kFiAL(Anti B Amylase, T AE A A 4) 0.5u 1
% PBS-T 10m1 {Z¥SA0 (20, 000154 H) L7=H O T 1REIEE L= I8 & 9 # . PBS-T
IZTH M 3R U &R0 78 LIRBUARZ e it L7z, I, 2 IRPTUA (Anti-rabbit
IgG, Horseradish Peroxidase Linked Whole antibody from Donkey GE Healthcare
) 0.5u1 & Streptactin—Peroxidase from Streptomyses tactin(Bio—Rad ff
#) 0.5u 1 % PBS-T 10ml (Z¥RMI(20, 000 f%4A8R) L7 d DT 1 KEf#RE L7z,
PRt D PVDF B, PBS-TIZC 5 40 3 MR L. &5 7e 2 IRBUIRZ PRV L
7=

K HFCEIZ 1 Amersham™ ECL™ Prime Western Blotting Detection Reagent (GE
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Healthcare ) Z fv 7=, Solution A 500 1 {Z Solution B 500 1 Z#{EE& LT~
FRHERIE AR L, 2 RPURS%, Paid L7z PVDF IEORS KD EF LU A
TWCLAZEE, Ty TORICES, BEREELZ By T PYDF JRICH T L.
PVDF & ETHOT I 7 =B D 7 I 2 b0t M i (Gel-Doc, Bio Rad 4t) (2
TR L7z,

1.4.2. KT FURIEEZ N0 ERT 2T —PIC K DET T O fRE
W25z DR

R BRI X7 B L7=KkT 7 100mg (2 B-TIT7—F
2.5Units ZRM L VE 1. 3. O FIEICHE T TET 7 v oot 2 5 LT,

1.5, £EFET LT DT IT—P AL b EX—T 7 I —X L TED
T T A X NMEMT

ME 2. 1L IWCTHLNILET I T—EBA e ¥ —77 IV —IZ@T KD
a7y, hvEvravyoTaIIvBIRNy-BAL Ly, hED-TIT—
YA b H—DO— kGRS % Clustal W(http://clustalw. ddbj.nig. ac. jp
/) HWTEZ X7 B ORI % g LTz,
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2. MRBIUOEL

L BBRET T DT 2T =R BET T O R

%tﬁ7/7/aﬁm®% EMFI< . BT UL DOSRYEIZZ LU Bacillus
HED -7 27—V EIERASEE/ER, T 7 odiic ;ofw“%'*#
RO, KT 7T ONERRORELS, V¥ HAET TR RGN
Shole, TV T DB NG EEWGIREE I LTz & 2 AIEOMHBANFR
oz, £, SBDELERWVWRERKD -7 I TFT—BEHNTK, Y~
AEBLOV Y AT T UHEA S BT & 2 ARBOMEM % 7R L7 (Table
13), UbEDZ DT VT ANAFETHZ NV ENRT I 7 —RBIZL64ET
7 DRI 5T A Z E BRI S T,

2.2. KT UL X E LT T —8 O AAEAMRER

/41

2.2. 1. PURHURSSZ WK T 7 U RifE 2 VR E T 2 T —E DA

TEHIRABR

TUTANFHET D E NI ENRT I 7RI K DET T ORI RIS
BET5ZENREBZLNIETD, ZUoRNIBENRENST-KTF 7o 2N,
KT UKL NI E LT T — 8 L OMAERAMEE RN LT,

PVDF JRIZ KT v 7 oMbt L2 o XV Ex B L, 77 —8 L OMA
TERMZPURPURSUSZ TRNT LT & 2 A KT U Rl X /X7 ' D 13kDa
FHEDZ o RTHEIZBNTaBLONB-T I 7 —BOT 7RI, X7

VI URINES NI EET I T —EBRNRETHZ LR L E o7 (Fig. 21),
ME2.1.ICTCZDOE NI EFT T 70 ThhrhZEaRHELTWE, a7
SV T I T B e =TIV —IIBTHIEEHONILTEY,

2 ENT TR EMEERT L2 LT, BT VT ORI
BrhH 252 LRI,
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Table 13 Relationship between protein content and amylolysis of various raw starches

Amylolysis with(mg/starch 100mg)

Protein content

(ug/starch100mg) a-amylase B-amylase
Rice 67.3 19.7 6.0
Maize 57.3 3.3 —
Wheat 37.0 7.9 —
Sweet potato 14.7 1.6 0.8
Potato 10.0 0.7 0.6
— : No data
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Fig. 21 Analysis of existed protein on rice starch granule membrane by SDS-PAGE.

a: SDS-PAGE of rice starch protein, b: far western blot between rice starch protein
and a-amylase from bacillus sp. and c: far western blot between rice starch protein
and B-amylase from barley.

Separated protein using SDS-PAGE(T= 5-20 % gradient polyacrylamide gel) was
absorbed to PVDF membrane by instillation, and was analyzed by antigen-antibody.
Primary antibody of a-amylase(a), Alpha Amylase antibody (ROCKLAAND Lab.)
and (b), Anti B Amylase(Cosmo Bio Co.). Secondary antibody, ECL Anti-rabbit IgG,
Horesradish Peroxidase-Linked Species-Specific Whole Antibody from donkey

(GE Healthcare).

Separated protein were visualized with coomassie brilliant blue dye. Molecular
weight markers were loaded for reference (Mw), and their sizes are indicated along
the left edge of the gel (kDa). Numbers indicate individual protein bands that were
excised for further analysis.
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2.2.2. KT U T URINES NI ERT X7 —RBICKDET 7 DR R
NREY Y 2

KT T RINES X TE T I T —BOHAERDN A LI, SBD R Z 72
TIT—VICLDET T ORI ~D BN I N2, & X
VAL KT T B WTET 7 Do Rt A AT LT,

RAFET 7 o DY ENET 77 100mg #7213 6. 00. bmg T o 7=, K
FUT NS Z R RRET D 2 & TEOWAMEMEIL 5. 010, 5 &R RN
DFR 16T L7z (Fig. 22), £ v B EX—H R ETHH 70T I URkkE
ENDZ L THORIEN EFT 2D L EEZ TR, PREEITERRDER LR,
BRI EOWNC L DET T ORI ORA L, TIT—FP A e
2= L D7 T —BOIEMHIE & IR OENFIET 5 2 &R I,

2.3. {BEFET T DTIT—EBA e X —T7 I —=H L RTED
T TA A NMENT

BT v T N THT I T—P A e B —IZBTH5KkDT T3,
rhyEoaro7nI7I0BIWy-BA 07 I JBESNET 74 A ML
TefER, T & o B THEUMEO BV R STV e (Fig. 23), Z
DZENLINDZ R FIINREEN T LW EARIBL, VE2 11T
NIk T eI e 7 I 9—FDMAERIL, 7I7—FEA b E

— LT AEEE RO LICERT D Z EB R INT, £, hEOT
17 —EA e B —REORBFE O EREF LMIIEOMOT I T —E A Uk
X —T7 7 IV —Z R FIIFEL TN oTe, ZOZ kT
VHRIBEICAFAET D T 2 0T, TR T —P L BRNREAMEE TR T L ODTE
PRI B L 52 WZ ERHLNE Y, TIT7—RBLET VOl
MDD &T, BT VT ORSRIEIZE T 5 b D L HELE LT,
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Fig. 22 Amylolysis of raw rice starch with B-amylase from barely

Results are the means calculated from three experimental
replicates. Data marked with the same superscript letter
within a column are not significantly different based on the
results of Fisher’s PLSD test (p < 0.05).
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Fig. 23 Alignment of primary structure of various amylase inhibitor family protein

a:prolamin(maize), b: y-zein(maize), c: prolamin(rice) and d: amylase inhibitor(wheat)

|:| conserved region _ weak similarity : robust similarity and %k agreement

— : active site of amylase inhibitor
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3. B

WAEMEFEOT 27— TIET v 7 2 iki#k - W51 5 Starch Binding
Domain (SBD) 23 f77E L. SBD @1‘%339:5!%*&111!:7 VLT ) D4R DB
BERHHN TS, Lo, MERT 27— TILSBD 237e<, T 7o~

DWEIZOWTEDFEMN A TH L, 2T, T R BICHRE I
TIT7—BA e X —MEZ T EOBEGIZOWTHRFNEITo T2, 7,
SBD DFEREN 5 < T o T U R D /NS N Baci lus AR D o -7 2 7 —E & H
WV, BT T DR LTl A KT T DR R D RE L
CXTATT T UNRGNEL, TSR R E R LRI IEOH
BERRO LN, £, RKEHKOB-TIT—EBEHNTK, Y~/ ELBX
WX AT v T ANEA ST L ZARBOMEmZR Lz, RICT T~
Wil R E 7 X7 —EBOMAEERMEIZONT, 77 =Bk E v
FURHURS SIS TRAT L7265 5. Bacillus B3k, KREHROT I 5—P37 3
*~t4/tt& Ty IV —H RN IED13kDaD T T I L OFAELER

BENT=, T T, kT T ERY VNTEREL, RT v 7 RE
E%B—Ti?—ﬁ%@%é@k%%\ﬁ%‘iﬁ&/ﬂﬁ”@ﬁ FkoTH
6K T L7z, A e X —F U NNIETHH I I I v ERELET T D
IEYEPME T L7 2 LI Z2 R D, WICIE 2. 1L ICTRIELZTY X 7—8A
e H—T 7 VBT O E NV ETh OO T T I FUE
navOy-BAUrBLNTa I IV ENEDa—TIT—EBESf XL
DT X WEEINET T A A N UTRER, FEEL LT 2 BEELS 2 RO i)
RAFZIN T, BEEEP OISR SN R oTe, 2O b T 7w
BIEIZAFET D7 r T I 03, 77 —8 ERRRN A Z 1T L ODOIEN
WITEE B Z RN ERBHLMNI o2, ZTRHETHLDICEN TR T
%D%%t@wﬁ%t%7l”~ﬁ&®%é%$®*%%@@f%%#ﬁbko
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T T AAIEMICBNT I N a— ZADRFEEREO O E ST, 1, JER, 3
EBIORAGL RN R LIZZLSEENTND, ZNHDOWEDOT IS T A b
HIZRL - (T o7k & LTIFEE L, ZORRSCHEE WA L > TREL
Bied, 7 U7 URLIKRE M A TINET 5 L L THEE O, E72mANT
KoTH LT D2 &b, MIEE BERAL. A bl KO Elkflis L e L
TR, B, B, BEELREONT DL, Kk hUyEwoay, hE,
X A TBILOF v v 370 82 JFUBHI R TR 3800 7 o AEES LT
W5,
%yﬁymﬁw:~xﬁa14#AfEALt7¢m~x&a16ﬁAf&A
PN LTEED T I X FUoEElng 35, MELEbLETTFEDRD
T AIKICHK LB TH D, Fin. T T UATRLOTIR, ﬁ%é%ﬁ@@
M & PRI & OBHRIZOWTITBGGRI BT E > TV HDORBURTH 5,
T ORELREOREE . FAOE X 72 EIZ oW TIET 2 v — AEREST 2
0y F U ONBREE (7 T A=) RRELSBEET D ZER/HEINTND

Lﬂb\7\u—xm&ﬁ\Y\UAﬁ%/@ﬁﬁ%m®@#&ﬁﬁ®@wT\
T U7 O LUREE, ZVORENKE BT 57 ERPRRRBZEL N,
WO B, WNET VT UEREFERTN AL L OGALET S L FT 7 O3
ROMBEEFENKRE LS RDB 2 E2HEL, T T URICEOFEEZ TR LT-, L
Nl T TR B T DEOEIEIC D W TS EMN R AfRN % < | fEmicE
STV,

AR TIEIT T oDR T THDHZ EIZEFERB L, K. FuEmay, /hE,
PV A EFTBLOS Y HA EDEKT 7 AT DONT, RHZEEIORAE., Kr%E
BORERMEZ LB L, CNOOREERIORE S, 7 In—20MME, 7
RuXTF DT TAF—WEE, T UFROMERY THL X N EB X
OIREEEOBERBRICOVWTHRF L, &7 07007 I rn— A5 &R 7,
7 aXT F IO LR & B KOS E) & OBIMRME & AT L 72 RE
B, INOERZT CIREFERICB T T > 7 OMIROZERZTHT L 2 &
X TERhoTz, T AT I =27 I ey Froicy oo
%F%kmotﬁim TEEATWHZ LIZERBL, ZOEEZWE L, T

VNAFET DX X7 ERIRERRFICL D Z0ENR R > T, T
V@%Mﬁ@Eﬁ%fﬁi@%ﬁ%f&%wﬁ@m%%%b\?yfy@ﬁﬁ
CNOMER DB T 5 Z LR ST,

7/7/’aiM5&/ﬂah NEEENE ST kT T mETT IV E L,

MR T > 7 OIS KOS EEEENC 5 2 DB LT LTz, ¥ /"JHE
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BIXOEEAZRET L L TERT 7 ATMBUC L AIEE B L ONRMERN
HA 22 RH L, ZOEEIZ L RIERKE NPT, ZoX7EB LW

BENT 7 O MEEMR T HHEE A L TWD I ERHLNE ST, &
DICERAT T 7 4 —ICX BT T, Zo NV EBIXOIREIRT 7
{bEBMAT DBEOIREZ EH SELHERN LR TR, X X7 EOEENK
Xhotr, TUT VOB DZ R TERIEENRKX R B2 AL
R U, RIS, T T TN OMWIRE RN LTefE R, # oo BxRET
HZETT T UFNOBERENRE L EH L, MHIERO < e pEm AR
L., IBEIFEWHEICRETAONT, MM 22 ER Lz, 20K
RO ERIIT T NV ONEREEDEWVICERT S EHEL, T
FNDONEHEEBE 21T Tn, XU NI BEBRET D & TROBESCBAET »
TUNBRAB U SR LT BB E AR L, Ry b U — 7 1%
ENEL RO, ZDOZENBLZ NI ENRZ OEBEHEEICHEET S0
EBZ B, TAOMERIZRET L Z LRI,

TUTNGFHET D H RNV EBIOIRE O 2T TR, 2o "8
X7 B REEFR O, FEFRY O Y LB THhD Z L RITE A
VIAVA - Vil VAN A i B SH R O\ = Al i G il b e/ SN
—IZBT A LN L, E8E X, B, UV U IEE R X OWE
BENEERTHY, IFERY VX7 BO X 5 I KRR B WSy &3, BBk
WWE THDHIRENT v T U NHFHET D 2 & TT 7 OBNE X U 2 E)
B35 L HEER LT,

T2, T U URIOBIZOW TR L2 RE R, IBVLERZ 2 BUKIC RIE D 7%
ERFEDZ LICER L, MEBELZITo R, BERkoEwnEissn, &
VR EOREEINFET D AR LT, RICZOT 7 RO
LT TS D Z R ERNEE DFIRRBIC DWW TIREE L 72/ R, 7
VTR B H R ENFET D EEH LM LT, FWNT, KT T
YERWTT U URIED B R T BT A AT o T, EORER. KT T UL
b TEIKRT T L2 oo B E—E LT, ZDZEn
ST T URIED B2 R IXT VT RSB IR T D X R 0 D ERR
ENTWDEHEL, T 7RO R 78 L IRE OFAEIRREIZ OV TR
LT, TOFREHR, 2 o0 BITT v P UREEIC, B IX—E 03 28 [ o
W E L CHFEETHZEEZHOLNMNIL, ZOBRICHEET DX NI ERT T
YOMRICKRESEGTHZ LALLM L,

FUTNFHET DA RIENT I TS e B X =BT DI LIE
HL. AT 7%, W% T % Starch Binding Domain (SBD) & #f7= 721>
TR T X 7 —BIZ K BT 7 v ORI DWW TRGET 21T > 72, SBD @
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MEREN TS S BT o 7 DRI Z LN Bacillus kD -7 7 —E Tl,
T T DG T T N GEET A X R EEITIEOMEE R L, 2
DOBRIL SBD ZFf7- 72 WKREHKD B-T I 7 —EB LAk TH -T2, £ TKT
YT ERWTCT I T —BET U UNTFET DX N A O BEAERM: & R
WLIERER, 7TIT7—EBA e X =R Tk I 0 RT7I7—8L
FeROICHEERTAZ 2R L, TIT7—EBA e X —ZHHEINT
TuT I LTI T—VBILLBET T D RRIEA~D A RN U TR R
KT TN R R B RRETDHIETRKRERKRB-TIT—RIZLDE
TUT DWW RENKR T LT, T —B A e X —2RELIZZET,
ET/?/@% MRMENME T L2 SICBMZ L, K, hyEma T

NFETHT I T—BA e ¥ —T 7 IV —=2 R0 EHE NEF TS
WCIFET DT IT7—FBA e X2 —DT 2/ BEH Z i L=, TOfE. %
BLOMYVERavT VP UNFETDHTIT—BA e B X —F XTI,
INEDT I T—BAf ey —LEPLEESEZR>b oD, 77 —EDA
EIEMERODICHY T ARSI E B L TCW 2 WZ ERH LN E o, ZTDOZ N
b, KT U T UNCHEETAZ TR T 2 0T 2 T — B OIEER LR R RET
TEMLHFFRMICBREL, T URET I T —EBEDHHENED D Z & TET
VT DREIRIEICE BT D T E I HELR S AL, SBD AR 0T R T —EBIC L D
BT T W ERERE D — IR A2 A ST LT,

PLE. AR K OSKEEEZE) ., ZF Lok X OVET v 7 v oy figtt & o
2T T ORISR E DN TVWA T I r—RAGEaeTrIaXs Fros T
AR —EEL VWO EBRICNZ, XX BERIREE Vo TeT T IR
GFHETDHRGNT T OMRICKELSBEEGTH2ZE2HALNEL, T 7Y
BHpICB T 28 Ml z155 Z L3 ¥k T,
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Summary

Study of effect of starch granule membrane and component
on physical property of starch

Starch is existed in a seed, the root tuber, a tuber and immature flesh by
one of storage form of glucose in a plant. It exists in amyloplast of these
organs as a particle (starch granule) and is different in its shape and
structure depending on the plant origins. Starch granules become viscous
and gelatinize by adding water and heating. After cooling, starch paste is
gelled (retrogradation), and then gelatinization and retrogradation behavior
are difference depending on plant origins. So, starch is used for various
purposes such as food, paper making, printing and medicine, and it is
produced 38 million tons from rice, maize, wheat, potato and cassava of
annually in the world. Starch is composed amylose in which glucose is
polymerized by « 1,4 bond and amylopectin in which glucose is polymerized
by « 1,6 bond. Amylose and amylopectin are water insoluble so there are
high molecular. It has been reported that the amylose content and branched
structure of amylopectin greatly affect to the viscosity of geratinized starch,
and gel hardness. However, there are unclear points such as the
gelatinization and viscosity of starch, hardness of gel greatly changes due to
the difference in amylose content, slight numerical value of microstructure of
amylopectin. In reported data, relationship between amylose content and
viscosity behavior were analyzed however it was difficult to determine
properties of starch from amylose content, and then is suggested other

factors determined properties of starch are exist.
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In this study, factors affecting the properties of starch searched were
researched and analyzed using rice, maize, wheat, sweet potato and potato
starch.

Protein and lipid that were minor components of the starch granule affected
on thermal and viscosity behavior. There was a membrane mainly composed
of protein to the starch granule surface, and lipid existed as a minute oil drop.
The protein affected behavior of gelatinization and retrogradation, lipid
influenced behavior of retrogradation.

The main protein of the starch granule membrane was demonstrated that it
was the storage protein of each plant origin, and the protein having
structure of the amylase inhibitor. The protein similar to amylase inhibitor
affected binding mechanism of the starch granule of amylase in the plant

origin when the details were unidentified and got a new finding about starch.
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