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(starch granule)

211 (amylose)
500-6000 (AGU)
0C-1,4-glucosidic
QG ,6-glucosidic (Hizukuri, 1996)

' (double
helix) (Biliaderis, 1992)

212 (amylopectin)
3x105- 3x106
(AGU) Ot-1,4-glucosidic
DP 10-60 0C-L6-

glucosidic 1 Ot-1.6-glucosidic 4-5%
(Jacobs Delcour, 1998) (chain)
3 (Robin , 1974) 2.1

m A

(unbranch structure)
2 B 2



3) C reducing 1

C 1 reducing
(hilum) non-reducing
2UCjthvia
21
: Rohin (1974)
2.2
21
21
(Jim) ()
5-100 30
3-26 15
1-40 10
4-35 20

Eli (1998)



(growth ring) !

(French,1984) (amorphous layer)
(semicrystalline layer) 2.2
(1) crystalline lamellae 5-6
10
20-40% (Biliaderis , 1986)
(2) amorphous lamellae 2-5

a-1,6-glucosidic

2.2
- Jenkin (1994)



(refractive index)
birefringence  (Morris Miles, 1994)
birefringence
polarization cross Maltese cross
2.3

(French, 1984)

2.3

: Charley (1982)

2.3

(semicrystalline)
ray diffraction
(degree of crystallinity)
(Zobel, 1964)

3 X-ray diffraction pattern 3
(Zobel, 1964  Hoseney, 19%)
(1) A
amylomaize ( > 40%)



2) B
retrograde
(3) C A B
X-ray diffraction
2.2
V
2.2 X-ray diffraction3
A B C
(specr  ntensiyB 20 chpecng imensty 20 dhspecng  intersiy 29
8.72 ol B M 559 154 513
7.10 15 89 0 88 " 100
518 B3 U 11 766 115
517 171 614 M 144 578 153
4.86 182 516 172 512 173
431 M 203 4% + 195 48 M 183
3.18 235 400 M 222 43 " N4
330 + 210 370 M" 240 378 Mf 235
2.88 310 338 203 332 268
2.60 A4
a A, C horse chestnut
X peak  chart :strong(S),

medium (M), weak(W), less than(-),and more than (+)
¢ Bragg reflection angle

:Zobel (1964)

24

(native starch) L I 25-30 %



micelle
micelle

micelle network

(Leach, McCowen  Schoch, 1959)
24 25

Leach (1959) 3
pattern)

1)

2)

G)

stage swelling)
(two sets of bonding force)

(swelling

(one stage swelling)



24
- Leach (1959)

2.5
: Leach (1959)



2.5

2.6

(Leach

2.6

10

(hydropnilic)

, 1959)
(Eliasson Gudmundsson, 1996)
30 %

5% (Hoseney,1994)

birefringence
(gelatinization temperature)

birefringence

Hari, Garg  Garg (1989)



il

1 (excess water)
1.2 1-2°C
10-15 °c (Liu  Lelievre, 1993)
birefringence (Leszczynski, 1987)
2.6
2.6
3
birefringence
2.6.1 birefringence
birefringence
birefringence (order)
birefringence Kofler hot stage microscope
2.1 Kofler hot stage

(Watson, 1964)

0.1-0.2%
mineral oil
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cover slip
o200/
birefringence 2,10, 25,50, 75,90 98 % birefringence
98% (birefringence end point temperature, BEPT)
birefringence

(Leszczynski  Golachowski, 1988)

2.7 Kofler hot stage microscope
. Kofler, Kofler ~ Branstatler (1954)

. 1987 Leszczynski
photoelement
2.8
birefringence
birefringence
photoelement !
(t1)

(©) 29



11
2.3

2.8 objective hot stage microscope :1-light source, 2-polarizing fiters, 3-hot
stage, 4-thermometer, 5-preparation, 6-thermoelement, 7-photoelement, ~* light
- Leszczynski (1987)

2.9

: Leszczynski Golachowski (1938)

13



2.3
Leszczynski
(C)
1 2 1
60.0 58.3 754
0514 0.668 0.739
(coefficient of variation) 0.87 1.15 0.98

Leszczynski (1987)

Kofler hot stage

Leszczynski

2.6.2
26.2.1 Brabender viscograph

Brabender viscograph . 1930
(rye flour) ot-amylase
..1944 Anker Gedds
(flour) (starch)

741
0.651

0.88

14



15 Cf 95 °c

unit (8U)
5 0%

Brabender viscograph

TORQA]

2.10
Brabender viscograph
A
B

159 |

(Mazur, Schoch Kite, 1957)

centipoise (cP)
500 BU 2,700 cP

2.10

Measuring Range 700 [QVGI

(peak viscosity)

95°¢

15

torque

Brabender

TBR[(]

10 BU



26.2.2

amylase

@
@

13 profile standard 2

)

o &

16

9 °c

objective

50 °c
50 °c
Rapid visco analyser (RVA)
RVA a -
RVA
profile profile standard 1
23

copper block  block

block block
profile
block



RVA

211

(1) Peaktime

(2) Pasting temperature
20
(3) Peak viscosity
(4) Holding strength  trough
(5) Breakdown

(6) Final viscosity

(7) Setback from trough

211
: Newport Scientific (1995)

RVA

50 °c

RVA

2 RW

RVA

17
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sensor
Rapid visco unit (RVU)
profile standardl 960
10 160
profile
1
2.6.3
(enthalpy) 10-20 Jig

Differential scanning calorimeter (DSC)
Stevens Elton (1971)

( 200mg)
(Leszczynski Golachowski, 1988)

thermogram 2.12 (heat flow)
autocalculation ~ thermogram

To (onset temperature)
Tp (peak temperature)
Te (conclusion temperature)



Ah (enthalpy of gelatinization)

2.12 thermogram
DSC

 Hari (1989)

60 %
peak thermogram peak
thermogram

2.7 Ball mil

Ball mill

45 - 50 %

2 peak (Hoseney, 1994)

19



ball mill

2.8

0.6%

(. , 2543)
2.13
213 ball mill
' (2543)
ball mil
ball - mill
(Baldwin , 1994)
ball mill
(compression force)
(impact force)
(shear force) (attrition force)
ball mil
Baldwin (1994)
1 kg
1cm 12 40
Scanning electron microscope (SEM)
(rough face)
11.4%

(scratches) 08%  3.9%

/

ball mill

20

100

500
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(2) Adler, Baldwin Melia ( 994) ball mill
Baldwin (1994)
Confocal fluorescent microscopy Acridine orange
(AO)  Congo red (CR) ball mill

/

(gelatinuous material)

(3) Morrison, Tester Gidley (1994)

Pascall ball mil 59 porcelain
10cm  15cm porcelain
19mm, 3mm 10 mm 16,36 86
100 / 0 48
(crystallinity) wide angle X-ray
diffraction pattern (double helix) $C-CPIMAS NMR spectra
To, Tp Te DSC
Ah
(4) Morrison Tester (1994) Morrison
(1994) ball mill
Gel filtration chromatography
(DP~5000)
(DP60-2000)
Morrison (1994) Morrison Tester (1994)
ball mill
ball mil

Ot-1,6-glucosidic
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ot-amylase
endotherm DSC
(5) Tamaki (1997) ball mill
13 ¢cm 15 cm
1.5 cm 1.2kg 90 |/
0,13,51020,8 320 . SEM
10
80
(central region) '
10
X-ray diffraction pattern pattern B pattern
20 . (crystalline region)
, 20 . 0-10
(200%) 20 . (220%)
amylase 80
hydrolyze amylase 1 DSC
Tp 637°c 0 . 588°C 320 . Ah
98 miimg 11 /g
ball - mil
Brabender

viscograph, RVA DSC
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