2.1

Onyza
Oryza sativa L

(Juliano et al., 1990)

(Juliano, 1972)

Storchy
endosperm

Sterile
lemmose

21

-

(semi-aquatic glass plant)

genus

2 species
Oryza glaberrima Steud.

Oryza sativa L
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0A il 1) 5

31 -KKi
211 (hul) (palea
lemma) 20
(cellulose) 25 (lignin) 30
(pentosans) 15 2 (silica)
95
(Hoseney, 1994)
2.1.2
6 2
5 6 2 20
0.5 715 nonstarch polysaccharides (Hoseney, 1994)
Nagai (1960) (anthocyanin pigments)
2.1.3
2131 (tegmen  seat coat)
GORK (Hoseney, 1994)
2132 (hyaline layer nucellus)
2133 (aleurone layer)
17
(aleurone
grain) ( )



1 (thiamin) 2
(riboflavin) 3 (niacin)

2134 (germ embryo)

2 (scutellum)
(embryonic axis)

( protein bodies) ( lipid hodies)
(tocopheral)

2135 (endosperm) 2
( baleurone layer)
(inner endosperm)

(P-glucan)
(starch granule)
(3-5 ) (compound

granule) 150
(protein bodies)

(milling fraction)

(hul) (bran and polish)



2.2 '

2 (non-glutinous rice)
(glutinous  rice) (endosprem)
( ,2534)
3 (short grain rice) 5.5
(medium grain rice) 5.51-6.60
(long grain rice) 6.61-7.50 (extra
long grain rice) 1.5
3
(slender grain) 3.0 (medium
grain) 21 30 (bold grain) 2

(Khush et al., 1979)

3 subspecies

(Japonica rice)

(Indica rice)

Bulu (Javanica rice) (Matz, 1959)

2538)

( , 2538)



(rainfed rice)
season rice)
(,2534)

(photoperiod sensitive variety)

(non-photoperiod sensitive

variety)

(2534

L2540 2

T 13
105
L
gelatinized

temperature (pasting properties)
( , 2516; , 251, , 2520; , 2538; Hirohata and

Chen, 1959; Juliano et al., 1964a; 1964b; Palmino et al., 1968; Hettiarachchy, 1997)



Juliano (1990)

gelatinized
temperature
1 (Little et al., 1958)
1-3 gelatinized temperature 15
( 4-5) gelatinized temperature 10-75
(67 gelatinized temperature
10 (nonaromatic rice)
(20.1-25%) (>25%) (aromatic rice)
(20.1-25%) (10-20%)
gelatinized temperature  ( 6-7)
gelatinized temperature ~ ( 6-7) (20.1-25%)

(10-20%)

2.3

(flour) (starch)



. 638-2529 . 639-2539 ( , 2529 ; 2529 )

' Oryza saliva L.

1 ' g ( , 2539)
2.2
2
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2.1

(N X 5.95)

7.2-10.8 0.6 -31 0.2-1.9

7.1 - 131 2.4-3.9 0.8-2.6

6.5-9.6 8— —

6.5-13.3 8- 8 - B8

*Nitrogen-free extract

11

2.1

1
(Juliano, 1972)
(nonstarch constituents)
1
NFE*

0.5-2.1 85.2-90.2 Hirohata Chen (1959)
1.5-2.1 79.4-88.0 Juliano (1964a)
0.5- 1.9 86.9-89.8 Hirohata Chen (1959)
0.4-0.7 86.2-92.6 Juliano (1964a)
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Champagne (1996)

90 10 q
(starch granule)
3-5 (polyhedral)
(amyloplast) (chloroplast)
(compound granules)
20 - 60 150
7- 39
2 (amylose)
(amylopectin)
(semi-crystalline structure) 2.3
c chain
B chains
I
H m A cha

iy -

==

[= 1= 1=1% =] =~

e

2.3 Q) v

(Robin et al., 1974)



(amylose)

Gt-1,4 glucosidic

Hizukuri (1988)

P-amylolysis limit

limit 55

40-80

2.2

pP-
amylolysis
limit

(%)

73

81

a-1,6 glucosidic

P-amylolysis limit

81 | 22)

(Juliano et al., 1964b; Morrison et al.,, 1984)

50-80 Asaoka

(Hizukuri, 1988)

Avg. Degree of Avg. Avg. Chain
polymerization Number Length
Chains
1000 4.0 250
1100 3.4 320

13

P-amylolysis

28

(1985)

Branched
Molecules

(%)

49

31
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(amylopectin)

96

0.-1,4 glucosidic

Champagne (1996)
a-1,6 glucosidic

2.3

2.4
Hizukuri (1986)

2.5

(double helix)
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2.5



2.3

Avg. Degree of  Awvg.

polymerization  Chain
Length
4700 2
128000 19
185000 18
(protein)
Villareal and Juliano (1989)
Hamaker (1994)
11
Maillard's reaction
Cagampang (1966)

extraction)

15

(Hizukuri, 1988)

Avg.  Avg. External  Avg. Internal
Number  Chain Length Chain
Chains Length

200 14 6

670 13 5

1000 12 5

2

waxy gene (60 kDa)

(foaming activity)

18
(alkal
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80 (Helm and Burks, 1996)

0.5

03-05 50 24
10-24

(Hogan,  1967)
(proteases) Aral
(1993) actinase
peak viscosity, breakdown viscosity, apparent viscosity,
yield stress consisitensy index

Helm Burks (1996)
8
(hypoallergenicity
protein)
(lipid)
(lipid droplets) 2
“non-starch lipid surface lipid"

“starch lipid ~internal lipid” (Morrison, 1981)

2 non-starch lipid
surface lipid (nonpolar solvents)



i

(diethyl ether) (petroleum ether)

starch lipid (water-saturated butanol)
(Juliano, 1985; James, 1995)
non starch lipid 11
non-starch lipid

(linoleic) (palmitic)
(oleic) (Maningat and Juliano, 1980; Choudhury and Juliano, 1980.; Morrison, et al.,
1984; Juliano, 1985; Champagne, 1996; Jane et al.,, 1996)

(Choudhury and Juliano, 1980; Morrison
et al, 1984; Blanshard, 1987; South et al., 1991)

2.6 Blanshard (1987)
Al

2.6 (Hoseney, 1994)
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1S nm

o7 ' Key
> .
%; ] Amylopeciin helix
< - - .
C DO o w v Hr)ébnd am%/l se/
- =S | amylopectm helix
t
4 nm V-amylose helix
SR ! y
I Free lipid
L S|888S |
3 CoC DT 3 Free amylose
2.1 (Blanshard,
1987)
Kugimiya (1980) Zobel (1989)
Kugimiya (1980) Differential Scanning Colorimeter
(DSC)  Zobel (1988) X-ray diffraction
Senevigaten Biliaderis (1991) Morrison (1993a)

2.5
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251 (Swelling and Solubility)
Leach (1959)
(potato ~ starch)
(cassava starch) (ilo starch) waxy (waxy
milo starch) 2.8

(crystalline region)

¢ "("lcelles) ( 2.8)
3

Waxy 2

2.9

gelatinized temperature

gelatinized temperature



SWELLING POWER

1965)

—
Heol ¢+
woler

A Unjwollen B Swollen
legmen! segmenl
(7
¢ Solulion
= e ) U
>—\J —
0 Gt

E. Precipitole

2.8 (Schoch and Elder, 1955)

20

1(Leach,

POTATO
80
no
s
/7
> 60
E
60 TAPIOCA S
=]
o
P
2 a0
40 »
WHITE \MILO .
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20
MILO -
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50 €0 70 0o 20 TEMPERATURE, C

TEMPERATURE, *C

29

30

(Leach et al., 1959)



S SR |

11 1y
*oovinti yiinnii

gelatinized temperature

(Schoch, 1964)

1
Leach (1959)
2.5.2
Brookfield viscometer
(centipoise) 1 1 Brabender viscoamylograph
95 15
50
15
Brabender viscoamylogram
Brabender unit (B. .) Brabender

viscoamylogram 2.10
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TEMPERATURF. *C
50 65 N0 95 ——————mmm—v \- 95 00 65 50 —-———---mmmv - 50

1000

BOO

600

400

200

VISCOSITY, BRABENDER UNITS

30 60 90 120 150 180
TIME, MINUTES

2.10 Brabender viscoamylogram (Mazurs et
al., 1957)
Mazurs (1957) 5 viscoamylogram (
2.10) (peak viscosity A 95
( B 95 | ( O
50 () 50
1 (B Leelavathi
(1987) peak viscosity
(P) hot paste viscosity (H) cold paste viscosity (C) breakdown (H/P) setback

(CIP) total setback (C/H) relative breakdown {(P-H)/(C-H)}
Brabender viscoamylogram

pasting temperature
peak viscosity
peak temperature

peak viscosity
gelatinized temperature range



23

95
95
20
50
50
20
breakdown
peak viscosity
95 (Halick and Kelly,
1959; Deffenbaug and Walker, 1989) 95
95 (Mazurs et al., 1957)
95 peak viscosity 95
breakdown
breakdown peak viscosity
95 1
breakdown
breakdown 1
1
setback
50 peak viscosity
50
1 peak viscosity
50

peak viscosity setback 1 setback
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sethack ' 1 !
Brabender  viscoamylograph
viscoamylogram 211
Time (minutes)

1000

800

Viscosily (Brobender unils)

400¢+

2001

3

50 €5 00 95— ——99 80 65 50 ————————=150

Temperoture (°C)

30
T

Time (minutes)

90 120 150 ID
T T T

10001
. o
Z
=]
s 4
g 600} 2
3 35
@
= aoo} 30 T
2 25
> 20
200}
5
- A ! ! L L 1 A
50 65 80 95 95 80 65 50 —— > 50

Temperolure (*°C)

2.11  Brabender viscoamylogram

500
Mazurs

(1957)

Brabender viscoamylogram
(Schoch, 1967)
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25.3 (Gelatinization)
3 2.12
c §29=0 3
«
=
2 )
= complele
a cispersion
& |
G
3
& \
o}
o ] — pasling lemperalure
6o 100
AUUNH (DIANTATEIH)
2.12 (Sanders, 199)
1
birefringence 2

water bridge

birefringence ¢ " (gelatinization)
birefringence
gelatinized temperature Kofler hot-stage microscope
birefringence
Brabender viscoamylograph
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pasting temperature

peak temperature
peak viscosity

3
(Olkku and Rha, 1978; Blanshard, 1979; Sanders, 1996)
gelatinized temperature Kofler hot-stage microscope
Brabender viscoamylograph gelatinized temperature
(Little et al., 1958)
Brabender viscoamylograph

2.5.4 (Rétrogradation)

gelatinized temperature

paste

2.8
Iz 22771/ Z‘r 2 Tn(synerls)
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(Orford et
al,, 1987: Fan and Marks, 1998)
Juliano (1964a) 16
12 4
1
Juliano (1964b)
55 5
51 4
5.74 10.98 2.9
31.8 gelatinized temperature Brabender viscoamylograph
10 Halick Kelly (1959)
565 Tl peak viscosity 510 1085
B.U. % 40
625 BU.  sethack -405 +620 B.U.
Hettiarachchy (1997) 3
Universal texture analyzer ~ Brabender viscoamylograph
(textural properties)  pasting properties pasting properties

pasting properties
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La Grue fracturability hardness

amylograph consistensy ~ sethack 5201
Bengal
oc-amylase
15 45 La Grue
2 45 La Grue
5201 Bengal (35.77%) 2
La Grue(25.57%)  S201(21.60) 90 3
Hettiarachchy La grue
gelatinized temperature 2
Reddy (1994) (viscoelastic
properties® ' (rice-flour paste)
15
Brabender viscograph Sandhya Rani  Bhattachayya (1985; 1989)
95 40 95
50 1
95 1
viscoelastic properties oscillatory and stress relaxation test

(Amylose Equivalent  AE)
(true amylose soluble AE)
(amylopectin insoluble AE
) AE
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(elastic) AE
(inelastic) (fragile)
AE
(strong and elastic
pasteA AE
(thin and weak paste)
Li (199) ,
(rheological properties) mechanical spectrometer

Kaoshiung Sen 7 KSST
Taichung waxy 70 TCWT0

256 099 gelatinized temperature (onset)
DSC 12 64

(swelling power) (water solubility index)
2.13
2

85
Li (1996)
(0.99%)
10 ( storage

modulas (G)) dynamic rheometer)



cross-linked

Swelling Power (g/g)

2.13

Li

—*— KSS7-Sv*lling Pov.tr
—+—TCW70-Sv.tlhng Powtr

aging

30

Gl

recrystallization

Lii (1995)
X-ray diffractometer
a-type diffraction

—qy—KS$S7-W S|

50 r ——TCW70-WSI 1%

45 + 18

40 + 16

5T 14

30 ¢ L 12 _
S

25 + 30" o
v
-~

20 + lg -~

15 4 + 6

10 1 L 4

S + 2

0 + 1 + + + 0

50 55 60 65 70 80 85 90 95 100
Tcmecraturc('C)

(TCWT70) (Li et al., 1996)
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Hamaker  Griffin (1990; 1993)  Hamaker (1991)
9 2
3 4
(stickness) Brabender viscoamylograph
Newbonnet
pasting proprties 9 9
-
9
Brabender viscoamylogram Newbonnet
viscoamylogram
viscoamylogram
9

peak viscosity

(fragile) Brabender viscoamylograph
viscoamylogram ~ peak viscosity

Hamaker (1991)
32 60 kDa

60 kDa
-0.85
60 kDa



pasting properties

brookfield

32

60 kDa 0.96 (p<0.01)
60 kDa
pasting properties
1993 Hamaker Griffin
9 1990
(shear stress)
(fragility)
Bostwick
breakdown
breakdown
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Hibi (1994)
(internal starch)
1
palmitic acid
emulsifier 2 Tween 40 Span 40
hydrophilic emulsifier (Tween 40)
hydrophobic emulsifier (Span 40)
Tester Morrison (1990a)
cluster Cluster
birefringence
waxy starch , Priestley
(1976) (soluble amylose) 1-8
(soluble amylopectin)
14-72 (recrystallization)

(Orford
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et al., 1987)
94-98
78 (
29)
20
Tester — Morrison (1990D)
gelatinized temperature 3 (64-67 ) (68-74
) (75-79 ) swelling factor 80
gelatinized temperature 2-
42, 28-42 29-40 gelatinized
temperature gelatinized temperature
" gelatinized temperature
gelatinized temperature
gelatinized
temperature gelatinized

femperature



35

(cooking quality)

(.
2540 )
123 1 90 1
(snack food)
6 (arare)
105 ].5 21 (sembei)
!
(syrup)
(2540 ;  2539)

214942 23 wx



2.6 (Maltodextrin)

26.1

(Dextrose Equivalent, DE)

(spray dry) 1

1996)
oligomer macromolecule
DE
Van Beynum
2 pe 10-14
pe 15-19
Kenedy
3 DE 15-18
2 DE

20

36

/ ot-amylase
20 (Verwaerde and Sicard, 1984; Schenck,

D-glucose

DE

Roels (1985)
1 1

(1985) 1 4
1 e 58 2 oE 11-14
4 oe 18-20 Pszczola (1991)
a-amylase
Pszczola
3
DE 10
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DE
browning DE
DE 15-20
2.4 Setser and Racette (1992)  Alexander (1994)
DE
1 Degree of polymerization (DP)ph
DE
1 DP
(Brook and Griffin, 1987a)
ABBRA
Maldex 100 DE DP
Liquid chromatography

DE (%DP1)(1.00)+ (%DP2)(0.581)+ (%DP3)(0.395)+ (%DP4)(0.298)+

(%DP5)(0.242)+ (%DP6)(0.208)+ (%DP7)(0.157)+ (%DP8)(0.136)+

(%DP9)(0.126)+ (%DPL0)(0.109)+ (%DP1L)(0.096)+ (%DP12)(0.084)

37

DE



2.4
Alexander (1994))

Roquette

Grain
Processing

Avebe
America

Roquette

National
Starch
and
Chemical
Zumbro/
IFP

DE

38

Setser and Racette (1992)

amylase
DE
et-
amylase
a -
amylase
HTST

(High temperature and short time)

amylase



26.2

starch)
and Kimball, 1976)

1984)

(gelatinization)

39

(starch  derivatives) (modified

(Harjes and Wermers, 1976; Hom

(Lee and Kim, 1990 Linko et al.,

(liquefaction) ~ (Pomeranz ~ and

Shellenberger, 1962; Slott and Madsen, 1975; Brooks and Griffin, 1987a)

2

214

AR

e

L

|

i <—— Wnnuseu

nasvn Wutlan

l <+—— nsauaz/vsaeulad Ol-amylase

Liquefaction

v
a4

l

Iy

|

L%
BUUUN

l

2.14
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gelatinized temperature

m.
amylase
(Kennedy, 1987)
liquefaction
/ ot-amylase
0.12-0.15 30-40 pH 2
140-160 15-20
(NaC03  pH 4-5.5 (Thompson et
al., 1954; Palmer, 1970)
reversion’
disaccharide (3-maltose (3-isomaltose (Thompson et
al., 1954)
Ot-amylase
Ot-14 01-1,6 glucosidic
rétrogradation
Ot-amylase

Ot-1,4-glucan-4-glucanohydrolase, EC 3.2.1.1
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(X-1,4-glucosidic {
(endo-spiltting) 2.15 (Tegge, 1984)
A______ Amytese (a straight chain polymer) B Amytopectin (a branct>ed m
aales* (<)
oy A b .
0 O, P
“0- 20 oy X
) . -
B::r\:-odunalocrv.\'r'\.
2.15 a-amylase
a-amylase
. 1960 a-amylase Bacillus  subtilis var.
amyloliquefaciens 70
85-90 pH 6
150-200 (ppm) (Norman, 1981; Hebeda and
Teague,199%4)
a-amylase
a-amylase
(Hebeda and Teague, 1994)
a-amylase Bacillus
licheniformis 1 Termamyl 1201
92 110
' 50,000
2 (Norman,

1981; Reilly, 1985)



amylase

stage enzyme process) (Richter et al., 1976a; 1976h; Lenchin et al., 1985; Griffin and
Brooks, 1989; McPherson and Seib, 1997)

2

2.16

OC-amylase

2

B SUBTILIS
ALPHA-AMYLASE

Y

STARCH SLURRY
30-40% SOLIDS
pH 6-6.5
200-400 PPM CALCIUM (DB)

i

FIRST STAGE
LIQUEFACTION
85-90°C, 60 MINUTES

Y

HEAT TREATMENT
120-140°C, 5-10 MINUTES

Y

SECOND STAGE
LIQUEFACTION
85°C, 60 MINUTES

(Hebeda and Teague, 1994)

ct-amylase

(Two-stage enzyme process) (Armbruster
et al, 1971, Armbruster, 1974; Fullbrook,1984)

2.16

B. STEAROTHERMOPHILUS OR -
B. LICHENIFORMIS
ALPHA-AMYLASE

Y

STARCH SLURRY
35-40% SOLIDS
pH 6-6.5
100-200 PPM CALCIUM (DB)

Y

FIRST STAGE
LIQUEFACTION
103-107°C, 5-10 MINUTES

SECOND
ENZYME
ADDITION

SECOND STAGE
LIQUEFACTION
80-98°C, 1-2 HOURS

—®— 10-15 DE HYDROLYZATE 4—l

(Ot-14 glucosidic bond)



43

(01-1,6 glucosidic bond)

[ Robyt French (1963)
Birch Blakebrough (1981) Griffin ~ Brooks (1989) McPherson and Seib
(1997) 0c-amylase B.
licheniformis (DP3)
(DP6) (DP7)

2
liquefaction
HCI
ot-amylase

oc-amylase

liquefaction starch hydrolyzates DE

DE
Na2C03
starch hydrolyzates (Refining or Clarification)
browning activated carbon
' NaCl Na2C03
jon exchanger microfiltration

(Singh and Cheryan, 1997)

50-70
(Dziedzic and Kearsley, 1984)
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DE
(vacuum oven) (evaporator)
DE ’
spray dryer, drum dryer

Yankov (1986)
a-amylase . licheniformis MBS0

Termamyl 60L
300 56 (X
amylase . licheniformis MBS0 pH 7.0

100 Termamyl 60L
pH 6.5 95

DE 2.17

Dexirose equivalent

2.17 DE Termamyl

60L a-amylase . licheniformis MB80
(Yankov et al., 1986)
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Brook Griffin (1987a) 2
OC-amylase (Termamyl 1201, Novo) 0 liquefied starch
10 CaCl2200 ppm pH 3
5.5 6.5 1.5 OC-amylase (Termamyl 120 (~ Novo) 0.01
607080 90 15
pH 6.5 % liquefied starch % liquefied starch
90 %liquefied starch 82.18
86.52 % liquefied starch
gelatinized temperature (70 )
(76.3 ) pH % liquefied starch
90 pH 6.5

% liquefied starch
% liquefied starch
% liquefied starch

(DP1-10) DP 1-10
G riffin Brooks (1989) yield
oC-amylase
Nortai 30 CaCl2200 ppm
o 65 0c-amylase (termamyl 0L novey 001
7080909 97 1545 15
(liquefied starch)
0 % 45 80 97
15 15
97

Nortai 80
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80 97
15 0 % 45
gelatinized
temperature (70 )
DP  1-10
80 %DP1-10
80 15 % DP >10
2.5
80
75 1
Griffin Brooks (1989)
(pattern® 1 1
saccharides (DP1-10) HPLC CB5 plastic
cartridge column solvent  20% acetonitrile - 80% water hydrolyzates
1.0 mg/mL 15 fiL elution rate 1.0 mL/min
(Brooks and Griffin, 1987D) DP1-10
DP3  DP6
Morehouse (1972) !
DE < 18 ot-amylase 2
DE <3 pH 6.5-7.5 ot-amylase 3000-6000
SKB unit/lb starch 85-95 5-20 starch
hydrolyzates ~ DE < 3 ot-amylase
Ot-amylase 300-3000 SKB unit/lb starch 16 pH 7-8

DE 8-18
2.6
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25  DE

a-amylase a (Brook and
Griffin, 1989)
Temperature Time DE %DP1-10 %DP1- %DP>10
(°C) (min) 10:0E
10 15 6.29 19.26 3.06 80.74
45 8.71 26.00 2.99 74.00
15 11.04 34.60 3.13 65.4
80 15 5.08 24.26 478 15.74
45 8.13 3157 3.88 68.43
15 10.00 40.95 4.10 59.09
90 15 3.75 16.09 4.29 83.91
45 5.46 20.93 3.83 79.07
15 8.08 29.64 3.67 70.36
9 15 4,07 15.68 3.85 84.32
45 5.69 21.32 3.75 78.68
15 8.16 28.97 3.55 71.03
97 15 4,02 14.94 3.72 85.06
45 5.55 19.27 34T 80.73

5 5.96 19.08 3.20 80.92

Values expressed on a liquefied starch basis
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2.6

OC-amylase 2 degree of polymerization
(DP) (Morehouse et al., 1972)

DE DPL DP2 DP3 DP4 DP5 DP6 DP7 DP§ DP9 DPL0 DP>10
8§ 10 35 50 45 40 65 60 40 25 20 65
10 10 50 65 55 45 90 80 50 30 10 52
210 55 75 65 50 110 100 55 30 10 40
14 10 55 85 65 55 130 120 60 30 10 32
6 10 55 95 70 60 150 135 60 25 10 30
8 10 60 1200 70 65 170 1556 60 25 10 24

2.6 0C-
amylase 2
rétrogradation DE
(DP>10) (DP=1-10)
1
) DP
1-10 (DP=1)
(DP=2) < 1% < 6%
DE DP3 DP6-7
McPherson Seib (1997) DE 2-3
Ol-amylase
Paselli SA-2® Maltrin M040®
4 saccharides (DP1-10) High - Performance
Anion - Exchange Chromatography (HPAEC) Dionex Carbopac PAl1 column
(4x250 mm) fitted with a Carbopac Guard column (3x25 mm) Shi
Seib (1992) DP 1-20 4

(DP3) (DP7)
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a-amylase
5
5
5
(DP1-7)
5 paper chromatography

technique  HPLC
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