21 (surface coating) [9]
2.1.1
2111 (Paint)
(vehicle) (solvent)
4
power)

(monoazo pigment)

(extender)

- (solvent)

(china clay)

mx' I

N ifliouiti 31

3
(pigment) (binder)
(additives)
(hiding
(binder)

(pellet)



2112 ?  (Varnish) ?

2113 (Lacquer)

2.1.2

(Solvent-based coatings)
50
(Volatile organic compounds: VOCSs)
VOCs

(photochemical smog)

(organic solvent)
(glycol) VOCs

(Water-borne/based  coatings)

(Latex-based coatings) -
(Water reducible

coatings)

“aqueous dispersion resin"
(Emulsion paints)

(latex paint) (plastic paint)



(internal, inner or disperse phase)

(external, outer or continuous phase or dispersion medium)

2
(oil-in-water) 0/
(water-in-oil)
/0
(emulsifying agent emulsifier)
(surfactant) 3
1 1 1-

(Styrene- Butadiene Latex)

60: 40 67: 33

1 (Polyvinyl acetate Latex) -

(protective  colloids) 2

(Acrylic  Emulsion)

(initiator)

( )



2.13 (Film formation)
3
(application)
(fixation)
(latex system)
(curing)
2.2 (Rheology) [11 12]
(Rheology) rheo to flow
science Bingham Crawford
(deformation)/n (flow) (mechanical force)
(viscoelastic behavior)
(penetration)
(adhesion) (coating defects)
221 (Flow) 2
(Newtonian Non-Newtonian flow) 21

logos



Thermoplastics
Clay, Tar

Paper pulp
Grease
Soap, Paint

Water

Gasoline
/ Motor oils

T (shear stress)

Beach sand
Starch in water

‘Y (shear rate)

2.1

5
1 Newtonian Fluid
(shear rate)
2 Pseudoplastic
(shear thinning)
3 Dilatant Fluid
“shear thickening" '
4 Bingham Plastic
Newtonian Fluid

5 Plastic
(Pseudoplastic) Herschel-Buckley
2211 (Newtonian systems) 13

(Newtonian’s Law of Flow)



d 4
mmgn

de v d 4
WRYYMANAREUN

A- AuAMRR
——— <X
2.2
(dv)
(dr) (velocity gradient)
(rate of shear shear rate) 2.1
to—ge 2.1
¥ . ( ) (2.1)
(FIA)
(shear stress) 2.2
=—- (dyne/cm?2, Pa) 2 2
A
(shear stress)
2.3
r = y' ( ) (23)




coefficient of viscosity viscosity

7 =-7 ( ) @ 49
Y*
2.4
(rheogram) (flow curve)
2.3

4 ANUTY = ANUULiA

[cs]

@

=

Llcw

=

c

(g

&

> =J
AT INDU

=1

7U# 2. 3 nsinasivssesssumnasiiinasiwauuuiiafu (Newtonian)

22.1.2 ' S (Non-Newtonian Systems)
(dispersion systems)

3 Plastic, Pseudoplastic Dilatant



12

(Plastic flow Bingham bodies)
(vield value yield stress)
2. 4
, ' (Newtonian)

(plastic  viscosity, //)

25

p=-— ( ) (259

T (shear

stress) 1

Rate of shear

/—’ ’Z--")

Shesrng stress

2.4 (Plastic flow)

, “Bingham bodies”



2.5
A= B= '
(vield stress)
(yield stress)
1
2. (Surfactant deflocculating agent)

(Pseudoplastic flow Shear thinning system)

(vield stress)

- (apparent viscosity)

(shear thinning)

13



Rate of shear

Searg strHf(

(power law)
2.6
=Ky (2. 6)
1
1
K consistency index '
log r* = log K - log y (2.7)

log ' log r
Y log K
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=Ky’ (2.8)

(Dilatant flow Shear thickening system)

(shear thickening)

2.8 2.6

Rale of shear

Shearing stress

( 50)



increasing

2.2.2

2.9

100

(dyne.s.cm'2)

(poise)

2.2.3

2.9
(Viscosity)
1
1
(shear strain rate)
(N/m2.,= Pa.s):V = dv dr
(Pa. )

gram. (cm'l 1)

1 a

(Fluidity, g

(Thixotropy)

(up curve)

eta
(shear stress)
2-3
N/m?2
( ) (2.9)
(m/s/m)
1
= 100 )

16



2. 10
3
G Pseudtplastic
K ’
) }\, . Plastic
&
v
d
/
Shearing stress
2. 10

(hysteresis loop)

(three dimensional network)

(gel-like to sol-like)

(brownian movement)

(negative thixotropy anti-thixotropy)

30

17
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2.2.4 (Viscoelastic properties)
(phase angle)
90
0 90
211
oaal® e o Phase angle () o 20
Strain ! ;\/ \/
— . N
R N NI

Apply strain doformation

Phase angle

|
3

G' Strain

Complex Stress

| Phase angle

(14]
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G* =Vg22+G"2 (2. 10)

G* = 1 1 1

G’ = ( )

G = ( )

(tan
delta) (11*)
Eta*
= (2.11)
10
(stress-controlled rheometer)
2,12
solution i gel
—5 B
€ - o S
o | - - ‘ av 9
I o
a ) P
! il
T T
v I
1
iota i m kK o m v "
2. 12

[15]
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2.3 (Rheology modifier) [16]

2.1
1
(10 - 100
)
2
104 ' Y
2.1 [16]
(Water) 24.2
(Thickener) 0.1
(Defoamer) 0.5
(Dispersing agent) 0.6
(Preservative) 0.1
(Filler) 11.0
(Pigment) 18.0
( ) (Binder/latex) 45.5

100.0



k7
n137tiat

. 13

1,

10 no!

T T T Try TrrmT—TTrTITT

High mw EHEC

HM-EHEC .

)10Iay

'g Low mw EHEC E
b
>
e
10° 10 107 10° 10 10° 10° 10°
Shear rate (s")
(EHEC)
[16]
(shear profile)
2
(leveling)
2
_ : n)
2. 14 [16]

) (sagging)

) (leveling)

21



104

derivatives (HMHEC

PEG '

HM-EHEC), HM-PEG

(

HM-acrylates

2. 15)

22

hydrophobically modified cellulose
HM-acrylates
HM-
HM-EHEC

HM-PEGU' HM-EHEC
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3%owiw HVFEHEC

10° 29%wiw I-{\'M-aér'y\f'attle

2
Z 3"/ WS 199CP 0o
100
%
10
103 102 101 .. 101 102 10
()
215 c
: ' [16]
24 (starch) [17,18 19]
241
1
6:10:5 (C6H1005)n
(flour)
(starch)
(anhydroglucose unit) -
(glucosidic linkage) 1
reducing end group
2 ( ) ( )

2 16



24

Non-reducing end u-(1,4) linkage Reducing end
CH;O0H CH,OH ® CH,0H CH,0H
s ‘
W Ao ok | n ,ﬁ———o\n W A—o M
OH H ‘KWOH H 1 OH H
HO 0 lo] » s 0 y —OH
H OH H
Amylose
CH;0H CH,0H
H A 0,\\H H O\\ H
OH H OH H
-0 o ; 0 - u-(1,6)-linkage
CH,0H CH,OH O °(’ZH CHOH
> Fy 2 .
HA—o uw w b—o n wl—o w w }— o_ H
~H ~ ~H N H Ny ~H
OH H OH H OH H OH H
-0 ¥ o : o] . I il —0
H H OH H OH OH
Amylopectin
2. 16 [17]
(Amylose)
200
2000 a-1, 4-glucosidic linkage
150,000 1,000,000 ' '
DP
1,000 6,000 DP 200
1,200
(rétrogradation) '
28

! 17-20
80 waxy starch

8-29

(amylomaize)

16-18



Wl —-—a)

«-(1-= 4) linkage

\
A
CH,OH A CH,0H CH,OH CH,OH
A—O \ (A0, A4—0 ,-i—O\
KoH ¥ KoH >~ NoH ] KoH ’l
f—t S0 oy to N— Lo
OH OH OH OH oP
2. 17 [Fernando, 2004]
(Amylopectin)
a-1, 4-glucosidic
DP 10-60 a-1-6- glucosidic
a-1,6-glucosidic linkage 5
2. 18

25

2. 18 [18]



1937

Hazukuri
3 A
6 B
2 C11
1 2.19
DP 15
DP 45
(cluster)
10
a-1-6
| 1‘ |
Adlilive
i
AV
N \..
JI\}) 2= enl
/(
[18]

26

DP



27

2.4.2 [19]
1-100
15
(truncated hilum)
[20]
0.7-20
(20 )

2. 20
7 &
."', t) '{QGEC@Q /)
[ Rosy \,
[ %,. ék /,’
N
e el
2. 20 [21]
growth ring
growth ring
growth ring
SEM growth ring
(hilum) [22]

reducing end non-reducing end



28

[23]
(birefringence

polarization cross maltese cross)

[24]

2.21 [17]

2.4.3 ' : 1 [25]

25-30

(hydration) 60

(micelle network)

2. 22



&_a> :
Native Granules Swollen Granules
2. 22 [25]

29



30

(esterification) (etherification)
20
20
2.4.4. (Gelatinization)
(-OH)
1 1
3
1
birefringence
10
2
gelatinmization birefringence

Maltese cross



31

. e
) *i)jv B \ «
N \
(BRI EEEE ®
i «‘»h‘ > -
] ity /

|
Tp  Temperature (*t)

2.23 [21,25]

(double helical region)

mobility

2. 24 [25]



Kofler (Kofler hot stage microscope)

2
(initial of gelatinization)
50 (midpoint of gelatinization)
98
(final of gelatinization ~ completion point)]

Birefringence end point temperature (BEPT)w
birefringence

differential scanning calorimeter (DSC)

160 200
10

DSC
0 70
2.25 heat flow



Heatflow —*

24.5

‘l/\ Japanese green canna

_____‘/¥ Mungbean
——/\ Cassava
a0 80 80 100 120
Temperature (°C)
2. 25 DSC thermogram [29]
(Rétrogradation)
2.26
(X-ray diffraction)
1
1

Waxy

33



100-200
1,000-6,000
(Brownian movement)
1
Syneresis
(pH) 57 (anion)
(cation)
2. 26 [21]
1

100-200
100-160



2.4.6

sethack

et D510 VISCOSTlY

(Viscosity)

(peak viscosity)

pasti

2.21

ng temperature

95 1
)
(rétrogradation)
: ]
¥ 1 0D
I ANEY
! Do iy g
{ S| b
o ’ ASHRY {‘é\.
o 3
V‘O,b -— pastaig temperanare
€0 100
Teparature [ C)
2. 21 [29]

Brabender amylograph

35



9 10-15

36

50
metal pin
cartridge
Brabender ~ Amylograph
Brabender Unit (B.U) (centripoise)
5 500 B.U. 2700 centipoise
24.3
15-45 [26]
4 ABC V
A 17 1792
B 5.6 172
49 [26]
C A B 56 179
[27]
V 18131920  22-23

(28]



37

(OP 10-13)
A B
A
(hexagonal unit cell)
36 A[29] B

2.28 A B [25]
Aff/-b\m
B Tuber
Tuber and Seed
C
Helical
Amylose Complexes

10 20 30
Reflection Angle (26)

2. 29 4 ABC



25
BeMiller and Bafayette, 1997 [30]
25.1 (physical modification)
2.6.1.1 (pregelatinized  starch)
26.1.2 (granule cold water soluble: GCWSS)
26.1.3 (ball milling treatment)
2.6.2 (biology modification)
2.6.2.1 waxy starch
2.6.2.2 high amylosed starch
26.2.3 (hydrolysis)
26.3 (Chemical modification)
2631 (derivertization)
L
2 1 (closslink)
2.6.3.2
2633 (dextrinization)
(depolymerization/transglycosylation)
2634 (oxidation)

(bleaching  depolymerization)

38



50

[32, 33]

(-0H)

39

( 45-

1,000 [31]

(micro channel)

(anhydroglucose unit, AGU)

23 6 10 3

3

[34]

(2. 12)
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2.30 [34]
|
01 02
2.6
26.1 (pregelatinized starches)
Spray-dryer  heated rol
bodying agent
sizing agent
1

2.6.2. (acid-modified thin-cooking starches)
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(40-60 ) 1 ' [35]
5
%
[36]
2.6.3 (cross-linked starch)
1
(multifunctional reagent) (crosslinking agent)
1 20-

50

[37]

264 (oxidized starches)

70
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265 [3]

(mono-starch substitution)

(0.03-0.10)
( > 02

(blood

plasma estender) (extender) -

[39]

2.8 [25]

231
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STEARC

2.31 [29]
2.32
215
40
(metaphosphate) 2 10,000

waxy (long cohesive)
(viscoelastic)

(sholt, fluffy)

2.32
)



2.8

manioc

VISCOSITY [BRABINDEA UNITS)
VISCOMTY (POISLS)

232 [25]
[19]

cassava, andioca, yacca, tapioca
(dicotyedonease)
Euphobioaceae Manihot esculenta Cranta (
Manihot utilissima Pohl.)

Manioc Madioca
Manioc

Tapioka  Tipyoka Tapioca

Kasabi Cacabhi Cassabe Cassava
Yuca

34, 40]



281

[41]

2.2

[42]

Table 12.1 Proximate analysis of cassava roots

Moisture (% wet besis)
Carbohydrate (%, wet besis)
Protein (N X 6.25% wet besis)

Fat (% wet besis)
Ash (%, wet basis)

Vitamin ¢ (mg/kg)

Source*

1

63.28
2073
118
0.08
0.85
0.99
0.26
004
na
na

2

9.40
38.10
0.70
0.20
100
0.60
na
400
na
2

[18,25]
[19]

3 4

66.00 70.25 61.92

26.00 26.58 3B7

100 112 070

0.30 041 010

n.ab 0 092

1.00 11 068

na na na

na na na

na na na

na na na

*1 = reference 2; 2 = reference3, 3= reference 4, 4 = reference ; 5 = experimental data of authors

Sriroth and Piyachormkwan

bn.a., not available

2.3

Attribute

Moisture content (% maximum)
Starch content (% minimum)
Ash (% maximum)

pH

Whiteness (Kett scale, minimum)

Viscosity Barbender unit, BU, minimum at 6%dry weight

concentration

Sulfur dioxide content (ppm, maximum)

Cyanide content
Appearance

[19]

Specification

13

85

0.2

50to 7.0
0

600

30
nil
White, no speck, fresh odor

45
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17-20
0-70 0-40
beta-amylolysis limit

(degree of polymerization, DP)

3 A Bl
1 Fraction 1

[43]
4-35
light scattering
[44] 0.2
40

* Isoamylase-debranched amyiopectin of KU 50
« Isoamyiase-debranched amyiopectin of R5

A ® DPn
= ]
10 L]
.
. .
€ ". g
K - 5
S T 8
: ¢ 0 3
5 6 "‘. ' "v 5
E ? 1 Qe £
8 | &f P -
5 | L. [+
LA e d Ll -
1 &
' s g
g 10 £
o
2 Frl TEL | Fem I_. L
0 N . e Ly
50 100 150 200 250 300

Elution volume (ml.)

2. 33 debranched
[19]



ViscoAmylograph [45]

(setback)

50

a7

Brabender

(cohesive body)
Waxy

17



Types of starch Water

Uncooked Cooked

Native cassava

starch 1
i& t/

Hydroxypropyiated
cassava starch

Crosslinked cassava ' =" 4 *
starch

Acetylated cassava w v
starch

Cassava starch
phosphate monoester

2. 34

[30]

30-40

spray drying

48

With sucrose With sodium chloride

Uncooked Cooked Uncooked Cooked
s =T AE
»J it r;* , T hy
Y
4f1
1il
\ i
1 1 J 4
1
™
oy
ry

5 [19]

hot drum  160-170

steam injection
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(Tao starch)

50

Wurzburg, 1986 [47]

[49]

[50]

[49]

[51,52]

[53]

antisense granule-
bound starch synthase (GBSS) [54]



50

2.9
1 (esterification)
(-OH) (-COCH2CH2CH=CH-(CH24
CH2COONa)
'l
2.35
CH,0U /)
(I/O = i 5
o’ \cuz—%‘u—lcl‘,—o@ ONa
"H,
Ly
lCIH
((l:”-")4
CH;
2,35 [55]

(hydrophobic group)

rétrogradation
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11

[56]

2.10

Kasner , 2001 [57]
(Hydroxyethyl  cellulose:  HEC)
(Hydrophilically modified hydroxyethylcellulose: HMHEC)

1 " (Acrylate-styrene copolymer: ASD) HEC
HMHEC
(side chain)
HEC
HMHEC
, 2007 [58]
HMHEC HEC
HMHEC
HMHEC

HEC 2.36
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000 - P || A=

0011 oL 1

Concentration of polymer ( t%)

2. 36 f HMHEC
HEC

|hara , 2004 [59]
(Hydrophilically (sulfonic acid salt group)
Modified Hydroxyethylcellulose:  HHM-HEC)

(stearyl alkyl)

(thickening mechanism) ~ HHM-HEC 3
L
critical aggregate concentration (cac)
2 cac
3
HHM-HEC

Akiyama , 2005 [60] ' HHM-HECI 11
(HHM-HEC/ | ) HHM-
HEC
( 0.6 )

HHM-HECH (protective colloid)

HHM-
HEC/ | HHM-HEC/ HHM-
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HEC
HHM-HEC
(acid-hydrolysis) (oxidation)
(etherification) (esterification) (cross-linking)

(octenyl  succinic - anhydride:
OSA)  Patent  Cardwell ~ Wurzburg, 1953 [4]

(emulsifier) 1

25-35 36
8-8.5 30-35 0sa 3
0.017-0.025
Bhosale  Singhal, 2006 [7]
1 3
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Viswanthan,1999 [61]

(resistant starch)
[56]
2,3 68 59
3 15

0SA (associative
thickener)
associative thickener
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