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=2 TN S 2 TR ~SEYJC R NG S

1

3417

4.1

3.33

(

10
10
10
10
10
10

(kg)

| 2542)

(kg)
3.451
3.379
3.499
3.330
3,550
3.626

60.12

1.09

41

83.71

(flour)

(Yhyield)

34.51
33.79
34.99
33.30
35.50
36.26

Kapur

0.63

(%)

34.77+1.08

4.2

11.24

(1980)

(2527)



)
4.2
2
(%n) 60.1240.50
(%db, Nx6.25) 11.24+0.31
(%ch) 0.63£0.03
(%ch) 3.3340.16
(%ch) 1.09+0.26
(%) 871 +0.62
: (% dry basis )
% =100-(%  +%
2 5 +
3 (2527)
4.2
3
Stone mil Ball mill
(Godoy , 1992 Jumduang
1996 ; Chen , 1999 Piacquadio

3

Mohamad,1994  Varavinit
, 2000)

44

2% 54

{Trapa hishinosa Roxb.)
3

830
1545
0.49
320
1n
19.15

+% ' %)

Shobsngoab,



45

421 , 1
(significance)
4.3
(p<0.05)
3
43 (p>F) 1
1
2 df pH
Goyed) ) %) (o
A 1 0.000% 0469 0238 0070 0073
() 1 0.000% 0.042*  0.001* 0.000* 0.140
€ 1 0.000% 0727 0962  0.000* 0.403
AX 1 0.051 0146 0907 0836 0582
AXC 1 0.948 0640 0957  0.669  0.105
BxC 1 0.013* 0111 0693  0.025* 0673
AXBXC 1 0.121 0529 0867  0.034* 0.140
Error 16
2 ( ) ) (Stone mil
Ball mill) !
*k 99 (p<0.02)

. % (<0.05)
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43

Ball mil (86.24%) 44
Stone  mill (59.11%)

Stone mill
4
(starch granule)
(Uriyapongson and Rayas-Duarte, 1994)
Ball mill Stone mill
Ball mill Stone mill
4.4
1(%yield)
Stone mil 67.07+4.35h
Ball mill 86.2413.50 a
Stone mill 59.1115.46 ¢
Ball mill 71.4617.80 b
1 6 £

a, C. (p<0.05)



1

45
(%)1

11.58+0.76
11.7510.37

11.4210.45h
11.9110.633
3
Stone mill 11.7110.66
Ball mil 11.6310.54
12 +

a.b.c...

(p<0.05)
(>0.05)

4.6

Stone mill FDS
Ball mil  FDB
Stone mill  FWS
Ball mill  FWB
Stone mill  BDS
Ball mill  BDB
Stone mill - BWS
Ball mil  BWB

(p>0.05)

(%)

10.6410.75
10.3210.81

11.0110.31a
9.9510.74 b

10.4910.82
10.4810.76

(phi?
1) pH*®

21110.17h  6.2710.02
3.161 0.26a  6.291 0.02
0.8710.08e  6.2810.21
1.8910.43 0  63110.14
1531 0.14«d  6.391 0.07
3.0010.28a  6.4210.02
08610.026  6.1810.10
1.2610.09¢e  6.2810.28

(p<0.05)

47



4.5

, 31) (55
2 )
Piacquadio (2000) 2 (Fuio  CMS 8806)

(568  1305% ) (1045 790

43
(p<0.05)
4.5
Chemt (1999)

(p<0.05)  Piacquadiou (2000)
(flountf 2 (Fuio  CMS 8806)
2 (99  8.78%)
(55  8.23%)

90 1
Godoy (1991)
(flour)L 100 1
(p<0.05)



1
4.3 3
FDB BDB (.16 3.00%
4.6
Ball mil
Ball mil
FWS BWS
(0.87 0.86% )
(chen , 1999)
6.18-6.42 4.6
( pH 4.5-7.0)
( pH 5.0-7.0 ) 274-2521 638-2529 (

2521 . 2529)



4.2.2

4.8

4.7

AX
AXC
BXC
AXBXC
Error

*%

glucoamylase
(%)

1
glucoamylase
(p>F)
df

(
1 0.000%* 0.000%
1 0.177 0.000%
1 0.000% 0.000%
1 0.631 0.319
1 0.022* 0.889
1 0.042* 0.778
1 0.887 0.445
16

99 (p<0.01)

95

(p<0.05)

0.000**
0.822
0.166
0.111
0.969
0.539
0.640

4.1

(%)

0.073
0.939
0.000*
0.537
0911
0.304
0.379



4.8 (p>F)

(P>F)
Df
L a L a
(A) 1 0.001* 0.000%  0.000* 0.000* 0.000** 0.000**  0.000** 0.000**
() 1 0.000% 0.000% 091  0.000* 0.014* 0.002**  0.000* 0.014*
() 1099 0161 083  0.948 0.268 0.084 0.000**  0.429
AX 1 039  0.000*  0.005* 0975 0.192 0.982 0.020*  0.288
AXC 1 0571  0.09 0101 0.921 0.923 0.929 0.001*  0.897
BXC 1 0284 0425 0.035* 0.168 0.372 0.130 0.009**  0.263
AXBXC 1 0497  0.032¢ 0628 0546 0.536 0.284 0.001*  0.637
Error 16
» 99 f  (p<0.01)

* 95 (p<0.05)



4.9

4.9

anc..

4.10

4.1

(p<0.05)
4.10 41 4.2
(m)
stone mill 110.97+2.90a
Ball mill 85.22 +6.45¢
Stone mil 116.68+3.80a
Ball mil 100.4016.01b
(p<0.%)
(m)
Stone 114.3312.933
Ball 89.19+8.21h
Stone 113.3115.763
Ball 96.43110.83 b

(<0.05)

52
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150

E

3

()]

N 100 4 ’ - |

@ WU |

S

5 B an

2 2

©

()]

=

0 4
Stone mill ball mill
41

B dry milling
& wetmilling

stone mill ball mill

4.2



4.9 41 Stone mill
ball mill
(p<0.05) Stone mill
(0>0.05)
Stone mill
Ball mill chamber
Ball mill
mill Stone mill
410 4.2
Stone mill Ball mill
glucoamylase
semi-crystalline
glucoamylase
4.7 4.11 3

glucoamylase (p<0.05) 3

Ball



411

stone mill
Ball mill

abc..

glucoamylase

glucoamylase1(%)

15.8743.93b 1376416210 102.56114.94 N
25.80+4.81a 170.59114.36a  98.45115.82 N6
23.3946.73a 1535912361 N6 100.59114.18 N6
18.27+5.71 b 154.64116.71 N6 100.42116.78 NS
18.01+6.00 b 157.42120.78 N6 114.5016.30s
23.6416.24a 150.81119.54 N6 86.5113.93b
2 =
(<0.05)
(n>0.05)
freeze B blanch | drymiling B wetmiling | stone mill 0 ball mill

(%)

UNANRI AT

¥

UFuou

e e a
MatATENIN AL

4.3

' <l '
n;\iTu 1Rl

glucoamylase
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(p<0.05)
(p<0.05)
(Jumduang Mohamed, 1994)
Piacquadio(2000) (com flour)
9 0037 6
(Piacquadio, 2000)
Ball mill Stone mill
Ball mill ball
impact (Fellows, 1990)  stone mil single
dise shear Ball mil
Stone mil ( 4.9 4.10)
Stone mill
Tamaki (1997) Ball mill
amylase
amylase

Ball mill Ball mill
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4.3 4.11
(p<0.05)
Godoy (1992)
100 1
(Flour) 4.12
412 (Flour)
(Flour) (Yowiw)
1
137.64+5.95
170.75+13.75
2 118.71+2.50
3
114
0 °C ) 125
(100% ) 223
3 68
Wing bean flour 210
Wing bean flour4(heat process) 290
Green g bean flourd 210+20

; 2Jumduang and Mohamed(1994);3Godoy et al. (1992)
ANarayana and Rao(1982);5Dzudie and Hardly (1996)



Stone mill
mill
(exposed™l

Ball mill

Stone mill 4.4
(FWB)

43 41
(p<0.05)
Ball mill stone
-OH
Ball mill
glucoamylase
stone mill

Ball mill
Ball mill
Stone mill(FWS)

Ball mill ( 3500 )

4.4
Stone mill SEM

Stone mill ( 3500 )

Ball mill



48
oxidase
peroxidase test
1
100
Varavinit hobsngob(1996)
(p<0.05) 48
(p<0.05) 413
polyphenol oxidase peroxidase
Varavinit hobsngob(1996)
48

4.13

peroxidase
90

peroxidase

413

59

(p<0.05)
(p<0.05)
polyphenol

100



413

NS
stone mill
Ball mill

Ns

414

Error

*%

(p<0.05)

(p<0.05)
(p>0.05)

16

85.91+1.67 b
87.719+1.34a

66.0311.35a
85.6711.28 b

86.8411.44
86.8612.10

12 ¢

25°c, 4hr
0.000**

4ec, 2 hr

0.000*

99 (p<0.01)

62.19+1.39h
66.0611.41 a

64.8411.874a
63.4112.73h

63.9212.47
64.3312.43

(p>F)

0.000+*

dec, T2hr



ab,.c..

4.15

Stone il
Ball mill
Stone mill
Ball mill
Stone mill
Ball mill
Stone mill
Ball mill

FDS
FDB
FWS

BDS
BDB
BWS
BWB

25 %<, 4hr
4.614+0.183 b
3.848+0.123cd
5.310+0.100 a
4.7970.161 b
3.987+0.263¢
3.486£0.100d
4.9410.343a
4516+0.471 b

4 (2N
6.102+0.203 bt
4.777£01.074
7,462 0241 3
7.229£0071 3
5.770£0228 ¢
3.752+0.032 ¢
6.530+0.443
5,673+ 0,503 ¢

(p<0.05)

(N
dec T2M0

12,676+ 1.350 ¢
9.742+0.081 6
15.984+0.051 3
14.027+0.425 b
8.688+0.566 6
5.347+0.150f
13.243+0.588 It
10.953+0.862 d



% R
3 1 25
2 3 4 412
Texture Analyzer
(p<0.05) 414 415
FWS( - - tone mill)
(5.310, 7.462  15.984) 25
' 4 248 T2
4.15 BDB( - all mill)

(486, 3752  5347)

4.5)

Stone mill
Ball  mill

Stone mill

(Jumduang

Stone mill

FWS

Mohamed, 1994)
Ball mill

Stong  mill

62

14

44
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RVA(Rapid Visco
Analyser) Brabender Viscoamylograph

RVA

pasting curve
Brabender Viscoamylograph RVA
15 pasting temperature( ) peak viscosity
( ) Minimum viscosity( ) final viscosity( )
breakdown! ) sethack! )

4.16 peak
viscosity, Minimum viscosity, final viscosity, breakdown  setback

1n<0.05) pasting temperature (p>0.05) 4.17
( - - tone mill) peak viscosity,
minimum  viscosity, breakdown, final viscosity sethack 1280.67, 221.21,

5346, 433.75  206.25 ) BDBfa' - -Ball mill)
185.96, 72.00,13.93, 98.00  26.00 )

( 4.15)

4.16 IP>FA
RVA(Rapid Visco Analyser)
IP>F)
df (RW) Pasting
Peak ~ Minimum  Break- Finl  Setback Temperature
viscosity  viscosity  down  viscosity (°’C)
70000  0000%*  0000%  0000%*  0000**  0.092rs
Error 8

o 99 (p<0.01) NS (p>0.05)



a,b,c...
NS :

4.17

3

stone mill
Ball mill
Stone mill
Ball mill
Stone mill
Ball mill
Stone mill
Ball mill

+

FDS
FDB
FWS
FWB
BDS
BDB
BWS
BWB

(p>0.05)

1
Peak viscosity
(RVU)

196.13+0.53¢
189.46+6.07¢c
280.67+1.89a
238.00+7.54 b
130.46+19.86 ¢
85.96+10.31'
229.50+0.35b
164.79+13.02 d

Minimum
viscosity
(RVU)
168.29+0.30¢
146.50+4.48d
227.211+3.853
190.42+4.12 b
112.42+10.96¢
72.00+13.19'
189.00+1.76 b
127.42+2.24 ¢

RVA(Rapid Visco Analyser)

Breakdown
(RVU)

27.84+0.23 hod
40.46+5.13a
53.46+11.96a
47.58+11.67a
18.04+8.90 o

13.96+2.89d

40.50+1.41 &
37.38+5.27 dx

(p<0.05)

Final viscosity
(RVU)

263.88+10.32¢
241.83+11.31 d
433.75+13.43 a
336.12+11.25h
154.04+28.69 ¢
98.00+12.26'

327.7+12.77h
207.63+22.34°

Sethack

100.09+3.66°
65.84+10.37ce
206.25+0.00 a
145.71+7.13b
41.63+17.74

26.00+0.95"

138.71+1.00b
80.21+24.57 °d

Pasting

Temperature

("C)N6
83.13+0.53
82.70+1.06
82.45+0.50
81.63+0.53
83.17+0.46
83.50+0.07
82.75+0.07
83.45+0.28



65

8

417 FWS( - - tone mill)
peak viscosity, minimum viscosity, breakdown, final viscosity ~ setback
FWB( - Ball mll)  BWS( - - tone mill)
2 FW\B FWS
F\B Ball mill Ball mill
Stone 4.6)
glucoamylase ( 411 43)
Ball mill
Stone mill BWS FWS
BWS
( 411
43)
BDB( - -Ball mill)

Ball mill Stone mill



43

42

Stone mill

8
(o ) (starch)
0 )
binder
glucoamylase
glucoamylase
RVA

FWS

66



44

ANOVA

Error

ah.c..

4.18

4.19

67

3
4.18 4.19
df (p>F)
' (%) " (%)

2 0.001% 0.572 0.021*
6

95 (p<0.05)

99 (p<0.01)

" '2N\S 2
2(%) (%)

46.83+2.923 0.1010.004 98.1910.283
NaOH(0.2%)  37.0311.97b 0.0710.002 98.4510.043
NaOH(0.2%)  32.81£2.50b 0.1010.006 97.6810.40h

(p<0.05)

(p>0.05)



68

418 419
(p<0.05)
OH
-0H
Galvez Resurreccion
(1993)
(Galvezit
Resurreccion, 1993)
(Knight,
1969)
(Gracze, 1965)
4.19 3
(P<0.05) 0.07-0.10
1
33
(010 ) (
) (0.07 )
(flour)i (Jane
, 1992 ; Misty ~ Eckhoff, 1992 ; Varavinit ~ Shobsngob, 1996)  Misty
Eckhoff (1992) 0.1

04 %
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glutenins
(cold gelatinize)
(Radosavljevic . 1998)
( )
(p<
0.05) 418 419
(p>0.05)
3
1
(Singh , 1989)
3 SEM(Scanning Electron Microscope) 45
3
4.5

3500
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1SkU X7S®© 10um 20812089

(750 ) (2000 )

Sky X2,000 10pm 201206

1pm 135839082

NaOH (750 ) NaOH (2000 )

1SkU X2,8200

NaOH (2000 )

15kUVU X3, 500 Spem 199320

NaOH (3500 )

4.5



1

45
451
4.20
47,67
011 007 98.17
4.20
+
(%db) 4767+ 288
(Yowt) 9.78+ 0.62
(%dn) 011+ 003
(%df) 007+ 001
(/ffz)b 08,18+ 0.9
(odo) 20,62+ 0.89
4
452
(Starch - Morphology)
|
(normal light) * 46 . (polarizea

light) '~ 46 .



[

4521 Birefringence
Birefringence
(hilum)
Birefringence
Birefringece

(normal  lights
(polarize light) Birefringence

46

Birefringence
Birefringence

46 Birefringence
. normal light . polarized light



4522
SEM(Scanning Electron Microscope)

SEM
SEM

4.1

iy
2 Oy
Sﬁ Sl e

SkU X2,000 10pm 201296

2000 v

A 5
Jd. 3 S

1SkV X1i1.8088 10um 201207

Spem 201211

4.7 SEM

3
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45.2.3
Particle
size analyzer 48
15.19-69.02 am 26.12 (am
water chestnut
1600
S M " 15195002 (26.12) |
E 1200
% &0
gﬂ 600
§ 400
g 200 1=
000 o
Q0 10
ParticleDiameter( )
4.8
4524
X-ray  powder
diffraction C 49
X-ray diffraction pattern 3
A
B

B (Hoseney,1994)



X-ray diffraction pattern

Zohel(1964) 22

Diffration intensity

g .hH |
I
| A dl \\ J‘\
|

| A 5% a. gl

\ j \w j \ AMNSEINNNTTAL

\\ M Y /)

\"}\\ \
W/ Wm"‘wﬂ\ﬁ
it

‘1 II\ /U\ A

l ,J V 1 ‘. \ b

] s a a
‘\ ", ‘M\ o AsEaaLTien
\ o ;
\
\ w
\ MA‘UW«V
ey v\"\”‘w"»‘
V—M«/ﬁvl

. T ane | o ,

Difffraction angle(20)

4.9 X-ray powder diffractograms
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54.2.5 ( elling Power)u (Solubiliyt

5 65 75 8 9%

421
410 411
2 65-75
15
Hizukuri
(1988) Trapa natants L
var. bispinosa Makino
2



421

55
65
15
85
%

1 (%)L
2.391+0,047 0.27610.055
2.66310.162 0.48010.162
6.40110,034 7.32710.226
18.1061 0216 16.80410.153
18.7931 0.102 1852110.975

Swelling power

4.10

N
(=]

65 75 85 95

Temperature(°C)

-
(&)

-t
o

Solubility(%)

411

65 6 & %

Temperature(°c)

i



45.2.6
viscoamylograph

viscoamylograph
(cooking)u (cooling)
4.22

(Restricted swelling starch)
(peak viscosity)

Breakdown

422 424
412 413

8

(Pasting  properties) Brabender
Brabender
(heating)
6-8
4.12
9

Breakdown

Kidney bean (Li  Cheng, 1991)

Brabender viscoamylograph

67 8

(pasting temperature)
Sethack

Sethack 2

pasting temperature(



[

4.22 Brabender viscoamylograph
Pasting '(BU)
(% Temperature Ss o 9% °c =z O Setback
) (C) (30 )
6 83.10+040 2725425 36754125  545.0+5.0 1775475
81.70+0.20  615.0¢15.0 675.045.0 1060.040.0  385.0+5.0
8 80.75+0.55  977.5+125  1005.0+250  1805.0+25.0  800.0+0.0
2t
423 Brabender viscoamylograph
Pasting "(BU)
(% Temperature 95 °c %°c 30 5 O Set Back
) (C)
6 78.4040.10  295.0425.0 29754225 545.0+25.0  2475+25
1 76.40+0.10  620.0¢0.0  600.0¢50 110504250 505.0+25.0

8 75754025 7950450 7975425  1715.0+450 917.0+425

2t



2500

2000 -

Baer  i(BY)

500

4.12

2500

2000 -

1500

Brabender Unit(B.U.)

500 -

4.13

1500 -

1000

1000 -

Brabender viscoamylograph

90

80

50 95 95 5p 50
== n32du 6%
- L. 1| —* nszdu 7%
—+— nsrdu 8 %
0 30 45 75 9
A (UN)
Brabender viscoamylograph
AUUDI C
50 95 95 50 50

6%
7%
8%



pasting temperature( C

Set back(B.U.)

84

82 : , L
- nszdy

80 & ai
el GICTTI

78 \

76_ =

72

6% % 8%

4.14 Pasting temperature

1000

- n32_u

-8 e

6% 7% 8%
ATNLTNTU(WAW)

4.15 Sethack
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Pasting temperature Setback

4.14 4,15 Sethack
(rétrogradation)
50 90 15
422 423

Pasting temperature

414 Pasting
temperature
Pasting temperature
(Marzurs , 1957)
Setback
4.15 Sethack
Setback
( degree of polymerization

100 200)



J (29.69 %ah)
(28.8 Y%dh) (26.8 %dh) '
(17.7 %db) (Toufeili ~ Baydoun, 1995)
(39.8%dh) (Hoover, 1997)
X-ray diffraction ~ C

(restricted swelling) 2

Brabender viscoamylograph

(Restricted swelling starches)

WU Cheng (1991)
(restricted
swelling) Brabender viscoamylograph C
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