2.1

calcitrapa

1998, 1 2542)

(Trapa spp.)

(Vanghan  Geissler, 1997)

211

(Family) Trapaceae

Hydrocaryaceae (Genus) Trapa
(Species) 30 (Ahmad Singh,
Water Chestnut (Herklots, 1972)

Eleocharis dulcis syn. E tuberosa

Chinese Water-Chestnut

21 .

22 .

(inflated petiole)



5-6

1 2537)

8-10

(dmpe)

7-10

2-3

60,000-70,000
40



2.1 . .



2.1.2

, 2521,

22 .

1 2542)

Trapa bispinosa Roxb. Var. incisa Franch. & Sav
T. incisa Sieb & Zucc., T. bicornis Osb.

water chestnut, tinghara nut, singhara nut, water
caltrops

22 .
T. bicornis Osh. Var. cochinchinensis (Lour.)
Gluck ex Steen.
ling nut, water caltrops

22 .
Trapa natans L. var pumula Nakano
T. quadrispinosa Roxb., T. maximowiezil Korsh.
water caltrops, Jesuit's nut, ling nut



2.2



2.1.3

1

Geissler, 1997)

{Trapa bispinosa Roxb.)

(Northern  Africa)

thinghara nut)
milky water chestnut

(singhara flour)
(qulal)
Singh,1998)
soyabean sauce (Kapur, 1980)
( , 2537)

Trapa hicornis ling
Trapa bispinosa Roxb.

(
(flour)
1972) (

20 (Vaughan

Trapa natans

(Heywood, 1978)

( , 2527)
(Brouk, 1975

, 2527)
Geissler, 1997)

16

(Herklot, 1972, Vaughan

(Tropical Africa)

(singhara nut

(The Holi festival) (Ahmad

ling kok

)
ling kok fan (Herklot,

. 2527)



(Ahmad

Singh,1998) Trapa natans L.
Saga
Shochu-brewing
(Hizukun , 1988)
Rodrigues (1964)
3
(under mature) (mature) . (overmature)
2 2
5

(.2-10.6%)



10

(2527)
(Trapa hispinosa  Roxb.) (Trapa  bicornis  Osh. Var.
cochinchinensis) 1
2.1
2.1
(Trapa bicornis
(Trapa hispinosa Roxb.)  Osb. Var. cochinchinensisY
(%) 8.30 8.40
(%) 14.17 10.52
(%) 0.45 0.59
(%) 2.96 2.46
(%) 1.57 1.72
(%) 72.55 76.31
Trapa bicornis Osb. Trapa bicornis Osb. Var.
cochinchinensis Trapa bicmis Osb.
2
2
(10.52-14.17 %)
(8-10 8-13 % ) (Knight, 1969)
(flour)s
(functional property” (Godoy , 1992)
(Murty,

1962)



| 16 ( )
17-20
24 (Corbishley ~ Miller, 1984) 13.5-22 (Mitch,
1984) 16-30 (Knigh, 1969)
2 2
a(1,4) !
a(i,4) 20-30 a(i,4) a(i,6)
99
(starch)
Murty(1962) (Irapa bispinosa Roxb.)
15 Hizukuri
(1988) (Trapa natans L. var. hispinosa Makino) 1
23 iodine affinity 4.95
Li (1991) iodine affinity
(Trapa natans L.) jodine affinity 5.07
(6.70  4.83
) .

iodine affinity ~ (6-7 )



(hilum)

2-100 pm (Oates, 1997)

hilum

(normal light)
(polarized light)

(Scanning  Electron
Microscope : SEM)

70 °A
Hizukuri (1988) (Trapa natans L.
var. bispinosa Makino) (SEM)
(round) (elliptical) (potato like)
2.4 10-30 pm
Lil (1991) (Trapa
natans L. SEM (elliptical)

10-40 pm
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2.3

(Charley, 1982)

24 SEM

SEM

Birefringence



Birefringece
Birefringence

semi-crystalline

(amorphous) =
2
(hydrate bridge) (micelles)
( -dimention network)
15-45 (Oates, 1997)
diffraction X-ray diffraction pattern
A
B
C A B
(Hoseney,1994)
X-ray diffration psttern Vv
amylose-lipid complex
diffraction pattern Z0obel(1964)

22

Hizukuri (1988)
1984 1985 X-ray powder diffraction

14

Birefringece

(crytalline)
/

X-ray powder
3

X-ray
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X-ray diffraction pattern Cc Ca 2.6 Ce

Ca C A

1985 1984

W
Semi-crystalline
Soft - Sheil

Hilum

Crystalling —— o
Hyd Shell

ggﬁni-%faﬂine

Crystalline
Amorphous “\ I3

Amylopectin
Clusters

Amylose

2.5 X-ray diffraction pattern
A B (Gallant , 1997)



Potato

Water chestnut,
1984

% Water chestnut
1985
W

Diffraction intensity

1

L 1 L 1
3 8 13 18 23 28 32
26°

(Trapa natans L. var.

2.6 X-ray diffractogram
1985

bispinosa Makino) 1984

( elling power) (Solubility)

25-30
(Kerr,  1950)

(Schoch, 1964)

Hizukuri (1988)

Trapa natants L. var. bispinosa Makino 50- 90
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Brabender viscoamylograph

HizukuriU, (1988)

(heating and cooling cycle)

(Pasting properties”

Brabender viscoamylograph 6
2 3-methy-1-butanol
(pasting temperature) [

Kuzu starch

(

Breakdown

3-methy-1-butanol

Lii (1991)
Brabender
(restricted swelling type) C

viscoamylograph

Schoch Maywald
Brabender viscoamylograph

(1968)

starches)

310 B.U)

(peak viscosity)

(high-swelling
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(moderate-swelling starches)

c (restricted-
swelling starches)

(peak viscosity)

d (highly-restricted  swelling
starches) amylomize starch 50-80
2.8
TEMPERATURE +¢
L L T —— N L I T I —— — 50
T AN TNDE (b)
s {20
1000} RS 10 A A o
o R A
s 41y () ”
5g00f I | i CROSS ~BONDED 57 PR - . % dig @
§ $ ] WAXY SORGHUM s _;"- POTATO (404) §
§ ) t i AR _-". 3 :‘
eoof i 1 ; =
z II/ P (2) 408
7 |l - P it ";"
S 400} | i : ya WAXY SORGHUM (40 ¢}
8 i E
200 [
!
I
l L L L ' el 3
30 60 90 120 150 1e0

TIME, MINUTES

2.8



20

amylase
amylase
amylase
(waxy corn starch) (waxy
rice starch) Hizukuri (1988)
cc-amylase glucoamylase
2
' (flour)
2.2 (flour)

f(flour) (starch)

(size reduction)® ' (milling)



(starch granule)

(rice flour)
, 2542)
600,000
, 2538)
, 2529)

(milling)

(flour/starch tapioca)
1 2540 (
(wheat flour)
(flour) 30,000 (

(size reduction)
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2.3 (milling)

(size reduction) (comminution)

grinding, disintegration, pulverization, crushing  dispersion

Milling ( , 2543)
(Brennan ,
1976)
L
(flour)
2. icing
(refinning)
20-30 35
3.
(lrying time)
(extraction rate)
(process time) (cooking) (blanching)
4, (mixing or blending)
: 3 (Fellows, 1990)
1 (Compression  Force)

2. (Impact Force)
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3. | (Shear or Attrition Force)

2.

3. (Ball
0.1

4,

)

2.2 (Brennan 1976)

2.3 (Fellows, 1090)

22
(force)
Compression Compression Crushing rolls
Impact Impact Hammer mil
Shear Attritive Disc attrition mil

: Brennan (1976)



2.3

wisaaile TRAVDINRAN U ANAZIREA
2 3 4 b c d

Slicers * *

Dicers B E

Shredders £ 5

Blow! choppers * * * *
Pre-crushers % *

Hammer mill = ¥ * *

Fine impact mill
Classifier mill
Air jet mills

Ball mill

Disc mills
Roller mills

Pulpers

*

*

*

*1=soft, brittle, crystalline; 2=hard, abrasive; 3=elastic, tough, cuttable; 4=fibrous; 5=heatsensitive greasy

Nanoarse lump; =coarse grits; c=medium fine to fine; d=fine to ultrafine

- Fellos(1990)




2.4 : (flour)
Godoy (1992)

50mmX5mm 60

8.3 100 1

10-12
60 4-6
(p<0.05)
100
(p<0.05)
Meiners

(1976) Pawae Ingle(1988)

moth bean
100 (water absorption)
(p<0.05) del Rosario  Hores(1981)

Pawar  Ingle(1983)

(foam capacity)
(foam stahility) ~ whippability
binder '

2



Jumduang  Mohamad(19%4)

double-disc stone mill
2

double-disc stone mll

press 50
double-disc stone mill
(<106 pm)
(<106 )

expansion ratio
(p>0.01)

26

SCrew

Brabender viscoamylograph

double-disc stone mill



Varavinit Shobsngob (1996)
polyphenol oxidase
2
polyphenol oxidase
Chen (1999) 6
3 5
6 1) turbo mill 2) cyclone mill 3)
hammer-mill 4) plate mill 5) hammer mill 6)
stone mil
30
1 2000 rpm 1
hammer mill plate mill 40 12
13
1
double-disc stone mill 2000 rpm
40 12 13

(p<0.05)

21

(10-30)4)
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( =
-0.77) (p<0.01)
hammer mill (00-300 )
cyclone mil turbo mill

grinding mill (plate mill)
f (Arisaka , 1992; Chen, 1995)
RVA (Rapid visco analyser)

hammer mill
grinding mill setback
Piacquadio (2000) 2
hammer mill
1 (20-25
) 2 50 55
48
3
2 2

2 Stone mill Ball mill
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