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Panyarat Sophitprapa 2010: The Modification of Musa (ABB) sp. ‘Kluai Namwa’ (banana) Flour and Starch
by Pregelatinization Method. Master of Science (Food Science), Major Field: Food Science, Department of

Food Science and Technology. Thesis Advisor: Assistant Professor Masubon Thongngam, Ph.D. 137 pages

Banana flour is not commonly used in food industry due to their poor swelling power and solubility.
Pregelatinization is a physical modification, usually used to prepare cold water soluble starch. Pregelatinized banana
flour was prepared by using Thai banana cultivar Musa (ABB) sp. ‘Kluai Namwa’ with two drying methods: double
drum drier (DNWF) and spray drier (SNWF). For drum drier, the drum gaps were varied (0.15, 0.25 and 0.35 mm). For
spray drier, the preheat treatments of flour suspensions were investigated by varying temperature (65, 75 and 85 °C).
All modified banana flours were then examined for their physical, chemical and physicochemical properties.
Furthermore, the effect of food ingredients on pasting properties of modified flours was investigated. After
modification, both modified methods yielded more yellowish flour. The morphological of native and modified flours
were observed by Light microscope and Scanning electron microscope. The starch granules of NWF had elongated and
spheroid shape. On the other hand, the DNWF appeared flake-like shape. However, the SNWF still showed intact
starch granules like native but some swollen starchs were observed. NWF and SNWF both displayed the typical B-type
X-ray diffraction pattern; whereas DNWF had loss their crystallinity. When compared the XRD pattern among SNWF
samples, the results showed that as the preheated temperature increased, the peak intensity decreased. When swelling
power (SP) of NWF and SNWF was determined, the SP of SNWF was slightly decreased as compared to that of native.
After modification, the cold water soluble properties of DNWF were higher; whereas that of SNWF were lower than
native. However, the water retentions of both DNWF and SNWF were increased. The gelatinization temperature of
NWF was 74.55°C and the transition enthalpy was 14.18 J/g. After modification, the gelatinization temperature and
enthalpy (J/g) of DNWF was decreased. In addition, as the preheated temperature increased, the gelatinization
temperature of SNWF was increased; whereas their enthalpy was decreased. All DNWF samples showed an instant
increase of viscosity but their peak viscosity decreased. For SNWF samples, they had higher pasting temperature and
lower viscosity profile compared to native. After modification, resistant starch (RS) content was changed. The RS
content of all DNWF samples were lower than 1.2%; whereas that of all SNWF samples were higher than 30%. Then
the effect of food ingredients to pasting properties of NWF and modified flours was carried out. The results showed that

the pasting temperature of all samples increased but their pasting profiles decreased when added salt and sugar.

Student’s signature Thesis Advisor’s signature
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Valery (AAA) 67-70 Kayisu et al. (1981)
Taiwan banana (ABB) 75-80 Lii et al. (1982)
Kluai Namwa Kom (ABB) 71.97-82.40 ’Jﬁl‘l‘!ﬁ' (2543)
Kluai Hak muk (ABB) 70.96-85.47 aﬁ’uﬁ (2543)
Kluai Ta Nee (BB) 71.67-84.80 ’Jf,gf)l!ﬁ' (2543)
Valery (AAA) 69.5-81.2 Waliszewskia et al. (2003)
Macho (AAB) 75.46-80.70 Nunez-Santiago et al. (2004)
Kluai Hom Thong (AAA) 70.7-78.2 Inwéin (2550)
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Kluai Khai (AA) 72.48-80.24 Twdr, (2550
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< s o A 7
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(Whistler and BeMiller, 1999) F4WaHIM101nNAEAR (plastids) AININA 8
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7
=

oplast Proteinoplast

Statolith

o

NN 8 LLWUﬁQLLBﬁTaWﬁ1ﬁ@T (amyloplast) ANAUINIANATAA (plastids)

3: Villarreal (2007)
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A oA o L4 a a o aa J .
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MnN 9 Taseasvosueil lag
30: Tester ef al. (2004a)
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30: Tester ef al. (2004a)
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amIsuRIzIAdo NN IegAILE NV UATRMazIInAe U Boen 11 TaessuuTuuand

(pneumatic) Tag 14 la Tnau (cyclone) (Knight, 1969, 3]1’1:1, 2547) A9MINN 22
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d‘ A o 9 1
M 22 1nFesiiauunudey

flan: Aaulasnain Anonymous (n.d.)
3. aaeuiasazmainlfly

s~ a S Yy Jdyya S Ay 1 o A
amsansnai lugianuamnsalumsduii ladniiaasei liriunsaauls iesan
4 o o 1 { 3 4
Taseadumeluvesamssuniyagniate Taslimsiaeaiundunanlugasyunsya
A o QaJJ J ~ a IR @ Y g’ <3 o u"
(Wootton and Bamunuarachchi, 1978) @atiuaansswswani lugaanszaiedd laaluiugu gaduii

Y] 4 o I3 ~ a o
laganazIianumiiaiuil (Whistler and Paschall, 1967) iiiorhiaais yndwaii lugunldnnuion

v
=

° Y A a A A o 4 1 o vy J
ﬁ]31/]1(114llﬂ313JWuﬂ!,m3ﬂ15!ﬂﬂﬁ]aﬂﬂﬂﬂlﬂ@tﬂﬂﬁﬂﬂﬁﬁ)ﬁ5111/]11]W”|uﬂ13ﬂﬂuﬂ5 (NAIUTIA LAY
tﬂy v A 1 4 = a d A v v . Y
inana, 2546) “ﬂ%ﬁ]fJVlﬂJWa9]@ﬂﬂ!ﬂ’lWﬂlﬂ\?ﬁﬂWi“ﬁWi!ﬂﬁWﬂqum Ao Mamenulunou (lumping) Ulﬂ

418 (Knight, 1969)
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J ad
gUnsaimazizms

gunseal

Y
Y a o o

Y
NA10AUNUT11I Musa (ABB group) ‘Kluai Namwa’ 01g/szanat 115 Ju indauaesn

Y v
v A =

Uandae Taesudeaninuainii o.uoun 9.9521)3
2. el
A o % =) J Y
2.1 AN UATINANSBINNEY

2.1.1 Twdenlanson lod (Sodium hydroxide; NaOH: Analytical grade, Merck KGaA,
Germany)
2.1.2 nsalalasnassn (Hydrochloric acid; HCI: Analytical grade, Merck KGaA,

Germany)

A o v A " =
2.2 ﬁ”liLﬂllﬁWﬂi‘]J’JLﬂﬁSWT‘]Ji@]u

2.2.1 nsaganIn (Sulfuric acid; H,SO,: Analytical grade, Mallinckrodt Barker, USA)

222 NIAVBIIN (Boric acid; H,BO,: Analytical grade, Merck KGaA, Germany)

223 avlnlesFama (Copper sulfate; CuSO,: Analytical grade, Fisher Scientific UK
Limited, UK)

2.2.4 Tnundiseugsaa (Potassium sulfate; K,SO,: Analytical grade, Ajax Finecham,
New Zealand)

2.2.5 nialalasnasin (Hydrochloric acid; HCI: Analytical grade, Merck KGaA,
Germany)

2.2.6 WNasa (Methyl red; C ;H,;N,O,: Analytical grade, Panreac Quimica SK, Spain)

2.2.7 Tusluaweaniu (Bromocresol green; C,H,,Br,0,S: Analytical grade, Ajax

Finecham, New Zealand)
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228 Tmdoulaasenloa (Sodium hydroxide; NaOH: Commercial grade, Thasco

Chemical Co., Thailand)
A o ) Jd a o
2.3 fffTiLﬂﬁJﬁWﬁi‘U'JLﬂiW%Wﬂiiﬂﬂ‘!hl"UiJu

23.1 Vlasdendmes (Petroleum ether: Analytical grade, Mallinckrodt Chemical,

USA)
o [ @ (% a 4
2.4 ﬁ"]ﬁlﬂf]ﬁ']ﬁi‘]J?NLﬂ@ﬁﬂEﬂ!ZﬂT\iﬁﬂlﬁWU?ﬂﬂﬂlﬂﬂﬁﬂ?ﬁGI)'

2.4.1 nAYOIOR (Glycerol; CH,OHCHOHCH,OH: Analytical reagent, CARLO ERBA,

Italy)
25 aaainlFlumsdianerilsnaueilaa

2.5.1 NaLeane aaaf{ (Ethanol; C,H,O: Analytical reagent, LAB-SCAN LTD.,
Ireland)

2.5.2 Taaon'lanson loa (Sodium hydroxide; NaOH: Analytical grade, Merck KGaA,
Germany)

2.5.3 NIALOFAN (Acetic acid; CH,COOH: Analytical grade, J.T. Baker, Thailand)

254 meaﬁu?qﬁ(ﬂmﬁmﬁ 3 (Type III: From Potato Butanol Content 2%
Essentially free of amylopectin, Analytical grade, Sigma — Aldrich chemic, Germany)

2.5.5 loledu (Iodine; L: Analytical grade, Asia Pacific Specialty Chemical limited,

Australia)

9 v A d (a .
2.6 ﬁ'limﬁﬁ'lﬂﬁﬂﬂlﬂi'lgﬂﬂiiﬂm resistant starch

2.6.1 arsninlogluyanI19aoULTNI resistant starch (Resistant starch assay kit

u

K-RSTAR, assay procedure RSTAR 11/02; 100 assays per kit: Megazyme International Ireland Ltd.,

Ireland)
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. Pancreatic a-amylase (Pancreatin,10g, 3 Ceralpha Units/mg)
9. Amyloglucosidase (12 mL,3300 Units/mL)

fl. Glucose Determination Reagent (GOPOD) (for 1 litre)

3. Glucose Reagent Buffer (concentrate) (50 mL)

3. Glucose Standard Solution (1 mg/mL in 0.2% benzoic acid)

]

. Resistant Starch Control (with stated level of RS)

=

2.6.2 5ANIUY

n. NIANADN (Maleic acid; C,H,0,: HPLC grade, Fluka, Austria)

V. NTALBXFAN (Acetic acid; CH,COOH: Analytical grade, J.T. Baker, Thailand)

. uaaseunas lia (Calcium chloride) (Laboratory grade, UNILAB, Asia Pacific
Specialty Chemicals Limited, Australia)

3. TasiRewue o (Sodium azide; NaN,: Analytical grade, SIGMA-ALDRICH,
U.S.A)

2. Inunagen lalalaswuee Inveawa (Potassium dihydrogen
orthophosphate; KH,PO,: Analytical grade, Ajax Firechem, Australia)

2. nTansz leasendiun ladn (4-hydroxybenzoic acid; C,H,0,: Analytical
grade, Fluka, Germany)

¥. nsalalasnaesn (Hydrochloric acid; HCI: Analytical grade, Merck KGaA,
Germany)

. Taenlans i’)ﬂ"l,‘?]ﬁi( (Sodium hydroxide; NaOH: Analytical grade, Merck
KGaA, Germany)

at. Tnunandeon'laasen lae (Potassium hydroxide; KOH: Analytical grade,
Merck KGaA, Germany)

. NaLeane aaaéf (Ethanol; C,H,O: Analytical reagent, LAB-SCAN LTD.,

Ireland)
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2.7 aTRieAnYIBNINATIdIULIZNo VTR AN AN IUAINNILIA

2.7.1 “gjﬂiﬁ (Sucrose; C,,H,,0,,: Analytical grade, Ajax Finecham, New Zealand)

272 TmAsunaslsd (Sodium Chloride; NaCl: Analytical grade, Ajax Finecham, New

Zealand)
d' = d o (v = [y v Jd v :’ Y
3. !ﬂi'ﬂ\‘iuf’)lmgﬁgﬂﬂiﬂ!iﬂ?‘i5U!ﬂﬁﬁlilﬂ39813&!{1\1!!@33?]15‘5ﬂﬁ?ﬁl‘u131ﬂﬂ!!1l5

3.1 Lﬂ%"mauau? U (Tray drier: B. W. S. Trading Ltd. (Partnership), Thailand)

3.2 m%‘mmﬁ’m&imsﬁ’q (Hammer mill: SK1, Retsch, Germany)

33 Lﬂ?ﬂﬁﬂﬂﬁ)@ﬂﬁ (Blender: model VA-M11L, Hitachi, Japan)

3.4 m?mwammu“lumumumﬁ'mﬂﬁﬁﬁmi (Overhead stirrer: model HS-100, DAIHAN
Scientific Co., Ltd. Korea)

3.5 AZUANTITOUVUIA 80 K% (80 mesh: ASTM E11 180micron, Retsch GmbH, Germany)

3.6 AZLUNTITOUVUIA 100 L% (100 mesh: ASTM E11 150 micron, Retsch GmbH, Germany)

3.7 @zuNTITOUVUIA 170 1% (170 mesh: ASTM E11 90 micron, Retsch GmbH, Germany)

3.8 AZUANTITOUVUIA 200 LUY (200 mesh: ASTM E11 75 micron, Retsch GmbH, Germany)

3.9 m%’mwuum’%ms&13uquqmwnﬁﬁ1 (Refrigerated centrifuge: Biofuge primo, Kendro

QU

Laboratory Products, Germany)
3.10 é’auau%’ ?U (Hot Air Oven: model 400, Memmert GmbH&Co. KG, Germany)
3.11 Lﬂ?ﬁ)\ﬁﬂﬂ’ﬂmﬂuﬂiﬂ-mﬁ (pH meter: model 06071N, Jenco Electronics Ltd., China)
3.12 m"?mmmmmﬂmﬁﬂ (Magnetic stirrer: model HS-101, Thailand)
3.13 ’t’)'NﬁWﬂJ‘Uﬂqumﬁﬂ“ﬁ (Water bath: model OB14, Memmert GmbH&Co. KG, Germany)
3.14 1500 wUgNNAIN5 INTZUONE (Double drum drier: T. C. Tech Ltd., Thailand)

3.15 wTeai ey ey (Spray drier: mobile minor, GEA Niro A/S, Denmark)
A A d o v A d
4. !ﬂiﬁ]ﬂuﬂ!!ﬁgq‘ﬂﬂﬁmﬁ1‘ﬁ§ﬂ'§l!ﬂ§1$ﬁﬂmﬂ1w

41 1n3eeiad (Minolta spectrophotometer: model CM-3500d, Minolta CO. LTD, Japan)

42 napaganIseniuUuNaIa0IHIU (Light microscope: Axiolab, Carl Zeiss, Germany)
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U.K)

44

39

unudmsulianusouundloens (Hot stage: PE 94, Linkam Scientific Instruments,

Ja < i
ﬂé'mfgamﬁﬁumaﬂmammuamﬂsm (Scanning Electron Microscope: model JSM-

6480LV, JEOL, Japan)

4.5

4.6

4.7

4.8

4.9

ganT 125 T15Au (BUCHI, B-324, LabortechnikAG, Switzerland)
gainT1eHTuna lusiu (SOXTECH SYSTEM, HT 1043, Tecator, Sweden)
11 W (Muffle Furnace, Tactical 308, GALLEN KAMP, U.X.)
d‘ A a J .
in3ouenysdanunsn Inlnes (X-ray Diffractometer: model JDX-3530, JEOL, Japan)

4 a a aa J
inseeanleswTea aunuile uaassines (Differential scanning calorimeter: model

Pyris 1, Perkin-Elmer U.S.A.) wazmyuzilasaaiiy (stainless pan)

4.10 1A509ATITHANUHIIA (Brookfield Viscometer: model DV-III, Brookfield, U.S.A.)

4.11 19509UATIZHANUHIALUVI A5 (Rapid Visco Analyzer: model RVA3D,

Newport Scientific Instrument & Engineering, Australia)

4.12 andnTas Il Tadimes (Spectrophotometer: model Spectronic Genesys 10 UV, Scanning

Thermo Electron Corporation, U.S.A.)

4.13 'é)'Nﬁwmmanmwgﬁ (Water bath: model OB14, Memmert GmbH&Co. KG, Germany)

1z iAIUANYUHUANLLVVET (Shaking water bath: model SV 1422, Memmert GmbH&Co. KG,

Germany)

4 ] < 1 [} <3
4.14 1AT9IMULVVULIKAN (Magnetic stirrer: model HS-101, Thailand) L gNALVIan

YUIA 4x12 YAdIAT

4.15 Lﬂ?ﬂQWHuLW%HQﬂJHMLSﬂ (Bench Centrifuge: Z200A, Hermle Labortechnik, Germany)

4.16 Lﬂ?@ﬂiﬂﬂ’ﬂh!“ﬂl&ﬂiﬂ—tﬂﬁ (pH meter: model 06071N, Jenco Electronics Ltd., China)

Y
4.17 mﬂfuzagmﬁﬂué’nw%’umﬂ’gwﬁu (Moisture can)

v & & v
4.18 ﬂ?ﬂﬂﬁglﬂi‘)\‘llﬂa@UWﬁ@ﬂJp\h

4.19 1A509%9 4 A11U9 (model SPB31, Scale Tech, Germany)

4.20 é}’auau%’au (Hot Air Oven: model 400, Memmert GmbH&Co. KG, Germany)

421 Tulasiula (Micropipette)
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422 éjllsﬁlﬁﬂﬂllfﬁﬁ (Freezer) (model SF-C1497(GYN), Sanyo, Thailand)
4.23 1A599UA7

4.24 WIWMAVLIAT (Stopwatch)
aa
M3

v
o Y

~ Y 1 é Y
1. n15msﬂumamem’]asmzams%nmﬂmm

= @ [l 9 31 9
1.1 mwumammﬂmmﬂmm

Y
o

) o Y Aa @ [ [ YA Y o 9
Windreihaveiglsznm 1155 dauasldivnanemunz udnindoulu
v v 4 [
inyptovandoulszana 5 ¥ Tue a1 luanenudlenso1uad19819 (blender) 1d23911 11
A a S A o ' v X o Any '
UAALIDHADNASIAIVIATDIVAA D197 (hammer mill) nilan TdunTouruazunsavina 100

Ly
@ J Y oy 9
1.2 @nAdfITENaIYUIN

[V 4 oy [ a, o o { 1
anaaasyndrerihhlasaauasainisvedlndin 2550) wdlanld lalualu
4 4 4
msazaeTxdey laasen lea (uila : 0.05 Tuars Tmdesulaasenlesd: 1 : 5) muaisazarede
A Y a wa 3 Y Y o
1A DINANLUY TUNIUYIANRTIANS (overhead stirrer) AU THIIINUAABAAITEAI 20

u'.l o : 4 4 a c: n . <
W2 Tug i llvgumdesdienTe anyunIeaguniian (refrigerated centrifuge) A26ANITITOU

a =

{ I~ 1 Qy 1 g‘
3,000 g Ngungil 10 osemaaFod 1unal 20 WA maInveuraINg Yad T UUUYDS
v v Y [ Y '
AUNANAZNBUDON MazaledIUNANAZNDUAINNAUAETAT AU 1:2 (Tl : 1hnan) nden
Y v

Y v v
Wuiniwilannsesiuaszunsavua 80, 170, 200 wraudiay Tasldinaudiaaunly

v

o ¥ = L q v o o o
ﬁTNWﬁﬂaganlfJ@@ﬂclﬁhlﬂu”lﬂﬂﬁﬂ quclﬂ@]ﬂﬁgﬂ@u NUDUNAIATULUDDN ‘VI’]"])”]@ﬂﬂigiJTm 2-3 A33

L)

Y 1
uazlSuitey (pH) ilunansdae 0.05 Tums nialalasnasin siniwdlelide nazwiumios

a =

y o 4 oy < H < \ 2
AIYUINAUAIIAIINLIITOU 3,000 g ﬁqnmﬂn 10 9IFLs AL e Lﬂul')ﬁ’l 15 mﬁ NFIUUDIUNAING

U

S o 1 ! g < a o & o o ¢ A
nniuhauniuvewdslloudredounisgangil 50°s iunar 5-8 2 Tue hamsyn lduua

[ ] Y KX Y a a A a g
LAZIOUNIUASLNTIVUIA 100 LY uaammu"h11451wugmﬁgﬂﬂﬁummqmvmmwm

£
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= Y v ¢ Y ad A Al ¢
2. ﬂ15!ﬂiﬂ3Jﬂ’Ji’)ﬂ1Q!!‘ﬂQ!lﬁ%ﬁﬂ1§‘lﬁﬂ38)ﬁ‘7‘li!§]ﬁ1ﬂ‘lu"l§

] 2
2.1 A5 MALUgNNAINTINTZVONE (Double drum drier)

o 7 v a A a o @ as o w 1
MnsaanlsdredIsnsnan lud lagaauadnnisues aneauy (2528) 11dI9814

Y 9 9 o 2} o o Y a a o Y A o Y Qy
FINUUIDYAL 50 WINTUNUUINAU ’VlﬂﬁLﬂﬂlﬁ]ﬁ']ﬂllul"]fclfuiﬂﬂélﬁLﬂﬁ@\i“l/]%!,ﬁﬂll‘lm@]ﬂﬂﬁ\i
P F

! . Y o o A J Qy o Ya = a
N39n32U0NE (Double drum drier) 1¥A1uan To1i1% 40 Youaaemiseiin dldrgnnasiigumngil
= Qy 9 <3 1 A A v 1 Qy I
127 oAl gNNaviyUAIgNIINTI 8 50 UADUIN Ni%ﬂ%ﬁﬁﬁgﬁiﬁgﬂﬂﬂﬁlﬂu 0.15, 0.25

Hag 0.35 Haamns 11a106190 lasumsaaulsuuauaz o UM UAZIATIVUA 100 1%

22 pTeai U U (Spray drier)

o o Y A A Ay o T\ S Y ey 9y v
“Vl1miﬂmL‘]Jiﬂ’JEJ’JﬁWﬂi]mTI]lumIﬂEijEJlIumﬂmazﬁmﬁfﬂa’munm%mmmlu

=

9 oy o Y Y 1 % 1 SJQ' a ] a
080y 20 Tﬂﬂmwuﬂ LLagclﬁﬂ'nuﬁﬂuuﬂﬁ'ﬁﬁgﬁ']ﬂﬁ'J'E)fJ'N Tﬂﬂiﬁlﬁﬂ\llﬂﬂigﬂgﬂ'ﬁWﬂ\W]'}‘ﬂ WU

q

< ' o o q ¥ Y ¥ 4 o v 1
65, 75 ag 85 mmmm%ﬁ gﬂuizﬂznm 5 ‘Lﬂﬁ ﬂf]‘Ll‘L!1]1“]J‘V]ﬂ,‘ﬂLMQWJEJL?]?’OWHLMQLL‘U‘UW‘L!PJBEJ

a IS

niguigivuduminy 180 esruvaiBed uazligurgiivioan 90-95 eeruvaFed 1idiod19

QU

Ulig{g'ﬂﬂ']ﬁﬁﬂLL“IJiil'mﬂllﬁ$§@l&ﬁ1ﬂ@]$tlﬂ‘iﬂﬂlu1ﬂ 100 L%

wA Y Z v d' U
3. mmaauanummamfm1wmmui’]anmﬂunmmummﬂuﬂs

a I
3.1 msupsiend

Tadupeiiode TaolHnToq Minolta spectrophotometer 31 3500d 81UA1 L* a* b* lag
91UA1981998 5 AunUIvead19619 udnihan ldunmuianaesiiniuu) (Whiteness Index;

wi) Taggas

24172

Whiteness Index = 100 — [(100-L*)’ + a*” + b*’]
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32 @IAOUANYUSTNNAUFIUING
4 1 1
3.2.1 ﬂé’mqamﬁﬁmmmmmmmu (Light Microscope)

= 2 =) J ' SQYI 1w '
HYANTALAYNALEDIOA (NAFDITU:UT 1:1) amuuwuﬁ”laﬂ GL“HHJ?J@NG]TJ@EJN
] o A Y o 1 v 1 = 9 1A d 1
awumiaxmwuuwuﬁ”laﬂ ﬂ'JL!L‘]J'IG]lW@iﬁﬂﬂ@ﬂNﬂﬁ%ﬂWﬂﬁ?ﬂﬂHﬂﬂﬂ?ﬂlLNUﬂﬂﬁqﬂﬂ LGN
Y T o 1 ] o w 1 <
G]'JﬂEJN&%J'JEJﬂé}f’NﬂﬁﬂﬁiﬁuuﬂﬂuﬁﬂﬁﬂﬂN”IL! (Light microscope) ﬁ?ﬂﬂ"lﬁ\ﬁlﬂ?ﬂ"llu”lﬂﬁﬁ"] NUNTN

o 1 4 o @ 1 4
ﬂ?ﬂﬂTQﬁjﬁﬂIﬂiLLﬂﬁﬁJ Image-Pro Plus V.6 Lﬁ@‘ﬂWﬂﬁ’JﬂﬂluWﬂlLﬁ%}‘l‘ﬂiN"’ll@xiﬁ'ﬁﬁ“b’tlﬂﬁ‘léﬁ

‘a3 ]
322 ﬂé'mﬁ;amﬁﬁuamﬂmammuamﬂim (Scanning Electron Microscope)

a

o 1 dy @ 1 J dy 9 9 Y =
ﬂWﬂ'lillaﬂ’]'lﬂJ%uGlu@fl@ﬂ'N Iﬂﬂﬂ'ﬁ@ﬂllaﬂjWN%uﬂjﬂﬂ@UaﬂﬁﬂuﬂqmﬁﬂﬂJ 45

U

9
pemiraFed haredan Issasuunnuegiiien hduanmiudienes 1niuh llasavdeu
[ [ a ad 1 o [B-Y 1
aﬂHﬂ!%ﬂNﬁmjﬁu’]ﬂflﬂﬂﬂcl‘laf}ﬂé}’é)ﬂﬂmﬂﬁi@ulm‘ﬂﬁ’ﬁ)ﬂﬂ‘ﬂﬂ (SEM) TAgMHUANIDATUTIVOIAIN

anadng 17 15 AlaTran AM&sens 500 89 2,500 (M1 (MARUIN NY)

33 A509A0UANEAUE IATIATIHAN (F47IANUIN N9)

a = 4 9 A Ia a AL
NATRUTHANANVOIAA1SY Iaems ImaTouenwsoanunsn Inlnes JU JEOL JDX-
o a & 9 = 4 o
3530 (theta -2theta) mmiamswwaﬂymﬂﬂimﬁNwaﬂmmaumﬂuﬂmammﬂ Taenviua

9 1 o a o 1 LY a J 9
AN1NEMINAR0d Ao 1FuMaed AT dINN0UAL (CuKy) Auandnd 1 30 Alalran uazld

3 9 @

a a J as.t‘ 1R @ < A
ﬂﬁ&tﬁﬂﬂ/‘lﬂ'} 40 Yaaueulls iNVVoYaYNH AL 3 D9 40 9371 26 @ﬂﬁ'ﬂﬁ'ﬂﬂﬂ'ﬁlﬂﬁﬂu@\iﬁ']

QU q

0.02 83FNAIUN TIMINAI1Z¥Ha Tae 14 11/51n53 JADE 6 (Materials Data Inc., Livermore, CA.)

&%

= g o s Y o "y < =
umﬂzﬂullllﬂ’ﬁ!ﬁEJ’JL‘]JHﬂJ@QﬁQﬁL@ﬂgﬁﬂ”lﬂllﬁgﬂTUUmﬂ1§ﬂﬂﬁgﬂj'llllﬂuﬂaﬂ

% |

4. nageuantAMundveatlina i NN umsaauils
a 4 o = 4 9 Y] =
4.1 MIuRTIEHoInlszneumMaalvetlaasams¥nde (F9MANUIN N1 B9 N5)

411 ANUFU MUITUDI A.0.A.C. (2000)
412 USualvsiu mu33ve9 A.0.A.C. (2000)
4.1.3 15111581 @1u35v09 A.0.A.C. (2000)

414 USuaud I3 ued A.0.A.C. (2000)



43

4.1.5 Usvaweilaa mu35v04 Juliano (1971)
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Y
54 mﬁaummmmm@ﬂﬁ%’uﬁw (Water retention capacity: WRC)
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ARzl shmsana luiu Taemsgunudaniiaredeasluil Tasideudmes ntins e

I a a 1 @ 1 -4 )

$ounapaial (boiling) 1lunan 20 Wi wazennuianided vy Taalillas@eudmes va
[ @ o 1 - - I~ = [ ogj = =S
Az ye luiueanandied1enasanan (rinsing) L1081 45 WA waanniusemet Tnsiaeu-
= 4 v A o 9 . [~ = o . A o Ay Y
disaseanin lusiunanald (evaporation) (1131 10 W1H 17 extraction cup 13 Tvdua 1dan

Y ' 9 9 A a = < @ ) o Y
mamqmauiu@auamau Ny 100 DAY ALTYET Wunan 1 GH’JI?N LH?J”I‘VIﬂ"HLEJHiL!

v Y
AFNANS LTI
an o
2.4 35MIAUIN

Usinaluiu Gevaz) = (W, - W) x 100
100

Y
s W, = 1MinAl0819 (nSu)
Y
W, = 114117 extraction cup nouUANA iy (N5u)

v
W, = 110N extraction cup viasana lugiu (n3u)

3. 35 un31ziUsua lUsau @auilasainizues A.0.A.C. 2000)

3.1 1n50eiouazgnyel

3.1.1 13084808 Buchi
3.1.2 viaeadaenan1ra (Kjeldahl)

3.1.3 1A799NAUDH 1UNA Buchi
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3.2 815N

32.1 nIaganasadudu
322 msazarelafenlaason lsadutudosas 40
a Y 9 9
323 asaralgusInuTUI oAy 4
a J
324 msazawnialalinaeinuasgiu 0.1 Tuans
J v
3.2.5 astuloswala
32.6 Inunaigeusaia

a A 4 [ a
3.2.7 DUAAMBINANIZHIUNNATALAL 1U5 IuAT¥eanI U
as a 4
3.3 35MIUATITH

v W 1 [ [l 4 1 1 Aaan
Faoe19szana 0.5-1 n5u aslunaoadesinanivia (Kjeldahl) Tdensisalgnsen
[ ] d v ) < a
Uszneudle ITnunadeudana 7 nfuuaznetilosdana 0.8 n5u wioud1e glass bead 3 1iin 1A
v A A a Aaa 1 1 Y o 1Y 9 o 1 Y qaj
niagaainlizanm 15 Nadans aeyadoaitnnuyaiy lensaudimsdesauldarsazatelda A
qy Jq Y3 Y a ;” o a aa [ Y o R a = 4
naBddundaduiinau 75 dadans aoddugandugslimaauasazate Isdon laason lya
A Aaa o v g v A A o
wutudosaz 40 aa'ldszina 50 Haaaas Mmsnawdlunanlszana 3 win udrsessuaannau
P 1A a Yy 9 9 a a Aaa Ada A R
ladeiaglanniussyansazatensaveinduduiooas 4 U5uas 25 addas ATOUAANDS F
a [ [ a J
Usznoudlremnasa 0.1 5 taz Tus Tuassoansu 0.1 n5u azaneluenaueanssad 100

faaans Uszana 3 vea udnhly lnmsadrearsazasmasgiunsalalasnaesn 0.1 Tuans

wnsyialaewduliigd Taokuuasdaiug ldudeds
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3.4 35MIfAuI

sy Tsau Gosaz) = (T-B) x N x 1.401 x 100 x 6.25
W

ninema T = 1Usuasveanialalasnassnnlys lnmsadudiede (laaans)

a a 1 1Y d A aa
B = 151asveenialalasaassnnld lnmsadsuuuasd (Giaaans)
a 4
N = anuvuiduvesnialalasnassn (Tuas)
Y
W = 11HHNA9819 (NTN)

*saunano s e 11U5A1MAY 6.25

ama J a 9
4. ')‘ﬁ')l,ﬂﬁ'WW‘]JSlnﬂlm”I (A.0.A.C., 2000)

A A o
4.1 Lﬂﬁ@\ﬂ]ﬂllﬁ3@ﬂﬂim

4.1.1 9N (muffle furnace)
4.1.2 B1en3zidioundoy (crucible)

a 4
4.1.3 I8N0 (desiccator)

ad a 4
4.2 IFNTUATIEN

a

Y 1
Mmsndaensziioundounioud lumun muffle furnace Ngangil 550 pIA1-

I o o g 1 a 4 Qy < {
raed Wunaiu 3 $11ue hdenszdeanasuniour laluwadmames na131dEun
a 9 o o g’ v A 1 v o 1 9 (% 1 9 dy A
gangives i liruihminiuiveu veiiedauilindae 3 nsu ldludrensziiioundov uaz
o [ o { a I~/
i lindreaziessuruan Tudai liidua s muffle furnace Ngmugll 550 osruvaiBod 11

o ] 1 I Y A A o Y dy A = o [l A
a3 GB'JI?JQ AUV U TV TOTM HUIDWNITSLIUDUNADUNVITYAIDYWNNHIUNTTIN

¥ ' a 72 yyg v A Ay o 0
Wi’f]llp\h ll']‘lﬁ‘{lu!ﬂcﬁﬂ!ﬂ!@ﬂi [VNUl'J{lWLEJUV]@mWQNW@Q!LaZ%QuTWHﬂ

E]



4.3 35MIAUIN

a Y 9
15310001 (5p80%)

I
=
!
bl
-
(]
(e

o v 9 dy A 9 9 @ ' J o
NUYL1A L= ninolgnszilounaaunioualgruaz@loa19no U (")

w

o v 9 dy = 9 Y v ll [ o
W, = WHUNOENTZIUUAADUNT ONAIIA LA AIDE 1NN (NIY)
AW

, = MMinaI9Y19 (NTW)
anAa 7 (a a [ as -
n5. 35un1ensunauei lag (dauilasu191nI5ued Juliano, 1971)
A A o
5.1 1n30dlpuazglnIal

5.1.1 wanrualsuiasvuia 100 Yaaas
512 anlnlas W laimes

a

5.1.3 8NAIVAVYUNY]

G

5.2 a151al

a a Q‘f Jd W o
5.2.1 woNlaausgnsnamswiues
a d Y
522 10NaUeanodoas 508as 95
J J
523 myazmemuduTs@eylaasonlsd anududu 1 Tuais
aa Y 9 J
52.4 NIAUDTAN AU uTY 1 Tuans

525 asazaneleleau

ax a 4
5.3 ITMITAUATIEN

= =) Q'l =) =) Qd (% 1
53.1 MamIsuaIsazaeNIaIgIuLel laa Faueiladuigns 0.040 n3u lalu
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[ a a Aaa a a 14 a A aa ] [l
vIadadsuasvia 100 ¥aaans Lﬁhlﬂ%ﬁl!ﬂﬁﬂ@ﬁ@ﬁﬁ%@ﬂﬂ% 95 U51a5 1 Haaans VYUV DN

Tued Taamemivuna tiuasazate Imaey laason laqdudu 1 Tuars Usuas 9 Hadaas 19

9 v @ ll g/ A | A A Y J a a 4 :Il 4 Yy a
mmiauﬂumamﬂummamﬂunm 10 4N LW@iWﬁﬁ?i“ﬁlﬂﬂﬂ'liﬁ]ﬁ'lﬂ]lucﬂ mﬂuuwﬂmﬂu Iy

v A

v v
hnau i 1915103 100 Hadans e liasazarednnug
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532 MIMTINAI0E AT ONFUAGINUNTATINAITaZaeNIATI UL Tad

4
a

9 o o 1 @ @ a a
gNLIULUAFINIDYNYIUN 0.1000 NTY !,muuaﬂaﬁmqm

a Jd o ] a a A aa
5.3.3 MIAUATIEHHNIDYN ﬂlﬂﬁﬁ'ﬁagiﬂfﬁﬂﬂ‘ﬁjﬂ 5.3.2 U5uas5 5 Uanans aelu
[ a a Aaa a oy a'/ a Aaa a) an 4
GU’Jﬂ'J@ﬂﬁJWﬁeUlﬂﬂ 100 ¥aaansg mumﬂauﬂizmm 70 Waaang ﬂlﬂﬁﬂimlﬂcﬁ@ﬂ 1 Illa'li
a a aa a = a aa a c;y ) Yy (A a aa
15105 1 Vaaans !LﬁgﬂlﬂﬁﬁWiagﬁ”lﬂll@I@ﬂu 2 Haaans wminaulniysuiag 100 Jaaans

] z a’l 9 = ) o J ) 1 = @ 1 1y 1o 1
lfumu,azmm”la 20 N UagE@IHIULUDNA (blank) 1/]1&%‘1&&@EJ’JﬂuLm]liJG]ENGchTG]’J@UN

Jannududlaoldanlnlas Tl lalimes Tasiamganauudsianueninau 620

o 1 Y
W Tuuns Tﬂﬂﬂwmmi@,ﬂﬂﬁuuﬁwmmiazmmmmﬂmmu 0

G a 9 a
534 mawasounnaigiu dalamsazareuasguante 5.3.1 Ysunas 1, 2,
=) an 1 % =) =) an =) g’ Q.'l =) =) an a
3,4 uag 5 Hadans laluviadadsuasvuia 100 Yaaaas wutinauwilsuias 70 Jagaas e
an J a A Aaa 1 9 A
AFALDFAN 1 Tua15 151195 0.2, 0.4, 0.6, 0.8 1Az 1.0 Haaaas laasluvlauniNiaisazaie
o @ a) = Aa Aaa a :’ O'J 9 a a Aaa
mesgiumudny tagthilamsazaneloTodu 2 Hadans wuhnauldasulsuiag 100 iadans

' Y Y o
maﬂwmiazmﬂmﬂu

%ﬂ?hﬂ?iﬂﬂﬂﬁullﬁﬁﬂ]@ﬂﬁ']'iﬁ%ﬁ?ﬂﬂ?ﬁiiWHﬁﬂ?ﬂNﬂT?ﬂﬁu 620 LHIL!L?J@]i Lag
3| ' a [ [ a g @ J
@ewdunsmlszrnnaeiilaa (nSuasudl 100 n5u nseAaluSosas 8, 16, 24, 31 1Az 40) HUA

A
AANAULEN

A 1 A IS a a o 1 A AA a
fﬂilﬂﬁEJ‘L!ﬂ1ﬂﬁ@jﬂﬂ’c’lﬂllﬁ'ﬂlﬂﬂﬂiﬂWﬂiLmNIaﬁ' u1ﬂ1ﬂ1‘i@ﬂﬂﬁullﬁﬁ%%ﬂih1m
o ' o 1 @ 1 = o Y = = 1 9
MIDY19 0.1000 NINVDUNATHIDYN L‘VIEJ‘iJﬂiJﬂﬁV\IlJW]iﬁWU walSeumeunilusssazved

woi Taasouils 100 A5
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5.4 35M3A1uIN

Y a a Yy 9 {1 Y a
iaﬂammﬂimmuaﬂaﬁ = ﬂamlfumuﬁmu”lmmawazmmmuTaammgm

(Haansuao 100 Yaaans) x 10

:’ o J Y o
5 x HINUNTATBLNI (DTY)

psvhinasguve weiilaa usaqns

MMIQAnA A

T

0 0.4 0.8 1.2 1.6 2
AN YR IM Az 18I AaiA 55114 (mg/100ml)

MuEInd 01 Usinaweil TaauazmnsganaunaaveIdIsazaIensgIv

anAa J 1a
N6. 15AUNTIZNUT U resistant starch (G?]}’Jﬂcljﬂﬂﬂﬁ 1 Resistant Starch Assay Procedure (RSTAR

11/02) Y84 Megazyme)

A A o
6.1Lﬂﬁ@\‘]3\lﬂllﬁ$@‘ﬂﬂﬁﬂ!

6.1.1 BNAIUANYUHUNNUVVVET (Shaking water baht)
A A < .

6.1.2 ATDINYUNIBIVUIALAN (Bench Centrifuge)
A Y] I 1

6.1.3 11359939ANUIUNTA-A (pH meter)

6.1.4 milnlaslnlniiney (Spectrophotometer)
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6.2 M1
6.2.1 maniniegluya

. Pancreatic a-amylase (Pancreatin,10g, 3 Ceralpha Units/mg)
9. Amyloglucosidase (12 mL,3300 Units/mL)

f1. Glucose Determination Reagent (GOPOD) (for 1 litre)

3. Glucose Reagent Buffer (concentrate) (50 mL)

3. Glucose Standard Solution (1 mg/mL in 0.2% benzoic acid)

7. Resistant Starch Control (with stated level of RS)

6.2.2 esATOUY

A A 9y o s = a 9y
n. psauuaen e lsassuansazaretinives l@euanamn aNuNTy
S A
0.1 Tua1s NeY 6.0
aa A Y = @ o = a Yy v
v. nsaueFan s lfwssuarsazareriviwles lwdeuueFan aNuUuYY
4 d'd Aa A 4 d‘d
1.2 Tua1s Ae¥ 3.8 uag 100 Yaa luals Niites 4.5
4
a. Tnunagenlaason laa
a J Y a A = Y
3. onaeansgeas s08ag 99 lagllsu1as 1eM3 81 Aqueous IMS 3 o8z
50 USu105 Taedlsuas
= o
2. upaFeunaolsa
2. Taden'lanson lag
¥. nsalalasnanin
%, Tadoue loe

. Tnunandeon'lalalasnues Inwoama

= a
. ﬂiﬂm@ﬁghlﬁﬂiﬂﬂ%,ﬂui%ﬂﬂ

2
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ad = =
6.3 15NITATINTITLIAY

[} " a 4
6.3.1 mawssuasazaneivimos TmAeuanaen anududu 0.1 Tuais

19% 6.0

=}
=)

a [ :’ o a aa = Y I
AzAYNIANNDDN 23.2 NTY Gl,umﬂau 1,600 Yanans ﬂi‘]JWLfJ‘]f‘IWL‘]J‘L! 6.0
9 =) 4 4 0911 =KX A = 4 ] =S
mﬂiemauulamaﬂ”lw 4 Tuans mﬂuummmmm%ma@'lm (CaClz.2H20) 6 N5 taz lapeu-

P o o el v & a y & & s A v
©ld 0.4 n5u Usv1sas iy 2 893 Arerindu (@sanun 4 arwaieald 12 hou)

=S % o =S a Y 9 o
6.3.2 mﬁmssm’mﬁazmauﬂzﬂeﬂmmamm«mm ANUVNUU 1.2 Tlla'li

19% 3.8

=D
=2

a an Aa aa oy o Aa aa [ I

BUNIALDFAN 69.6 Hanans avlurinau 800 anaas Usvdieylmilu 3.8

P P A YR & a i & g A
drelxaey laasonlaa 4 Tuars amivasulsuas iy 1 aas drerinau (@ansanun

gauigiitesld 12 hou)

=S Y o = a Yy 9 a a 4
6.3.3 fﬂi!@]ﬁEJiJﬁﬁﬁ%ﬁwU“V\lW\l’t’JiI%mfJiJL!,’E)Gm@W] ANNLUVNUN100 uaaiumi

19% 4.5

=).
=2

a Aaa A Aaa 3’ ) A Aaa v A Y I

WUNTALBFAN 5.8 Haaans adluiinau 900 Haaans Ysumes vy 4.5

4 4 3 [ a I a 2’ o < {
deTamdenlaason lod 4 Tuars amiudlsulsuiesiddu 1 das dreindu (@unsanun 4

= 9 A
pamaLted 19 12 1Aow)
= 9 a a
6.3.4 MIIA8N Aqueous IMS 3082 50 YSuas laglsunas
A Aa Aaa oy o‘/ a
19910 T IUA 500 Hagaans TWiNau 1 ans
63.5 MINMI0UAITAZA0I9919 Amyloglucosidase AMYUTU 300 U/mL

A991981582A18 Amyloglucosidase (AMG) [WuYU 2 Haaans aalu
Y o = a Y 9 s 9 A aa 3 A
asazanefmles Ts@euanaen anuduty 0.1 Tuars (¥ 6.3.1) 22 Hadans (Easamnua

20 paraIFeala 51))



117

] ' a aa <] 1 a3
nneyg : uulavaenqas 5 Naaans LazinuLwYe 1 polypropylene

container T45EMI19M3 1%
6.3.6 N134A38% Pancreatic o-amylase (10mg/ml) plus AMG (3 U/mL)

o o o a
Q2810 Pancreatic a-amylase 1 N34 agluasazaretmos la@euunaen
Yy 9 J 9 Aa Aaa [ = ua.l‘ a A
AMMALAY 0.1 Tuans (19 6.3.1) 100 Yaaans waniumal 5 N NNUUANAITAZAO00
. Yy 9 9 a aa Y Y o A A 9y A
Amyloglucosidase AU 300 U/ml (49 6.3.5) 1 Uaaans taznauldidnniud mleenioniod

= A S ~
TYUNIBIN 1,500g Wunan 10 Un

nnema : sevasz i ludmvesnznounazamsazatsla arsazatens 1 luiun

A3
6.3.7 Glucose oxidase-peroxidase-aminoantipyrine reagent (GOPOD)

. . . e v
199919 Glucose oxidase-peroxidase-aminoantipyrine reagent AT 1TAT DY

% ] Aa aa [ = I~ a
Hlilesiduay 50 Haaans ud1sulSuas iy 1 das
= @ Y o
6.3.8 MswsguaIsazaretiesnIu

azaneTnunadou la'lalasnues Inwoama 136 nfu Tmaeuleason lag
[ =\ a @ g o a aa ] Y I ~ Y
42 05U waznIaaase laasendwu Txon 30 a5y lusinau 900 Haaans Usuliitludiey 7.4 e

lalasaansn 2 Tuans e ladenlaasen loa 2 Tuars

as a L4
6.4 I5NTAUNTIEN

(] [ I
6.4.1 AITUIUMTYRaLATazaga UMY Non-resistant starch

4619819 0.01 5V aalurasaudInirhiaaiin 1Ay Pancreatic a-amylase
(10mg/ml) plus AMG (3 U/mL) (19 6.3.6) asluupasviaen 4 Jaaans e ldhdnsu shimsuulu
1 a 1A = I M) a 9 1
BNAIVANGUHANUULIVEN 37 DernusaIFod 1Tunal 16 9219 iues1uea Sesaz 99 adluua

A an [} Y Y o o = 9 A ~ ~ I
AZYIA0A 4 Uaaang L%ﬂmﬂnﬂu u1“1“1Jm’JENmEJ!,ﬂ§EJwyumaEN1/1 1,500g (3,000 rprn) Lﬂunm 10
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= 1 Y 9 a a 9
win maulaeenuazaza1enznouale Aqueous IMS 308az 50 Usu1as lasdSuas (10 6.3.4) 2
Hiaaans a1y 18N Aqueous IMS Fogaz 50 151103 Taet/511a35 (19 6.3.4) Bn 6 Tadans

' Y 1% ) = Y A = ~ 33| = 1
mmimmmu m”lﬂmammﬂmimmgum’;fmn 1,500g (3,000 rpm) Wuan 10 4N mmuf’lﬁaaﬂ

€
Qe

Y
M19n 1 a5e uazldnszausiraiunuson
6.4.2 NITUIUNTHIUTUIY resistant starch

o w ] [l 1 ] < a a a
1191081991090 6.4.1 1N AUNUIKAD (VLA 4x12 TAAIUAT) LAZIAY
4 Aa Aaa o [ [
Tluaadenlaasonlesd 2 Haaans wudu 2 Tua1s asluusazvaoa nuaisluviasa lueis
:’ < A 1 < I~ A A @ o = a
TVIVUATDINIULDDIMaN 1 1na1 20 1N wuasazatetiimes lu@euuosian A
Y 9 S A 9 1 A Aaa a A
WY 1.2 Tuans Ney 3.8 (V9 6.3.2) adluunazvana 8 Yaaans ANE1S AMG (3300 Units/ml)
a Aaa 1 Y Y o 9 ) 1 1 Qd‘ =S
0.1 dadans asluuaaznaoa waulidnuudnilisluewaruguguugii 50 essuaaiFod

=~ ~ [~ 1
AN 1Wunat 30 i enduesien)
. dmMTUA0819N11T 19 resistant starch 11NN DAL 10

o A @ 1 y 3’ ) v v - 1 Y
Mimseadedlagldvininaunesy laasneglurasau 131y

% a Aa Aaa Y] a I~ Aa aa
valsvasuasvuia 100 Vaaass vazdsuilsuesaudlu 100 Yaaans

) [ ] A (a . 9 " Y 1Y
HUYLia ﬁ'lﬂiﬂ@]’)@fﬂ\‘ﬂ/]llﬂill'lm resistant starch U98nNI1308a2 10 vlll@]@\‘l

199919620619

o Ay A A A I3 ~
‘L!1]‘11]LW’JEJ\‘I@’JEJL?]EENW&JHLW’JEN‘W 1,500¢g (3,000 rpm) L‘]J‘Llli]ﬁﬂ 10 4N @ﬂ
Y
VBDAUNAI 0.1 Uaaang aﬂuwaaﬂmam il"lﬂﬁulﬁﬂ GOPOD (5191}9 6.3.7) ‘]Jill"lﬁﬁ 3 uaaamaﬂmm

Y Y o Y o ' ' aa ~ v A g ~
acviaea Wﬁi]ch’iL"U’lﬂulLa’Ju']llﬂuuslu@1\1ﬂ3Uﬂuqmﬁﬁuﬂ 50 DIAUHALKYITNUN HJ‘LJL’Jm 20 UM

Sannuandlasldaninlas W Tadines Tasianiganauuasinnuennau

@ 1 Jd 1w
510 W TWUAS Iﬂﬂ‘ﬂi‘UﬂWﬂTﬁ@.ﬂﬂﬁuuﬁiﬂl@ﬂfﬁﬂia&’;ﬂﬂlmaﬁﬂl‘l’ﬂﬂﬂ 0

= J A o o o =
HULHA NITIATINTITASAYLUANA miiﬂﬂﬂ‘(’Jﬂﬁlﬂﬁ'ﬁﬁ%ﬁ'lﬁm‘w&waiI“]ﬂ@ﬁ]ll-

HOTAN ANUITNYU100 Had Tua1s MY 4.5 (19 6.3.3) 0.1 TadanT HANAUGOPOD (10 6.3.7)
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a A aa ] o 1 1 A Y] I
Usmas 3 iaaaas manlddiduudnildunluswauquaungiin 50 esrusadeaniui u

~
1387120 UIMN
Aad o
6.5 19N1TNTUINU
9, g v 1 d’d a "9
6.5.1 @MsuAI0eNNNYTIIU RS W1nNT0802 10

Resistant starch (NSUABAIDE19 100 NSN) = AE x F x 90
\\%

o [ % 1 d‘d a 9 T Y
6.5.2 @MSUAI0eNNNYTIIU RS Hoon5ouas 10

Resistant starch (NSUABAIDE1N 100 NTN) = AE x F x 9.27
\"Y

WUYHNA AE = AINIAANAUIAII0IAI08 1

F = mvesdunduanaiganaunas lihilululasnsy

k4
o o

W = 1Miind081auie (Uaansu)

ana 4 oy < @ a .
n7. 355 1zANNa s lumsazatelu uiu (dauiladn1nI5ued Jane and Seib, 1991)

A A 7
7.1 lﬂﬁﬂﬂuﬂlla%fgﬂﬂim

7.1.1 Lﬂ%wuum%wmmﬁﬂ (Bench Centrifuge)
7.1.2 n5041)u (blender)
Y Y o
7.1.3 ouauiou (hot air oven)
7.1.4 mwuzld@10619 (glass plate)

a o
7.1.5 19ENANDT (desiccator)
ad a 4
7.2 AFNITAUATICH

g’ <3 1 @ (] o 3’
nagouANNaIwIse lumsazaeluiingy lasnseqazargaindie 1 nu asluiii
Aau 100 Jadans 1 1Uudrenseadu (blender) 2 117 nazldaslumasa centrifuge 1A 04

H < H z a an 4
WUIMIBIAEN NAN1IZ 1,200 g Yszana 15 Wil miniugaveuraIfiuum 25 iaaans e
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o g‘ v o oy o o 1 2’ <
m"lﬂaumumuﬂ Gmumuﬂuazmmmmﬂ1mmmmmiumﬁazmﬂﬁlumwu (Cold Water

Solubility : CWS)
7.3 35MIfuIN

avwannsnlumsazareluningu (%) = (W, - W,) x4 x 100
w

1

Y
s W, = 1Minal0819 (nFu)
v
W, = 1Miinmsuzneuel (nFu)

Y
W, = 1nilnmsue ey (nFu)

[ 1 J a3 1
na. ﬂ15@]53%ﬁ9ﬂaﬂyﬂl$§ﬂ51ﬂﬂlﬂ\1 Ll‘ﬂﬂ Llﬁgﬁ@”lﬁclfﬁflﬂﬂé}@ﬂﬂﬁ%ﬁiﬂuﬂ!ﬁﬂ@]ﬂuuﬂﬂﬁi’NﬂﬁW]

4 i3
8.1 1n303ip1az 1N ol

8.1.1 NapdanIseislanAToULUDEDINTIA (JISM-6480LV, JEOL, Japan)
8.1.2 1NY aluminium stub
8.1.3 m‘ﬂmmﬁuauﬁ@m%

8.1.4 1AT9UAADLNBY (SPI module sputter-coater)
as a L4
8.2 3 DNMITAUNIIEH

a 4 & o w 1 { 1 ] y
AU NI UOUNIIA UL aluminium stub 118108190 UMIoD Tan sy
Y a 4 9 ~ A ng/ o 8 A Aa o [ 9 9
HANAAAIVUNUAINTUOUAIVUAUNIHNAD 910U aluminium stub NHIUNITAAAIDE1RNU
A A A A a 9 @ (] o o [} ) ad J
IATOAUAADUNDI INBIAADUNDIAIVURNIMTIV0IAI08 1 d s UIeinlszgodnason 1aumu
L. A A U 1 1 1 .. @ 9 4
aluminium stub NFIUNMIIAADUNDIAY dasluwseald aluminium stub MaluaInasigansseal
adad [ 1 [ [l 9 9 ’a 1
DIANATOU P399 ANHUL 31T 1AIDI1AIINABIYANIIAUDIANATOUUVUADINTIA TAIAILAY
v ! 1 Y] ~ a d Yo w ~ = 1 v A a ~
dasusannuandnd Wi 15 AlaTran wazldsrdavensn 500 54 2,500 1 Aa@BAMNUTIUN

Y 1% @ Y o Y KX o =
aoams UsuIvnalnganuuainaimstiunnnn
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Aa L4
8.3 ADIUNAUATIEH
] a a 4 a 4 4 a 1Y
Phﬁ]‘lﬁﬂﬁ’)%ﬂWﬁWﬁ@]ingmﬂIuIﬁa AUSINYIANAAT JWIINTUNNIING1RY
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Viscosity (cP)
Sample Pasting Temp (°C)
Peak Trough Breakdown Final Setback
NWF 78.08° +0.39 3,360.50"+19.09  2,081.00'+5.66  1279.50°+24.75  3,309.00" +49.50 1,228 +55.15
DNWFO.15 50.05° +0.07 1,472.00" £ 79.20 994.00" + 8.48 478.00° + 87.68 1,523.50" £ 19.09 529.50" +27.58
DNWF0.25 49.38"+0.18 1,651.00" + 4.24 1,125.00°£9.90  526.00°+14.14  1,915.00°£24.04  790.00° + 33.94
DNWFO0.35 49.32" +0.04 1,751.00° £72.12  1,232.00°+39.60  519.00"+32.53  2,014.00° + 8.48 782.00° £31.11
SNWF65 80.68° +0.04 2,207.00° £ 0.00 2,049.00 + 14.14  158.00" + 14.14 2,958.50° +3.54 909.50° + 17.68
SNWF75 84.50° + 0.00 N/A N/A N/A 2,246.50" + 65.76 N/A
SNWF85 86.72" +0.04 N/A N/A N/A 1,602.00" + 65.05 N/A
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Pasting Temp Peak Time Viscosity (cP)
Sample
CC) (min) Peak Trough Breakdown Final Setback
NWF 78.08°+£0.39  5.00°+£0.00 3,360.50°+19.09  2,081.00°+5.66  1,279.50°+24.75  3,309.00°+49.50 1,228.00° +55.15
NWF + 5%Sucrose ~ 80.68°+0.04  540°+0.10  2,377.50°+0.71  1,838.50°+37.48  539.00°+38.18  2.835.00°+15.56 996.50° +21.92
NWF + 10%Sucrose  82.92°+0.04  5.50°+0.04  2.431.00°+1.41  1.890.00° £26.87 541.00°+£2828  2.887.00°+11.31 997.00"+ 15.16
NWF + 20%Sucrose ~ 86.50'£0.00  6.20°£0.00  2,364.00°+12.73  1,933.00°+39.60  431.00°+£26.87  2,804.50"+ 17.68 771.50" +21.92
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Pasting Temp  Peak Time Viscosity (cP)
Sample
Co)” (min) Peak Trough Breakdown Final Setback”
DNWF0.35 4932004 487°£028 1,751.00°£72.12 1,232.00°£39.60 519.00"+32.53 2,014.00°+8.48 782.00 £31.11

DNWFO.35 + 5%Sucrose 50.55+0.64 696 £005 1,174.50°+5020 1,135.00°+3536 39.50'+14.85 1,871.00°+848 736.00 +26.87
DNWF0.35 + 10%Sucrose ~ 49.85+0.92 696 +£0.05 1,110.50°£44.55 1,081.00°+26.87 29.50°+17.68 1,794.00° +65.05 713.00 + 38.18
DNWF0.35 + 20%Sucrose 50.05+0.07 6.94°+0.09  965.00° + 8.48 935.50" +3.54 29.50°+4.95  1,671.00"+15.56 735.50 +12.02
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Pasting Temp  Peak Time Viscosity (cP)
Sample
CC) (min) Peak Trough Breakdown Final Setback
SNWEF85 86.72" £ 0.04 N/A N/A N/A N/A 1,602.00" + 65.05 N/A
SNWE8S5 + 5%Sucrose 87.38" £ 1.10 N/A N/A N/A N/A 1,366.00° + 14.14 N/A
SNWF85 + 10%Sucrose  88.18" + 0.04 N/A N/A N/A N/A 1,212.00b +19.80 N/A
SNWF85 +20%Sucrose  90.42° + 1.17 N/A N/A N/A N/A 866.50' +£9.19 N/A
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Pasting Temp Peak Time Viscosity (cP)
Sample
CC) (min) Peak Trough Breakdown Final Setback
NWF 78.08°£0.39  5.00°+0.00 3,360.50°+19.09 2,081.00°£5.66 1279.50°+24.75 3.309.00°+49.50 1,228.00°+55.15
NWF + 5%NaCl 84.42°£0.04  6.16°£0.05 1.863.00°£2121 1482.50°+7.78  380.50°+13.44  2,071.50°+£2333 589.00°+ 15.56
NWF + 10%NaCl  86.65°£0.00  6.84°+0.05 1,753.50°+£26.16 1,567.00"+ 16.26 186.00" = 9.90 1,919.50° £ 19.09  352.00" +2.83
NWF +20%NaCl  81.08°+0.53  6.96°+0.05 1,746.50°+3.54  1,607.00° +2.83 139.50° + 0.71 2,089.50°+ 1.41  483.00°+0.00
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Pasting Temp  Peak Time Viscosity (cP)
Sample
o) (min) Peak Trough Breakdown Final Setback
DNWFO0.35 49.32 £0.04 4.87+0.28 1,751.00 +£72.12  1,232.00 +39.60 519.00 £32.53 2,014.00°+8.48 782.00+31.11
DNWFO0.35 + 5%NaCl 50.32£0.95 N/A N/A N/A N/A 433.50" + 16.26 N/A
DNWEFO0.35 + 10%NaCl 51.10£0.14 N/A N/A N/A N/A 354.50" + 12.02 N/A
DNWFO0.35 + 20%NaCl 50.15+1.63 N/A N/A N/A N/A 452.50"+0.71 N/A
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Pasting Temp  Peak Time Viscosity (cP)
Sample
CC) (min) Peak Trough Breakdown Final Setback
SNWEF85 86.72" £ 0.04 N/A N/A N/A N/A 1,602.00" + 65.05 N/A
SNWF85 + 5%NaCl 88.15"+0.00 N/A N/A N/A N/A 1,366.00° + 14.14 N/A
SNWEF85 + 10%NaCl 89.32° + 0.46 N/A N/A N/A N/A 1,212.00b +19.80 N/A
SNWEF85 + 20%NaCl 91.25"+0.00 N/A N/A N/A N/A 866.50" £9.19 N/A
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