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ABSTRACT

Nang paya banana starch consisted of 17.09% amylose content, which was
found in B-type crystalline pattern with 36.81% crystallinity and its initial gelatinization
temperature (To) was 72.60 “C. The resistant starch content of Nang paya banana starch was very
high (60.16%). The granules of Nang paya banana starch occwred in different shapes with
average granular size of 25.04 [im. Nang paya banana starch was modified by two physical
methods: (1) heat-moisture treaiment (HMT) at 100 °C for 16 hours at different moisture levels
(18 - 27%) and (2) retrogradation at 4'C with different storage times (1-15 days). After HMT, the
crystalling pattern of banana starch changed from B-type to A+B type aﬁd the crystallinity
content decreased, For the functional properties of heat-moisture treated starches, it revealed that
their swelling power, solubility index, viscosity, consistency coefficient and resistant starch
content of this banana starch decreased, while the To, the pasting temperature, the storage
modulus (G"), the instantaneous elastic (G,) of starch gel, and susceptibility towards enzyme and
acid hydrolysis increased significantly (P<<0.05) compared with native banana starch. As for the
effect of moisture level of the treatment, increasing moisture content from 18% to 27% decreased
the swelling power from 16.23 to 10.86 and To increased from 71.56°C to 81.86°C as well as the
strength of gel increased with increasing G' and G_ from 2152.48 Pa to 3386.70 Pa and 4301.43
Pa to 6837.20 Pa, respectively. In addition, the susceptibility towards hydrolysis by acid and
alpha—amylase enzyme increased, while resistant starch content decreased further with increasing
moisture level of the treatments.

The effect of retrogradation on structure and functional properties of Nang paya

banana starch was investigated. The banana starch was debranched with pullulanase at the degree

(8)




of debranching of 77.09% before retrogradation. Changes in structure and functional properties
of retrograded banana starch (RBS) were found depending on storage times during starch
retrogradation, An increase in storage time from I day to 15 days, the structure developed close
to B-type crystalline pattern. In addition, the crystallinity, ratio of short-range molecular order to
amorphous and the enthalpy of gelatinization (AH) increased with increasing storage times. This
indicated that the strength of RBS structure was increased. Increasing the sfrength of RBS
stiveture caused to decrease viscosity and consistency coefficient of starch paste and increase gel
strength (G’ and G,) of starch. Furthermore, the susceptibility towards hydrolysis by acid and
alpha—amylase enzyme decreased, while resistant starch content increased with the highest value

of 71.05% at the end of investigation (15 days of storage time).
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Table 2. Type of resistant starch based on the extent of digestibility in small intestine.

Type of resistant starch Occurrence Digestibility in small intestine
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(Enzyme-resistant starch; RS)
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3.1.3 retrogradation starch (RS type 3)
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Power law model

T=KY¥ (1
e T = shear stress (N/mz)
¥ = shearrate (1/5)
K = flow consistency coefficient / index (Pa.s)
n = flow behavior index (dimensionless)

Herschel-Bulkley model

L)

T=7,+ky (2)

119 T, = yield stress
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4.1.2 gudadgindmaan (viscoelastic properties)
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dio G() = stress relaxation modulus
o) = anuduiildsumlaes
£ = anuATea

o

1

o . . . -1 o 1 A o 1 1 3!
09 viscoelastic solid anudHezanasauitluamiaiGen AnnuaY
. . o - [ d
AUAD (equilibrium stress value, G, >0 ) luihueudeIdy shear modulus (G ﬂ%ﬁwﬂﬁuﬂa
g : H H 1 ) g . . . v i
HE ot G, > 0 989 viscoelastic liquid mmzf’{uaﬂmtﬂuﬂua 09 viscous liquid Tiannsahey
A 1 & o o ¢ 4 1 o £l oo
anuquasdudie liimandounvhldnmudugmianldesiiufiviula
= L4 =) . o = d 1
4, NTUNTILHANUAY (creep) WM INERHAN1ITNBUAUDIAS
] tﬂ, of Ll =y - A
aduiinsfivesTaqgdaIndaradnluzlued creep compliance, X Faufiu viscoelastic
= 1 oW 1 =t 4 e ! 3 o
parameter llf!$1|ﬂ'11‘}’l'lﬂ‘ﬂﬂﬂ'5'lﬁ'gu‘ﬂfNﬂ'J'liMﬂSﬂﬂﬂlﬂﬂﬂuuﬂﬁ\‘lﬂ@ﬂﬁ'mlﬂu ﬂ\?llﬁﬂﬂ(lu

P
qUNMIN S

Oy
o Jt) = creep compliance
£() = nnuduinfeundas
G, = AMUATYA

o

Sein) viscoelastic solid {01# load A9 J vzifrdan1ozanga I, wiienien
load 800 o 1301 t, J wwanaufiugud Saq viscoolastic liquid diol¥ load Aefi 1 vzt
Hafuduasiveaan) naa9Ine1 load 880 8 1381 £, J avanaufumnsfivile (fnite value)

Berger model véﬁq”lﬁmmnmsﬂw Maxwell model 1ag Kelvin model WD

BYNTY B30T 1NUHGANTIY Creep TRAIANMIT 6

~
JG)= Jy+ I~y ©
Ny
Tes  Jp = the measured compliance (1/Pa)
J = the instantaneous elastic compliance (1/Pa)

o

= 1/G,
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J| = the retarded elastic compliance (1/Pa)
- 1/G,

m = the retarded viscosity (Pa.s)

. = the terminalviscosity (Pa.s)

(7 = the retardation time (s)
= Jp 1,

=y 4 & s . . . )
A, NMIANTITUNTTAUNNNWA M (dynamic oscillation) dhumsfinuims
1 9 A = 3 & P @ . ' .
menﬂummmmmuﬁsaﬂ'31mﬂsamnw‘lmmsmaaummuau (harmonic oscillation) U84
"fﬁﬂfjﬁ Tndaaanlumouved viscoelastic parameter wauda laun storage modulus (G'), loss

modulus { G" ) 4 loss tangent (tan &)

2

' = @ 4 g ar as
i1 storage modulus udastlTunveandwiigniiy 3T 145y

3 & =t v & - 3 a oy v o o
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- '] alpha-amylase (porcine pancrease) (sigma chemical , activity 2520 U/ml)
- o'l pullulanase (sigma chemical, activity 444 U/ml)

- mu'lcmf amyloglucosidase (sigma chemical, activity 3,300 U/ml)
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- ﬂ'gmﬂﬂﬂiiﬂ‘ljlmuﬁmﬂi’lﬂ (Scanning Electron Microscopy) ¥ SEM g'u JSM-

58001V 1fszinsyiju
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- wieedalSunamdn (X-Ray Diffractometer) 8%0 Phillips U X’Pert MPD Uszing
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Transform Infrared Spectroscopy (FT-IR) Tﬂﬂ‘l%’waﬁlﬁ’ﬂﬁaaéw attenuated total reflectance
(ATR) udarimsTammsganAuuasfig1anmmd (wave number) 1300-800 cm” LBZQUNYH
25°C fmamdadivvesluanafidaiFosduuuindvigdodiuedugiu RsA) Taofon

INdAsIdYBIAIMIgANAUUATIAIE 1047 em” ¢iB 1022 em” wazdnmAn/TIW




36

RSA FUFNT Gelative RSA) TagdnanioinaidSins RSA finatlaq Mounuilsina RSA

YosamssnoumIdauls
=S [P o ﬂi I
2.5 maAnnpaElRiBahiivesamssndinamn

2.5.1 fdsmsnesiazanuansalunsazaiy (swelling power and solubility)
Anmdansnesianazaueusalumsazavesaas ¥nd 101w

Fo W
faneunaznsamsaandsaindizanudondu Taunfouaaseanududuiovoz 0.7 Taw

T

o 3

4 [} ] 1

imdnuds sl ld Iiadeudioangd o5 °c dlunar 30 il udnhldmisedn
o o 1 3 o

anudasen 2200 seudewnd Wunen 15 i shmsgadauazmvdanlaudanily
v A = a 3 & oy ar '3 3y A9 I o ¥

suafigungil 100 °C vinduFaiminamisunsfimaonsegiioininaumiosn:
e o o =] = ] @ v? (Y] d el

myazate (@un1sh 9) dmSuazneudivnamsvonlunasminndulmidnaaivines
@ A e T o o A at .

faudiodnnusimdimanesds @umsf 10)  (@autae91n Schoch, 1964 U0 Eliasson,

1985)

¥

. +
Zovazmsazaw =  Hminamdsdiazar]dluii (n3) x 100 (9)

:’ ar g a @
WINUNMHIVBEA1IY (ATN)

o a :’ < s el @ o
ATENITHOINT = u’]ﬂu’ﬂﬂﬁ’ﬁ‘ﬂﬁ“ﬂﬂm? (n3y) (10}

oy o 3 o a
YHUALTIVOIAATY (ATU)

2.5.2 guiautiamstianad Luisdu (gelatinization properties)

ﬁﬂmﬂmﬂnﬂ’ﬁﬂﬁsﬁﬂmmﬁ"luwﬁuajmam1‘5’%5’0&1&1@1‘1fywﬁ‘;ﬁﬁﬂmmwﬁ’a
ausaulsdaoiimamenmisassds Tnusousaeteamivdoidivsand 1: 4 (Tag
St nnfudaieBidAaauaaihuam 12 $2Tus udnidaesnahiliasudoudae
11304 Differential Scanning Calorimetry (DSC) 718051 10 C/min luaasgaingdl 10-95°C (Lii
et al, 1995) TmstufinAgungiisudu (1) gungiigega (T) uazgumgligai (1)
vosmsifanad lumdu uazndeui1dlunisdanod luesu (A uazdiuda
USmaeaiiollduing (elative enthalpy) TasfmmnnsnTunaeaiailfinmlan doudy

dSwraueaviailuesamssnoumsanuds
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2.5.3 fud u17aN195 1o 169 (theological properties)
2.5.3.1 qumﬁ'ﬁmitﬁﬂmﬁﬁmmﬁm{‘n (pasting properties)
ﬁnymmﬂuﬁ’ﬁﬂmﬁﬂmﬁﬁwaﬁmé"ﬁmﬂﬂf’hﬂu101‘4@31‘5’:\1fiauuamﬁ’qmsﬁ'ﬂ
s Eae TN emen A ao93E A201a%04 Rapid Visco Analyzer RVA) Tugnmsfifiunan
0% 7.0) lasldmisazao NaoH ($udu ol M uazanmeiidlunsa Giov 3.5 Tnold
asazmeninordamiudndevaz 30 TnueIouaasnduduievas 12 (Tﬂﬂ‘tfmﬁﬂuﬁq) et
)

- ]
asludoezgiidion dslisunsugamgiuaznm Idanudoudail drausmfiugungiinns

¥ ' ] k4 3
"c Igeduludan 1.5 "Cmin sunsziisdegamgil 95 °c aelingamgiitumm 3 wiil vimiy

1
=

¥
fov 9 angangiadludasi@ertusuigamgl 25 'c nelAfigungdiinu s wfl dudine

a3 o

matAsulasmnumilafiguungiuaznmden dnngigungiiuduvesmuiannuvila
(pasting temperature} ﬁ‘lﬂ‘ﬂﬂﬁﬁﬂ@]’x‘iﬁﬂ (peak viscosity) A1 breakdown 1021 setback (Whalen
etal., 1997)
2.5.3.2 wqﬁnssumﬁ'lwa (flow behavior)
o 1 3 o’j ] ar
AaymgAnssuns Inavesaaisndrouranaisneunazainisdauls
Y oy g el E ¢ A @ 3 W :: o s
03 menen mnisaedds laowsouamsyiiszduanuduiuiovaz 4 (Tasimiingds)
o { = [~ o w1
wdnivh e feuiigamgil o5 °c dluam 15 wdi udahldfadnnumilacagainn
{ o 1 q A = 4 = 4
dufeufisnsiniaifonluse 10-1000 s figaungil 60 °’C AawinTesd Teiined (RheoStress,
A 1 v o oo = . R ] LY T
HAKKE, Germany) #98NUHIIAYUA coaxial cylinder (Z41) WINSANHIAINAUTUS
1 | A 3/ 4 o @ & = d o
seranamNuniataza U ounudasmsmey lugtduuugumndiamans Ao
1 ar (=] lad a 1 o -
Adulszaninnunedn (consistency coefficient) Llﬁ%ﬂ’!ﬂ‘ljﬁ“"ﬁ]ﬁ!ﬂiiumﬂﬁﬂ (flow behavior
index)
2.5.3.3 ﬂmﬁmﬁ%ﬂ Tnda1afAn (viscoclastic properties)
2,5.3.3.1 mﬁmﬁzﬁmsﬁumqwﬁﬁ (dynamic oscillation)
sy =3 o o g 1 a o
ﬁﬂ‘umiuﬁuum:eiﬂﬂ'aa1amﬂ*11aaﬂm3%nf’i"stamamywmﬂﬂuuawmmﬁﬂ@
1
w5883 8 menon N eaees Taefin1siins e aae linear  viscoelastic  LETAIN g
2 g . 1w L ¢ A w ¥ oy oy
MAHUIN A FIIAAT strain IMAUTOAL 2 VINUATVUAAITTNILAVANHIIUVUTDURZ 8
:’ w o A 5 =7 ~ o @ T
(agsminude) udanih Wl Ifanudoufiqungi os ‘c idhwiar 15 wifl udnihlddasm
storage modulus (G') loss modulus (G'") U@z loss tangent (tan &) fg1nud 0.1-10 Hz A
=y A =1 lé 1 a ot L4 =
PUNYN 60 °c ﬁfmm?aﬁiamma{ (RheoStress, HAKKE., Germany) 4990 UHIIATHA cone

and plate (CP4/40)
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25332 MIARTIZHAMIAL (ereep study)

AAHINITAD (creep study) ﬂmﬁm%mé’wu1qwtuu'n?agqﬂ'auuazﬂﬁamsﬁﬂuﬂs
Srviimameniiaesss Tanndoumsazaeaniafnnudududovas 10 (lagimiin
ey 1l dnwdeufigungii o5 °c dwant 15 i udnhldmnmsfumeldany
Budou 10 Pa lug29921 400 Sind dronFesd TeiimesFasoiuaiauiin parallel plate
sniAnIANdNTUSY09AT compliance A8 1A819LUUS 1099 Burker Model 412
A11IBUA instantaneous elastic modulus (Gy), retarded elastic modulus (G), retarded viscosity
(n,), retardation time (T,) UAY terminal viscosity m,) Tae1435 015994 Inokuchi {Shama and
Sherman, 1966 ; Sherman, 1966} L& AIAINIANNIN 4

2.5.3.3.3 MINAT INTNTIATY
ﬁﬂmnmﬁﬂ?'lmmsLﬂ*ﬁu‘umﬁm1'5%5’;014Nwapﬁ’:adeuuazﬁﬁ’aﬂﬁﬁ'ﬂ
wlsdeiindendy Tansoumsozmoamisinnudududosas 25 (asiminuda)

L3

sl l¥nnudeufigamad 95 °c Whunm 15 wit ildiduassunsegamginndy s0°c
yhiedralifusnuifigamgd 4 °c iihuszeznan 0,2, 5, 8, 26,50 uag 70 Fa g vimiuda
ilSadn1sgandusasdurhizafinnufioas 1200-800 om’ sundaduvesTuanad
faGuduumndoigrodnedugiu ®sA) lasfnnunndasidivesmmaganineg
A 1047 em’ sio 1022 oy Anwinrwdiiufusansnavilai Rsafum waz
Fimsiamsasmunie’ nsnsedulasldounis Avemi  ugasfananuIn 9

(Avrami, 1941)

[y d
2.6 MsAnsEAUMIgntiondaeowulyal (degree of enzyme hydrolysis) YeaamI¥ndIe
NG
o 1 s o 9t n’: 1 o
Anvszdumsgndesdiseu Irlvesamivndaonangvisnounaznaanis
o 1
Sautl341835Mamen i age T (Zhang and Oates, 1999) Iaudadptnasasy 0.2 aw
a - s oAaa o Ed
ANE1TaYA10 0.1 M phosphate buffer (pH 7) USias 2 Tadaas Ao Tl ajphe-amylase
§ H 1
. L ' ) o '
(porcine pancrease) 2520 U/g starch 1aniiuiy luiafigauvgdl 37 °C Ainnuiiseuvesmsive
3 g o ' = & 3 aaa
150 soUsed Taohudisdna 5, 10, 24, 30, 48, 54 uag 72 2119 Mmiungalfnsoves
rou'lan] §rumsazans HeCl, 04 mM inasadandanmminissfinauniisen 2000 5oy
! oo 4 1 o aa oA a o o
goundt Sluna 10 wd wenensazaedula 1 Taddas lilishiguugil 90 °c Wunan

L a & o 3’ A = . e o 1
15 Wi wazii i FesedlSmenimasaad 13T Somogyi-Nelson (1944) aziitdiiogi
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a Iy '3 = oy 3 . =
aas¥ndlonoumsaauds ll3mseimiSnanimioniavinlagdd Phenol-sulfuric (Dubios

et al, 1956) uaAIRIMAMIIN U idIRINsERUMIgRoosduen lwl dasaun1sh (1)

ar T o o :J = a :’ 3
szdumsgntoadlsion o = WSnaniaiaad X 100)/ @WTnsrheanaue) (1)

2.7. MIANIILAUNIGNAOERINTA (degree of acid hydrolysis) VOIAMISY NI

ey

ﬁmmzsa"fum‘sgﬂdaﬂé’wmﬂmﬂaﬂm%”ﬂfﬂé’qﬂummu'lﬁy’afiﬂmmzﬁﬁamsﬁﬂ
szﬁaa’%%‘man1anqwﬁm‘aﬁ%‘ (Hoover and manuel, 1996) lng#adaagamasar 0.25 niu @y
asazmonsalelasaassndudu 2.2 Twa 10 ml i lthisfigamgd 37°C et i
dlunansdie 1 N NaOH ﬂwﬁ'aafhammgum%ﬂqﬁmmﬁasau 2500 sOUADIT 1iluan 10
A wenarsazawdula 1 Tadaas 951z HilSinaninia3asd Iau3h Somogyi-Nelson
(1944) uazﬁﬁaadwﬁm%’%ﬂﬁaaﬁaumsﬁ’maﬂs‘lﬂfjm‘mﬁmﬂ?mm{wmaﬁg\muﬂ'Iﬂﬂ"i‘%‘
Phenol-sulfuric (Dubios ef af,, 1956) LEAIRINIAALIN ¥ AuszAumMIgndesdunia dau

aumsn (12)

o 1 = H a od = 3 -
szdumIgndesdensa = (ITanhmaiad X 100)/ GlRnsnihmanmun) (12)

= ¢ o ' Pow ¢ ] v
2.8, prsanSnaamssimunensdoadaaen lan] vesamsy ndawangn
=y S ] ' o 4 o 3
Anu1lSunaamsyinudemsdesdlviou latvosaaisyndrsurang e
1Y
ABULATHAINITFAL TA18TEN1MEN 1NN 98093F A2075 19 McCleary and  Monaghan
& w ' I3 e & o ¥ C4 .

2002) TavFadandieaaiis 0.1 g lunasadiidhila vintwAvaisazaiee vl pancreatic
alpha-amylase isien o amyloglucosidase (AMG, 3 U/ml) 4 ml a1y v T el

1 oy o o . - o 3 a
s1rathinauRugavgll 37 °C finamnda 200 stroke/min (Ut 16 ¥21Tus vimiudneniuen

o e 1 o i { o =3 [
©9%) 4 ml udnhdseonedi i@ mpumdeainaus 5o 3000 rpm Wiaar 10 Wi mdu
O ' e w4 A4
Tafis dwzneuitldinasaediseniuen (50%) 8 ml udnhdednd 14 livnyumisen
d ’ o o : kA o 1 a 1
AMMS 2591 3000 rpm Hunat 10 1 Ghdn 2 a9 Mingneud ldunuAy 2 M KOH 2 ml (ld
& . o Y 4
magnetic stirred bar YA 5x15 mm) 1MW l)aanihuoai 20 ww Jugraiuda lensy
1NANAY 1.2 M sodium acetate buffer (pH 3.8) 8 ml uazgﬁm@uhﬁ amyloglucosidase (AMG,
9t

3.300 Usmi ) 0.1 mi Taesiudt aaaldidndiu udnilinalusabnanguaangil 5o °c iy

1981 30 W
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sinhtidaodied dumlinfnas 18 100 ml Srondu weulhdhiu
wdnhhlmpdssfinugasen 3000 pm e 10 10 shdedieild o1 m 1dlu
yaoauds (A1 3 97) @Muansazats GOPOD 3 ml udnh luliniigamgd 50 °c fhuam 20 wndl
udrRanhdetheit ldinTadimsganduiaafinanueaniu 510 nm #20 reagent blank A1y

PSinsaarisfinudenisdesdoeulsm! (RS) drwaumsi (13)

iSmamdsfinudomsoosdaoonlyd (RS %) = AE x (F/W)x90  (13)

I

AE ANIANAUIAIUDIAEI0815NATINOIINAY 510 nm
F = 100 {mg of D-glucose) / 'fhﬂ']ﬁi}ﬂﬂﬁmlﬁwm 100 g p-glucose AANEINGY
510 nm

L
o Y] s v 3 ar
w = u’mumlﬁﬁ‘l}ﬂmmmaﬁmi‘ﬁ (n3Y)




4
Ui 3
Hallae30150iNaMINAn0a

d 2 o b4 3 3/
1. ﬂﬂﬂﬂﬁ:ﬁﬂﬂﬁﬂ'lx‘i!ﬂﬂlmgﬂﬂﬂ 9!311']\11?] FIAINNVOIAN IV NIV UGN

11 MsHanaaynaIEsnan
IMITINHINTHEAAAS ¥NE SN [ Musa sp(AAB Group) “Kluai
a i A '
Nang Paya’] Iaofadenndasuananiiinldendieadn (.5 Gyes) sailundawiifiszus
magndi 1 (ldendor wauds Salifiniegn) Lii e of., 1982) Tasszuzmsgndi 1 Tfsua
o ¥ A 1o o ] 1 a = o £ a e ::?la 5
a15 Tu'lsmsafieglugvesamsge Sumnzudmsihuwdaamdy Faluanidvilla
A YA a g = W oo A v W<
donl¥isnsndadlumsazats wdoy lansonlad Wissnnmsazans Indoy leasen laa
[ { 1 @ 3 q o u’j 4
Fuasfiannsodesniusaduouiiononde'ld (Chiang et of., 1987) dahuileldairazae
a ) o o o LY S a
Twdonleasen ledlumsrdaamistehlfmiuradivetuasdiemelusadgnias
2 #
amsrsemnsongasenin ldhonhimsniadlsmsasaoyiindy uenviniumazne
7 = v g 1
Tdonlensenladaunsadaen Tusaunms fudiagmifsliazawesninoglumsazann
1 (Rayas-Duarte et al., 1995) tlofinsamiSnamiyndrouangriinda ldnudildfos
oy or o 1 ar é 1 s 1 {
ag 55.70 (IashmaTnude) uaziadsiianuvaihfudovay 95,36 Falarlndifveduan 1d
4 gl o 4 3 :’ ¢ 1 'd gf =1 o o A o
nnamirnnadntayn amisndmihaeuuasaamivndaveil (Gdud 7399, 2543)
< 5! ¢ 3/
1.2 panlszneumaniivesamsundisinanan
' ed 4 -y as o
pandlsznoumamiiveaan1fyna0u1 Nl UAAIAY Table 3 lavamiiy
5 14
ndaomangniidSinaenusudooaz 11.97 Jaoiminude) WsmaTdsiufosaz 025 (Tau
o ¥
dmnfaude USinalatudevas 001 Gamiwiinuds) wasdSinaud3evaz 0.18 (lay
3 o o = o rd 1 o
dntinudta) vinmsdmsiziilSna T stuuas luiui idwuhddwios ugasliiiuhamis
¥ A o yya 2 = A =y ) s =4 ar o
adamnananiadaldfianuuignige uesdienTououedlsznoumuniisuaniiy
kY 2' 3 s 3 = o 3 o 1A ¢ = Y o
ndai3 aassndaonil uazaaisndreinyn wuhilmesmlszneumauniilnamosnu
w & an A a ar = o 3 9 el 9 [l
(Fud 73297, 2543) dmsulTinaeziiTagvesamsndaounng i ldainmsneasany
' d Ao o Py
S Zounz 17.00 (asthmingd) Falidrlndoaduamiyndlo Fougamon Feiimdovas
17.16 (Eggleston ef al., 1992) amsynday Valery finfovazis (Kayisu and Hood, 1981) uag

AMS¥NA78 Cavendish T1fowag 19.5 (Ling et al., 1982)
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Table 3. Chemical compositions of Nang paya banana starch .

Chemical composition Content (%, db)
Moisture 11.97£0.56
Protein 0.25+0.16
Fat 0.01 +0.00
Ash 0.18£0.03
Amylose 17.09 + 0.09

Note: Each value is mean of triplicate + SD.

ar < Vv
1.3 dnyaenalnsaasuosamsynalIuuIang
1.3.1 é’nyngﬂ'iwumwm (granular shape and size)
nn1sasnaeudnrnzilinveudaaaiiyndivuiengdlvmies
1 o 1 o
Scanning Electron Microscope (SEM) 1‘11]’J1ﬁﬂ‘}4m3‘§,ﬂ§' Nu’nmmﬂmﬂﬂmf‘mfc’f’mumwﬁ
sus1ananmane ldud j1i5anaund1o’ld (ellipsoidal shape) 71/319M4873 (clongated shape)
gﬂs"laa'mmﬁuu (triangular shape) meﬁgﬂmaﬁ'lﬁuﬂueu (irregular shape) 148 A9A4 Figure 4
1w ¥ ) o A 3y P e [} aQr ]
LA ANy e U ulinaa Ty SdnsausiiuAfiG oy Lifseouamin uaaaliiud
d & el w YA o 0o ° - @ A '
dagmisriadaldianuauysoiuas hignihmelussnhedunoumsafanionsunsou
A o ¢ o & 1 3! arey F=) ~ =1 gt
Fustaaarsefianuauyreidenaldquanifnauaiisaznenenini llianugndes
3 4 ar P 1 )
ueanNiuioAnyIMInIzneRvnsvinaiagmssadnnagdiomies Laser Particle
é = ar & ¥ ot 3
Size Analyzer (LPSA) anailamiiadiomies LPSA Hawnsada lafisvinauagminizeo
o =4 s ' Qs
frunasiaaardey uaadds Figure s Taowuhamswadiourangniininizaisdivesviig
i & 1¢] 1 { o o
oymnlugae 6.16 - 69.61 lulasmas seglugrnfilndifeafvamivndoldnu o-60
Tulnsiims) (Lil e of., 1982) donfandaoingn (13.20-66.71TuTnsming) uazaaianday
:‘ ; w & ae 4 of
dtiden (15.23-55.07 tulnswas) Gud 7399, 2543) waznuhvnavesdiaamislay
{ o " ar 2 ar
mAsvesamITndInamy Uiy 22.99 TuTanwns Ssgeandesiuaaiisndae plantain
' [ 1 I
(24.126.6 L Insmns) Eggleston ef al., 1992) udwuhiidwiniminaveuiaaaisundae

1Y
vinyn (30.81 T Tnsms) uazamsandanirhiden (30.12 lulaswns) ( adus 73297, 2543)
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Figure 4. SEM micrograph (x1000) of native Nang paya banana starch.
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Figure 5. Particle size distribution of native Nang paya banana starch.
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1.3.2 Tnssadran@n (crystallinity)
¥ =2 ¢ ¥ o A
msasvaougiiunInssaheminvesamssndasuangndieies X-ray
] I'd =
diffractometer  (XRD) wuhaaiyadrourangnillSuraminiovas 36.81 wazilgiuuy
Tnssadandnfififawudafiyy (2 Theta) iy 5.92° 15.12° 17.32° uag 23.22° (Figure 6)
] w o H
duingduovvesIassadrendnuuy B (Zobel, 1988) wudeafusugiim Tassadandng
ar o oy T w o an o
Y&unamisendasinygn sadsndaoivhdey Odud 83, 2543) uozaesandauldn T
e . A o ] 3 g/ =) @ ¢ aa o
(Lii e af ., 1982; Faisant ezl ., 1995) luvas@uafununaaris  ndaeeil (adud A329¢
, 2543) aassndan Varley (Waliszewski ef al., 2003) HazaNS¥naly Musa paradisiace
3
(Millan-Testa ef al., 2005) figtlunuvesInseadrandnuuy ¢ won9 Nt Bello-Perez 1Az
o o o
anz (1999) lAdnugluvu TnssamdnvesamfzndrvnnlszmmundInmeiug
1 ot ﬂé Q'I or
macho 112 criollo WuTTHanyae Inserdardnduuuy A Falaowldudrdnyae Tnsead
¢ A o 1 1
nanuuy A Suamisiidnniyfy edwlsfinim zobel (1988) ldiruaigiluvuves
A . s ]

TaseadHanNINATSANYIAIUING 03 X-ray diffractometer Y0NS ¥NAWBI9NAIULANAL

o Y A = v o
Au'ld dissnnndasiinnunanvaisvesmosiug

Intensity

Y N T T N SN NN NN N N T O [N T SN T S VO A T N I SN S T VOO VN T O T N T 0 B |

0 5 10 15 20 25 30 35 40
Angle (2 Theta)

Figure 6, Crystallinity pattern of native Nang paya banana starch.
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" o
2. msdautlsamiyndenangnde3Itausoniin (Heat-moisture treatment)

2.1 Fnvazmalnssadig
2.1.1 Snuaizz1919UaUA (granular shape and size) Voulaamis

minsvaeLdnsuzgsweaiiagmisndivuanginigndsnisdau)s
Eitamideududinnios Scanning Electron Microscope (SEM) Wu1dnyazgilsiuas
nnaiagendrndannaen lifimsffoundas Tnoflasafsndronaegnmendamsda
uilsfansfinnuauysel uag Wifannudomoninravesamidendu Seoandesiunants
nansansanulsdandinmudeuinuvosamiadimBuas ansaiurss (Kulp and Lorenz,
1981) ﬁﬁlﬁg‘}iﬂuﬁﬂﬂ%ﬂﬁﬁ {Abraham, 1993) ﬁﬂ'\‘%"lii?’) (Hoover and Manuel, 1996a) ﬁﬂ’l’;‘lf
s”i’aﬁ%"a {Adebowale and Lawal, 2002} ¥ 9 ‘lff;") (Adebowale and Lawal, 2003) aasadrnha
(Adebowal et al., 2005) uazﬁm%ﬁi’h:) (Khunae et af , 2007 )

2.1.2 Tasea¥1anan (crystallinity)

msasvaeupluu Inseadrndnvesanssndaunanginiendimsda
wsdaritn et fiszaua e datinioq X-ray difftactometer (XRD) N1I37
stuvylnssrtrardnvesaaisndiouamgiidnvazalfon gl B fhigluuy
(A+B) FeilfineuFaiy (2 Thete) i1 5.92° 15.12° 17.32° 18.30° 1inz 23.43° (Figure 7)
(Zobel, 1988) Fiqonndossuranimaneimidaudsdaniianudoutuvesam i
HazgasriuNnT (Gunaratne and Hoover, 2002) mnmsn}%‘ﬂuuﬂawm;ﬂunnTﬂsqﬁ%’w
whnuuy B iy A+B mondanisdamlsdaniianudeudy efuelidhiiumanenns
sempves TwanmifiegluunadesiuasinmsvesTnssadrandngilian B i ldidams
mdouivesenoTanaindoagiih hlimudl desaldifansalaouuwlasveimsiaidosdves
1n998319430 (Gunaratne and Hoover, 2002) i§lafi915000S1nanan (crystallinity) vosaanss
NRWUNHINWHAINITAALLTHTAIAT Table 4 wuhilsdindvesamivndaouene

'
J .

¥ ] ]
Aounaaulsosaiifodife p < 0.05) udnuhdeszduniuduildlumsdaul sy

o o

é) T = ! 1 ] 1 r
geiu nonfSnasindie hivandsedaiiiod ey (p > 0.05)

o
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lll |

Intensity
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HMT,,
HMT,,
HMT,,
HMT,,

Native

0 5 10 15 20 25 30 35
Angle {2 Theta)

40 45

Figure 7. Crystallinity pattern of native and heat-moisture treated banana starches at 18%

(HMT,y), 21%(IIMT,,), 24%(HMT,,) and 27%(HMT,,) moisture content. Arrow

denoted growing peak at 5.92° 15,12° 17.32° 1830 and 23.43° (2 Theta).

Table 4. Crystallinity of native and heat-moisture treated banana starches at 18% (HMT,y),

21%(BMT,,), 24%(HMT,,) and 27%(IIMT,,} moisture content.

Treatment Crystallinity (%)
Native 36.81°+0.83
HMT, 3351° £ 172
HMT,, 34.02° +0.90
HMT ,, 33.28"+2.33
HMT,, 33.47"+0.87

Note: Each value is mean of triplicate - SD. The difference superscripts in each column denote

the significant differences (p < 0.05).
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Table 5. Swelling power and solubility of native and heat-moisture treated banana starches at

18%(HMT, ), 21%(HMT,,), 24%{HMT,,) and 27%(HMT,,} moisture content,

Swelling power Solubility
Treatment
(g swollen/g dry starch) (%)
Native 25.72° + 045 15.64° +0.88
HMT,, 16.23° +0.10 10.30" + 0.40
HMT,, 14.10° +0.30 7.20°+0.83
HMT ,, 12.84" +0.16 5.68"+0.56
HMT 10.86° + 0.65 3.82°+0.89

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0.05).

20 i 7 20
- 4 swelling power .
15 } B solubility E 15
G § w
5 - — =)
2 glo - 1 10 &
g L 4 =
o o B 7 <
g ¥ - H . =
s S - ] &
Z s 5 ¢ 15
2 L |
;‘9 - -
0 C 1 1 1 1 1 1 1 1 | 1 1 1 1 ] 0
15 18 21 24 27 30

Moisture content (%)

Figure 8. Relationship of swelling power and solubility of heat-moisture treated banana starches

and moisture content of the treatments.
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Figure 9. Thetmogram of native and heat-moisture treated banana starches at 18% (HMT, ), 21%

(HMT,,), 24% (HMT,,) and 27% (HIMT,,} moisture content.

Table 6. Gelatinization parameters of native and heat-moisture treated banana starches at 18 %

(HMT,p), 21 %( HMT,,), 24 %( HMT,,} and 27 %( HMT,,;) moisture content.

Gelatinization temperature (C) Enthalpy (AT)

Treatment
To Tp Te Te-To (J/g)

Native 7270035 77.83°%£0.17 8277°£0.22 10.09°+0.14 19.27°+048
HMT,, 71.56°+021  78.56°40.10 84.14°£0.89 125874102 16.13"%1.22
HMT,, 76.69°+082 8244°+1.11 87.88°%£025 1120°:101 14.10*%2.13
HMT,, 7896°+£0.08 84.94°£025 89.61°%0.19 10.65° %012 1583035
HMT,, 81.86°+0,77 87.28°+0.35 89.76°+0.77 7.90°%1.05  13.16°+1.05

Note: Each value is mean of triplicate + SD, The difference superscripts in each column denote

the significant differences (p < 0.05).
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Figure 10. Relationship of onset gelatinization temperature (To) of heat-moisture treated banana

starches and moisture content of the treatments.
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Figure 11. Relationship of gelatinization temperature range (Tc-To) of heat-moisture treated

banana starches and moisture content of the treatments.
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Figure 12, Pasting profile at (a) pH 7.0 and (b) pH 3.5 of native and heat-moisture freated banana
starches at 18% (HIMT,,), 21 %( HMT,,), 24 %( HMT,,) and 27 %( HMT,,) moisture

content,
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Figure 13. Relationship of pasting temperature at pH 3.5 (™) and pH 7.0 () of heat-moisture

treated banana starches and moisture content of the treatments.
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Figure 14. Relationship of apparent viscosity and shear rate of (a) native and (b) heat-moisture

treated banana starches at 18%(0), 21%{A), 24%(0) and 27%(<) moisture content.
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Table 8. Consistency coefficient (k) and Flow behavior index (n) of native and heat-moisture

treated banana starches.

Treatment k (Pas’) n
Native 2,690° 1 0.141 0.53° +0.01
HMT,, 0.010™+ 0.001 0.94"+0.01
HMT,, 0.003 "+ 0.000 0.91"+0.01
HMT,, 0.002"+ 0,000 0.96° +0.02
HMT, 0.001 "+ 0.001 0.98"+0.02

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0.05).
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Figure 15. Effect of frequency on {a} G' and (b) G" of 8% starch paste for native (+) and heat-

moisture treated banana starches at 18 %(00), 21 %(A), 24 %(0) and 27%(<)

moisture content. All samples were measured at 25°C and at 0,1-100 Hz,
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Figure 16. Relationship of G’ value of heat-moisture treated banana starches and moisture content

of the treatments.

Table 9. Viscoclastic parameters of native and heat-moisture treated banana starches at

concentration of 8% (w/w) and at 1 Hz.

Treatment G' (Pa) G" (Pa) tan O
Native 294.44° + 24.47 50.24° + 1.15 0.172° + 0.017
HMT,, 2152.48" +63.30 88.20" +2.48 0.041° + 0.001
HMT,, 2529.35° + 42,98 112.50° 4 0.75 0.044° +0,001
HMT,, 3009.00" + 119.96 182.65" +6.27 0.061°+0.001
HMT,, 3386.70" + 178.68 241,70° + 10,02 0.072" + 0,002

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0.05).
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2.2.3.4 MTANTIWHMIAY (creep study)
= A . oo A
ANYINTAL (creep compliance) HATAITAUAINNAITAU (creep recovery)
¢ ¥ & w @ Y ey - A oA =
vovaTmi¥ndlnusngnnauasndInsdaulsdieitanuieududonieds lolad
PN ANIAINENTUT U041 compliance Tunmlugtuinudneimindamand lagld
WIUS1804 Burger model HuMmstfasuntaimsfussasaamivadsouanginounisaa
o , o i =
wlsernsouua 1@l 3 999 (Sherman, 1970) HEASAS Figure 17 AB%¥99 ideal clastic a9
[ . ' < A o : 4o &

11 instantaneous  elastic modulus (Go)mm)ﬂmmi‘n‘wu‘ﬁzma‘lummmaﬁmiwm‘mﬂ

o L= | 1 ¥ A = Ao 1 ¢
A8d19uangY DO ARDUDDNTANTAUNANITAUAT (recovery) 1Aedraauysal 429

4 . , o :
viscoclastic HUTAIAT retarded elastic modulus {(G,), retarded viscosity (1]} 1102 retard time

T y A ar b U g L}
(1)) SasilifiudrefiiuszvesTagiimsunnoonuaziugll (eform) Tasvuszianua’lild
= Av = a 1 . . 1 . . . g ' 4:':
Lmneﬂﬂuazﬂugﬂmmmmm HASY N viscosity UTAIAT terminal viscosity (T]n) 1‘1.]14‘11’3@‘”

ar ar = L] = ¥y Aa o Vo ~ = =]
WuszveaTagiiamaunneenuas ldannsadugil1d i ¥ aqufiants Ivaunniia Taitiou

. 9 o < o o ey 4 o
(newtonian) A5 vaa1frndrouranginmondanisdaulsdiedianufeuiu Rzduy

1
~

df 1 1 | A 1 . . T g & -2
ANMFUAI9) HUTINTIAsuNaInTAULTRAURKIZ N ideal elastic IMUUFWEAIDINITT
* & ~ A ow () 1 1= ar
fusemoluTassrdwvesnaamiviinstadledsdangulag hilinsunndioon
= 4 N ¢ P | 3 ¥
vl knidinesmsuldsunilaimsfvvesaamivnaisuns
wmm’hu"‘i% Inokushi (Shama and Sherman, 1966; Sherman, 1966) U@ A9A9 Table 10 WUIUD
4 1 o ] Y T oa T
aafendrvunangneumssauts n1 G, 1 875.95 Pa f1 G, 1AL 785.73 Pa il T,
B 7.62 M1, U 6.01x10° Pasuazal 1), WAL 5.40x10° Pas iovhimiseianls
-5 ¥ T ﬁ, ;é’ L] o ;] L é
aaiyndaouangndwiianudouFunud G, fauiuivedeinivdidy (b < 0.05) 9
3 of 1 3 E o ar = 1] -é’ A
wansiiuInenvesgn1s ¥nd 10U Ny IIonaInsaanlsia AT BNRIY - &9
1 F4 ¥
aeandoaiunantsnaasalude 2.2.3.2 ienfvudivusavasszdunnudui i lumsdauls

9 o

v A v { o o - A E "
nuinilosgauanudunlFlumsdaudsinuiindu dwald G, fandvivedeiiivdiy

trd

] 3
(p <0.05) Tagfsefunnuduiosas 27 fia G, gaga 1Ml 6837.20Pa
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Figure 17, Creep compliance and creep tecovery of 10% starch gels for (a) native (+) and (b)
heat-moisture treated banana starches at 18%(0), 21%(A), 24%(0) and 27%(<)

moisture content. All samples were measured at 25 "C and at 10 Pa.
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Table 10. Creep parameters of native and heat-moisture treated banana starches at concentration

of 10% (w/w).
Ideal elastic Viscoelastic Viscosity
Treatment G, (Pa) G, (Pa) T, (sec) N, (Pa.s) M, (Pas)
x 10’ x 10°
Native 875.95" + 14.74 785.73+5.03 7.62+0.00 6.01 000 540+284

HMT,,  4301.43°+547.27 - . . .
HMT,  5736.98" +780.12 - - ] -
HMT,,  6377.16" +219.33 - . : ]
HMT,,  6837.20° +327.80 - - - .

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0.05)

2.2.4 MEA3Insnsnsy
a ar d 4 .
Anynafas Insinsmduvesnaamsyndroureang 142010509 Fourier
& o o § a1 =
Transform Infrared Spectoscopy (FT-IR) Gailumstanislfeumlasdadauvenlsmnuemy
~ 1T Qs -~ P I &4 =y civ )
infdongaesdagiy TasRaaiumsilaounilasfinmisganauumasurusaiianista
(stretching) ¥8aMy C-C M) C-0 UazN1590 (bending) voany COH lugndwuaiu
(wave number) 1300-800 cm’ (Cael et al, 1975) lasfinnisganfiuuaedl 1047 em”
@ @  do o el =) = = 1 21 = . oA
anuduRusivUSaasnasiguiedsunanan uazfianisganauuasil 1022 cm”
@ o o | ar o ar 3 [ 1 ~ 3
amuduiustudnedugiuvesan1is  duiudandiuvessinisganauudsii 1047 de
1022 em” Fuansiedadiuves Tuanafitaseiauinigagaediuedagiu (RSA) (van
Soet et al., 1995)
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WIINHYT WUA RSA veswanasseneunasidimsdaulsdedtanwuientiufissdy
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,3 o . ] 1
anududouns 27 uanede Figure 19 ansautsenn’ldiflu 3 ¥2e Tavdrausafiuu Ty
A 3 1 of d  a & £ o &
mugeduediesasimelusseziamafuinm 8 1 luusn Fullunaiesnvindiy
1= & o Py d o Y 4 qr @ ot ¥ ]
Tuonaoziilas FuilunedwefiBuduannsambeufiduniaFsedadulmildiola
mitonh lRadh Tnssadwamifavousaamse (Goodfellow and Wilson, 1990; van Soet,
2 oy L 4 4~ v g w
1994; Hoover, 2001) mimiuidlugiefisn RSA Windiued1adng Funvinnisiaioedrvesay
=y a 4 o PPy o A 1 c:? | ¥
Tuwnrozii TamadudailumefweiAdauinnunn manfbouudaslugeiesdils
=y o o } ‘3’
AamssaGosfudulassatandnfiauyseidu  (Goodfellow and Wilson, 1990; van Soet,
1994; Hoover, 2001) dmfudasd 3 Wudrefiliwumsnlasunilasniedigauga die
d o 1 & 4 g T 9 &% A o A o '
szozaMsAuTnYIANIT 50 FaTue Fadluaen Inssadnaninisinisuanloens
J Q o = o o
auysel  (Hoover, 2001) 9INNSNABLIAINIINNIULBATINIAAT Insinsaduvesaniy
ndaonanan 1A Taoldaums Avrami (Aveami, 1941) Taonuhmsnsinsiag Insnsady
5/
yasemisndaoianaianeunazndsmsdausiin lndifosty Taelinuidn 126 x 10°
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Figure 18. FTIR spectra at various storage times for (a) native and (b) heat-moisture treated at

27% moisture content of banana starch gel.
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Figure19, The change for the ratio of short-range molecular order to amorphous region (RSA) of
native (+) and heat-moisture treated at 27% moisture content () of banana starch gels.

The lines represent the Avrami equation fitting,
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2.3 535vn1igﬂdaﬂﬁqzlxau‘lcuﬂ (degree of enzyme hydrolysis)

vinmsfinmnszdunisgnissdaoey ledvesaarfandrourangn Taold
tou'lwal porcine pancreatic alpha-amylase Wuigiivumsgndesdvewladussaniy
ﬂﬁ’aﬂuwaw'cwv']y'qfiauzr,axﬂﬁ'amiﬁﬂLsﬂﬁﬁaﬁﬁmm%wﬁu UAASAY Figure 20 Taund)
amwenmnsalunsgndesdavien lainiseanidiu 2 FUnOM (two-stage pattern) TAETILIN
amisndaonanangniesdasien ladesiesandaneluna 24 Faluausn Mnumste
Fadnetredig nudrgauna vnmsAnndnvasdinguesiindarfandaeunangniign
doudavov s iing uansds Figure 22 Fewudmdaningndesdanonladl s4 $2Tua
Amilsvousinamfufaflugngu Tdnvasuguse AamsdnndeuRusafionunnnd
syuznEINToeY 10 F2T1 uﬂmnmfm‘indmm1§‘ﬁﬂﬁ’wmwny1ﬁphumsﬁ'ﬂuﬂsﬁﬂ'ﬁxﬁu
migadeedatiow lalgeniuesamindaonangnounsdanls uasnuduieszdu
sl flumssaulniid ﬁwssﬁumigﬂdaﬂﬁmau"l.cﬁﬁﬁuu'ﬂﬁmﬁuqai‘fuuuUﬁ?a
@ (R = 0.97, p < 0.05) 4aradda Figure 21 Taowuhidnvasynngueadasaisndasu
1‘!&31‘?%Qﬂﬁﬂuﬂsﬁssﬁumm%uqa @7%) Bathugngy wazifamsdnnseudifaniiunnnds
‘Uf)\‘lfﬁmg‘ﬁﬁgﬂﬁﬂuﬂiﬁizﬁﬂﬂ'ﬂwﬁuﬁ% (18%) uazreumsaamls amddy (Figure 22) 34
doandesfunansmaassmsdanlidasanuieuduuesaariyinaduas i
(Kulp and Lorenz, 1981) #a3ada aansaiuslis unzaraniaiuuny (Hoover et al., 1993;
Hoover and Vasanthan, 1994) ﬁqﬁﬁwssﬁumsgﬂdavﬁaﬂmu'lmﬁﬁqa%mmﬁm%"‘mﬁ”auma
wayrrunsdaus aunsnefineldhowilurannemsndouasglu Tassafandn
veaamssndaonnngngtuuy B dhugluun A+B mondimsdaunlsdasiinnuden
F1 (FerTaT0 2.12) F4 Jane  uazaniz(1997)185109m Inssadreninguuy A (Atype
arystaliine) I lademsgndesdvenladlduinndnlassadewndingrluun B (B-type
erystalline) tifpennTassadrendngaluuy A floziiTamnAuaiy A (A-chain) FadhiTaga
A6 (DP 6-12) wnnhlassadedngduun B HewoeiTamadums A Fannsafasuns
ﬁ?mﬁmﬂumaimaqnm?m?jﬁwéuq (short double helices) Feernsaifasotuesiila
mAfuaY B ﬁa‘lﬁxﬁﬂﬁ‘luﬁm%l‘amiweaTﬂsaﬁ%ﬁmmuﬁa (branch point) TuSraadudiii
HaD (crystalline region) 1nnnd Tassadendngi iy B Fhunaldlnssafrevosaniainn
u%qusqaﬂaﬁammiagndaaﬁmau%uﬂlﬁmni‘fu wonINITY Wang 4aznme(1996)14
swenh madanlsdaiianuioududwanilifag (pores) vieseuonyS i anus

o I o = 1 ar ° ]
YpulnEa1sy LazHUTuRan sResdvedlThuduedaug i IRidiaansvgndesde
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o\ T ,5 ] =
o lssl 184108y Hoover and Manuel (1996) 185109 nududuvesion lasfesiinane
o ¢ A as ¥ aa [ A A ' ] a r A4
Tudlagarssisunisdaulsdredtanudouduiimgnwesamisnounisdaudls vieil
4 o o 11 o o ¢ a 4
dissnnen lsfosinaannnunsrfmbveuliaemisiigniaulsduanuiouinld
t o {7 G L] ]
W Sedsalfamisfrunsdaulsemnsogndesdasieu lafidnadt edrlsan
T 1 o o @ I
anuuanssvesnuannsalumsgndssdasiou ladvesamsvoraiisamaniledosinee
¢ a ¢ L LA e o ¢ o !
AU YUIAUDINATNTY (granular size) WHNFIVOAUUATATY (surface area) DATIAIUVDIDY
Flaauazesilomady Yinavesasilszroufdoussn oz laaiu iy dlSuawdn
WAz NIV IR MM s FouRBvesTUSY alpha (1-6) senausHahifivedugiu
= { o oy =
Lmz‘ummﬁxﬂuﬂﬁﬂ‘umazuim‘wﬂmu (Holm et al., 1983; Hoover and Sosulski, 1991; Jane ef

al., 1997; Planchot et al., 1997)
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Figure 20. Enzyme hydrolysis of native (+) and heat-moisture treated banana starches (HMT) at

18 %{(m), 21%(4A), 24%(®) and 27%( ) moisture content.
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Figure 21. Relationship of enzyme hydrolysis at 24 hours to various moisture content of the heat-

moisture treated banana starches (HMT),
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Figure 22. SEM micrograph (x5000) of (a) native (b} heat-moisture treated banana starches at
18% moistute content and {¢) heat-moisture treated banana starches 27% moisture

content after attack by porcine pancreatic alpha-amylase.
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2.4 3TAUMIGNLOUAILNTA (degree of actd hydrolysis)
nmsfnszunisgatendasnsalalasnasin 22 Tun vesamiunday
WIINGN wu'n;ﬂuammsgﬂﬂaamﬂnsmmﬁmwnmaum‘cmmneuuavmqmmﬂuﬂs
&asnuousuduiny 2 Sunou (wo-stage pattern) L‘h“umﬂ‘)ﬂﬂgﬂtiﬂﬁﬂ'ligﬂﬂﬂﬂﬂ’m
oy land amads Figure 23 T,ﬂm‘m'm::ﬁUm‘sg}ﬂaaﬂmaﬂmummquuaumamnmzﬂu
ot 3 1 -y Ig T 1 A (=] 1 o
nan 12 Suusn sniunistenifiavuecnsd g sudhdauga Famnsoefueldiszdums
oA d A 4 ) o 4 q a v
gndesfiivgeiueiinsadludrusndiunaiifosnamshinuusinsaluuinaiasass
1 [ . - ' o a o LY =1 o & 2 3
danuedag (amorphous region) deaglndduSarmiwouiingm sy nTUnTATNAN
' = ' ! . ) & o x 4 1
Ydeuluvindafidundn (erystalline region) Fuiludanfifinnuudeuse lnomsdey
©y lg ) 1 E’:
iRadued1ede sudhgauga (Kainuma and French,1971; Caima ef af., 1990) BN
o o or et ] ] o
sunamssnonangmendamsdaisilssfumsgndesdroniagandivessmisnday
1 ol é'i ar 2{, ci g/, ar = q' -:'f ] 7]
wnmgntsunsdawls wepdiessdunuiui 1 lumsdaulsiiauniviu nunssaumagn
L] Q' g = r ar
doviiuua Tdufingedunngadu ® = 0.97, p < 0.05) uansf Figure 24 doAndoafuna
[ = § ¢ &
msmammmmﬁ3é’fam'ﬁ'mm?au%‘mmﬁms‘ﬁm (legume starches) (Hoover and Manuel,
o |
1996) g3 iion (Gunaraine and Hoover, 2002) Hoover (2000) 183109717192 100a0A 19904
»
anuannsalumsgnissdaeninvesamirerniinauniniefusren dail suravesia
P4 ) . ~aoo @ o Py g
A (granular size) USinamafadsuasns ey luanavesamiy YTuia nsaaine
P 1 = T A g ar d
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Figure 23. Acid hydrolysis of native (+) and heat-moisture treated banana starches (HMT) at 18%

(m), 21%( A ), 24%(*®) and 27%(®) moisture content,
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Figure 24. Relationship of acid hydrolysis at 12 days to various moisture content of the heat-

moisture treated banana starch,
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d A T
2.5 PSinaamssinusomstoudeenlas! (resistant starch content)
=y ¢ o ¥ 1 3 o« 1 s gl
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v lafilsziand 2 (RS type 2) Aoamisnimudemisdeodnen laifhatiues laosisuma
, . A 4 Y a o ¢ 1oty A
(native resistant starch granules) mmmnﬁmwnmaummﬂmmmmﬁms‘ﬂﬂﬂg UFUHIUDN
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Fnvnanazdlosfunisgndosdroeulel’ldf (Zhang e al, 2005) dlovhmsdamlsaaisy
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Table 11, Resistant starch content of native and heat-moisture treated banana starches.

Treatment Resistant starch content (%, db)
Native 60.16"+ 0.28
HMT,q 57.87° +0.43
HMT 54.07° +0.50
HMT ,, 42.25% +0.84
HMT,, 34,00° +0.84

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0.05).
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Figure 25. Relationship of resistant starch content to moisture content of the heat-moisture treated

banana starches.
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3. mssalsamsyndiemnangieitmsiiailnsnaady (Retrogradation)
31 5zﬁuﬂ1sgndaﬂﬁaﬂmu‘1mﬁ pullulanase (degree of pullulanase hydrolysis)
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Figure 26. Crystallinity pattern of retrograded banana starches (RBS) at various storage times.

Arrow denoted growing peaks at 15,17° 16.93°23.33° (2 Theta).
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Table 12. Crystallinity and relative crystallinity of native and retrograded banana starches (RBS)

at various storage times.

Treatment Crystallinity (%) Relative crystallinity (%)

Native 36.81°+ 0.83 100

RBS 1 day 20,05 +0.06 54.47
RBS 3 days 23,18° +0.16 62.97
RBS 5 days 23.61° +0.02 64.14
RBS 9 days 27.35° +0.28 74.30
RBS 13 days 27.58"° +0.04 74.93
RBS 15 days 28.26" + 0.04 76.77

Note: Bach value is mean of triplicate + SD, The difference superseripts in each column denote

the significant differences (p < 0.05).
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Figure 27. The change of the crystallinity of retrograded banana starches (RBS) at various storage

times.
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Figure 28, Deconvoluted ATR-FTIR spectra of retrograded banana starches (RBS) at various

storage times. Arrow indicated growing peaks at 1047 em’”.

Table 13. Ratio of short-range molecular order to amorphous (RSA) and relative RSA (%) of

native and retrograded banana starches (RBS) at various storage times.

Treatment RSA Relative RSA (%)

Native 0.81° + 0.00 100

RBS 1 day 0.58° +0.03 72.05
RBS 3 days 0.65" +0.03 80.82
RBS 5 days 0.66° +0.01 82.09
RBS 9 days 0.68% +0.00 84.50
RBS 13 days 0.70" +0.00 87.43
RBS 15 days 0.73°+ 0.00 9116

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0.05).
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Figure 29. The change of absorbance ratio at wave number 1047 em’ to 1022 em” of refrograded

banana starches (RBS}) at various storage times.
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Figure 30. Thermogram of retrograded banana starches (RBS) at various storage times.
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Figure 31. The change of the enthalpy of retrograded banana starches (RBS) at various storage

times.
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Figure 32. Comparison of relative retrogradation of retrograded banana starches (RBS) as

measured by three techniques (XRD, FTIR and DSC).
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33.2 Qmamﬁmﬁiainﬁ (rheology properties)
AT, o d 3 N »
3.3.2.1 AMEHUAMINANANUDIANIY (pasting properties)
¥ 1 8
Anwnsulaeuntasnnmumidalugamefdiunas oy 7.0) vesamsy
af n’: v ar o 3/ ey aoA g A . .
ndaouangnisteutasndaimsdauilsdaitnsiies Insinsindudinies Rapid Visco
Analyzer (RVA) wudiiigiununanuvilauandds Figure 33 Fnfuannniinednanny
or é : 4
wilouaasds Table 15 FannheungiSunlfoundasnnunila mnnunilagega
] T A A o o g A r o a0 g
1 breakdown UAZAIANNNIAVINASAUFwBIEMTFRAWU N IR UmsAaulsTiaId
AMvesamisndiouangineumIdaudsedniifodiiy @ < 005 ) Wehimsaauils
o 3t aa =] v e - Y té’ i 9
a3y ndaouamandredimades Instnsmdu Aszoznamanuinumuan deralinn
ad d 4 X ! . :
gamgisunRounlasnrumiaiivud Tiufingavn yugiamnumilagega A1 breakdown

or

' A A w oA 9} LI T A 2]
HAEAMaNUNUATINATITAUN fuwa Ivanaseaaliiodngy (p < 0.05) BTLVLIRINTINY

X o & P [ o gt e o
uInNIT 9 I mﬁllﬁﬂQﬂQIﬂi\iﬂ'iN‘UﬂQﬁﬂ'lﬁslfﬂﬁ'JUu'NWﬂJTﬂnﬂT]ﬂlﬁl

- A )
Wty eihdieann
o o 4 ;5’ | o ar 1
sozamaausniundy demaldnissassedailulaseadandnluy (recrystalline)

a :3’ = a8 e aea o o) T

fialdunau Tavaslwagaesiilagaunsafiaduansfsoiuinanniong uasiinig
W A o <3| 1 ] aan 3 43 3 =y I

sausatuiovanuilnlasesundweidid idunniu wenvimivaeTuanass i Tamadu

(-]

findoey Amwsadansiaduaiilndifundsiguesmofaosilanndu uduiams
sfatuetradhe dewanuthy Tnssadrasiinde 11 (Miles er af., 1985; Orford et al., 1987;
Clatk ef al., 1989; Gidley, 1989; Goodfellow and Wilson, 1990) Mfmgnasianatadanal
Inssadravesamisndannswgninnsdaudsdedinmafai Insinsadu Taafiuinm

= P o 4
NIZLTOATHIU UANUUYHITIVU




88

5000 100
4000 B Native n 20
& 3000 1 607
N 1 =
by 1 §
173 T I3
g 2000 [ RBS 1 day 1 40%
> - -1 —
L RBS 5 days .
1000 |- 1%
- RBS 15 days E
0 é N TN S T N SN S N N O A N T T 0 A N T T R 00 U0 0 O DO O I A | l— 0
0 2 4 6 8 10 12 14 16 18

Time (min)

Figure 33. Pasting profile at pH 7.0 of native and retrograded banana starches (RBS) at 1, 5 and

15 days of storage times.

Table 15. Viscosity parameters from Rapid Visco Analyzer (RVA) of native and retrograded

banana starches (RBS) at 6% (w/w).

Pasting Peak viscosity Breakdown Setback
Treatment
temperature("C) (mmPa.s) {mPa.s) (mPa.s)
Native 79.02° £ 0.58 4370675119 1253.67° 115,30  1033.33%117.00

RBS 1 day 59756197  144433°:91.68  473.33°:4341  340,00%:37.24
RBS3 days  66.80°£0.05 1326331724  372.00%1.73 394,33°:7.23
RBS 5 days  67.40°:0.52  1327.33°£28.68  417.33°% 17.04 466.67"+ 9.07
RBSOdays  67.70°:0.05  1464.67°+46.18 450007 +2.65  471.00"% 14.00
RBS 13 days  68.85 044 1304.33°:28.36  274.33°+6.35 451.33%+ 18.01
RBS 15days  69.30°+3.36  675.00%1,00  291.33%:1,53 178.00 "+ 14.85

Note: Each value is mean of triplicate + SD. The difference superscripis in each column denote

the significant differences (p < 0.05).
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3322 WyAnssumslua (Mow behavior)

AnymgAnsrums lnavesamivndsuananmondamsdaualsdroitas
dadTnansiad Tnowdowamismaviafanudududosas 4 Qaniminuie) fmsiad
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warnnmsAnmdsiinginssuns lna () sumﬁm%’%ﬁ’muN“v'ituu"lﬁqdauuawﬁ'qmsﬁﬂ
pdswudiisadesndn 1 Feaadldiftudifingfnssunis 1Moy shear-thinning
(pseudoplastic) (Doublier, 1981; Noel et al., 1993) dofinsanmduszanimannuniia ()
suhandsadinnmgimendimssaulsiignszsznmmsituinniadhiniwosamiy
adrvursnantoumsaalsedieliviodifiy (p < 0.05) LAAIAY Table 16 enmmuriuile
szaynamsiunudiven 1 Tl 15 51 f1k vesrmifrndlsmnengimondimsda
s Whioananin 1,72 Pas”) 1 0.07 (Pas’) vt n funa Tudinduan 03s
0.64 Maiflosnnideszoznmmsdiuinymnuiu danalfmssasesiaiiulaseatendn
T3} (reorystaltine) (Ra g0 3 %’aﬁﬂﬁﬁmm%wmﬁm1ff‘ﬁnﬁ’wum'ltywﬁmmu%msafﬁu
HALININTANUADNITINOY (shear) AP Y o8 (Miles et al., 1985; Orford et al., 1987; Clark
et al., 1989; Gidiey, 1989; Goodfellow and Wilson, 1990}
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Figure 34. Relationship of apparent viscosity and shear rate of retrograded banana starches (RBS)

at 1(01), 3(A), 5(<X), 9(x), 13(0) and 15(*) days of storage times.

Table 16. Consistency coefficient (k) and Flow behavior index (n) of native and retrograded

banana starches (RBS) at various storage times,

Treatment k (Pas") n
Native 2.69"+0.14 0.53%+0.01
RBS 1 day 1.72°+0.19 0.35% 0.10
RBS 3 days 0.38°+ 0.03 0.51% 0.01
RBS 5 days 0.25“+ 0.03 050"+ 0.04
RBS 9 days 0.14+0.03 054"+ 0.12
RBS 13 days 0.13%4 0.05 0.56""+ 0.09
RBS 15 days 0.07 "+ 0.01 0.64"+ 0.05

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0.05)
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3.3.23 Qmﬁﬂ‘ﬁﬁ%ﬁjﬂ%mﬂaﬂ (viscoelastic properties)
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Figure 35. Effect of frequency on (a) G' and G" (b) of 8% starch paste for native (+) and
retrograded banana starches (RBS) at 1({00), 3(A), 5(<), 9(x), 13(0) and 15(%) days

of storage time. All samples were measured at 25°C and at 0.1-100 He.
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Figure 36. G' value (at 1 Hz) of 8% starch pasie for reirograded banana starches (RBS) at various

storage times.

Table 17. Viscoelastic parameters of native and retrograded banana starches (RBS) at

concentration of 8% (w/w) and at 1 Hz,

Treatment G' (Pa) G" (Pa) tan O
Native 294.44"+ 24.47 50.24"+1.15 0.172*40.017
RBS! day 387.40"+ 6.88 53.08°42.87 0.13740.005
RBS3 days 411.66“+ 41.09 55.56°+2.24 0.139°+0.000
RBSS5 days 440.74"+ 36,10 57.88+2.61 0.141°+0.001
RBS9 days 455.39°+ 25,94 54.14°+1.62 0,12740.005
RBS13 days 467927+ 21,78 69.24"+0.24 0.1367°+0.001
RBS15 days 491,32%+ 66.44 82.22"+8.82 0.126°40.001

Note: Each value is mean of triplicate 1- SD. The difference superseripts in each column denote

the significant differences (p < 0.05).
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3.3.2.4 MTINTSHAUAY (creep study)
ANHINTAY (creep compliance) LATATTAUAINNAIIAY (creep recovery) ¥4
wavngaisndloungfeuuazndimsaaulsd03nsfes nsinswdu druinTes
e o o 1 @ o o
F1eTad niamsAnuIANuduRutvaent compliance nuna1 lugunuaesnendindans
a i 7 o
Tooldun1ss1a09 Burger model vuhmanlfeuntlasmsfnuveuvaningaiisndeuiang i
o T [~ 1 @ ' .
dumsaauals ansaualdili 3 ¥ (Sherman, 1970) uaasR e Figure 37b Ho 59 ideal
1 ar IJ
elastic 124 viscoelastic HATFI viscosity WUHmtuMTAsuLlasmsAuvemannamss
) 1 ar . vy g ' = A
adonananeumsdauls (Figure 37a) usod1a lsfimununmslfsundaimsnuues
o 3 R ar Y e a a = '
921N ¥ndeueHgRHIUNIARLYsA035 0151005 INTINSIATURANIVIANAIEIN
o Y o 3/ sg = o & v . . g
magaudsdaedianudoudu AnumanlfounlaimsAuameyie ideal clastic (Aafvo
& { o o Y 1 1 <=
2.3.3) Fananstamshiiusenislulnssedraveuvagmizsiinstadaediedangu Tagiifa
MIUANAIBDN
= 1 = o i =,
1AMIms e ime sl asunlaansAuaau7F inokuchi (Sharma
1 o a1 ar
and Sherman, 1966; Sherman, 1966) WuTusannaassndeuangnsumsdails i G,
1 o ar 1 Ao a @
G, T, T, waz M, gnNveusavInaMsyndengIneumIdaulsedniivdiny

=

}
(p < 0.05) LAY Table 18 UNTINHUNUTIMIFALLsTEATENdIomangd8TEmaiia

o

~ Q ! L7 g 1 1 !; 3 L - a
3 Tnsnsmduiazozinamaduiay Uiy m G, uaz G, Iauiuiuedniifodiiy
| A ::'? o
(p <0.05) Taowud G,uas G, IAUNNINDIN 1050.80 Pa il 1636.41 Pa uaz9n 1276.21 Pa
q e 4 & o A J ar ar ]
§lh 2234.24 Pa e dleszoznamadusorufiviuen 1 Jushy 15 Sy naaslisiuh
a A @ A d? ¥ gt '3 kY =1 [~

szozie lumfes Insnaeduivuiudimalinaaaisnauuang InNULUTININ
3 & s orey o I'd @ w

Ay waﬁaﬂﬂﬁ’mmmaﬂ1sﬁnymmﬁwmﬂmﬂﬂn‘mmmﬁm{‘y (Fa¥ia4® 3.3.2.1) uag

quanidalndmadin (oo 3.3.2.3)
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Figure 37, Creep compliance and creep recovery for (a) native and (b) retrograded banana
starches (RBS) of 10 % starch paste at 1(0), 3(A), 5(<), 9(x), 13(0) and 15(%)

days of storage time. All samples were measured at 25°C and at 10 Pa.
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3.4 ssﬁumsgndauﬁ'wmu‘lmﬁ (degree of enzyme hydrolysis)
@ 1 ¥ o 4 i 8/
vnmsfnyszdunsgndesdaseu ladvesamsyndaounang laoly
& . . 1 ' o 4 Yy
io1 137 porcine pancreatic alpha-amylase WuigLununsgndosdae laduyssanisndu
Ed
wangnTanoutagnaamsdaulsdaeiimsifes Insinsndu waais Figure 38 Taonun
' 3 ) LA ) & oA
anwannsalumsgndesdavon Ixduisoonitli 2 Yunou (two-stage patterm) launund
o  w 1 [y 1 v o a -4 [ o
szuznatmafiuinunieonii 15 i mszdumsgndesdumy lafugeliuediesiaia
3 o s T
aoluna 24 $2Tususn niminmsdeofiaduetiadhg vwdhgauga udedialsfawd
o @ @ ¢ A .3 [ o
sroghmmaduiny 15 Yu sedunmsgndesdamen lanimugeiuadiesaEameluna 10
J ¥
#2Tuausn vonnmiunudimisaudsaarfrndlrourangdie3inisiiag Insinsiadu
A g w P :3 L] 3/ s T Y o = 3/
fszoziramufuinufiviuiu desaliszaumsgndesdasoulaianauymFudy
a . Vel g o 1 )
(R* = 094, p < 0.05) HAANS Figure 39 UaznuNNszozamafuinyumua 9
¢ 3 A @ & w ' 3 7o ' ¢ Y
aanssndanneananirmunssaulsiasziunisgndssfaue leddnvesanissndau
wingneumadaulsetheilfuddin (p < 0.05) Gonzalez-Soto 4oz AME (2006) TAT 189U
W = - W g a { -~ 1 ar
nsdaulsanifandasdwisnnne’ nansedu Taousnufigungd 4 °C denldsedy
' o ' o o]
msgnaesdaoioulwiannsinesaz 75 (@misendaeneumsdauls) iudesaz 35
e’j t a o 4 {
UONINWHU Cui and Oates (1997) WUNITAUAITGNIBEAoU llvesemivagirums
@ = = o g w £ = g T o
FaurlsdrwTtmaies Insinaedu Teuduiaufigomgd 5 °c fisanasniniovas 45.4 iy
A 4 o 4 4 & d v
fovaz 415 Weszsznaimanuinyudindy 1n 1 ¥ luadu 1 T vineaniInanes
o Qr I'd b 2 ad a g Y|
ansaefuneldmsdaudsamsvndaouanyidiedininias Insinsatuiiszesininis
g w P> o Y - 1 Y =2 IRV d o g
wusrufunaudana ldmatas o lniveslnssadundnaainna lduniu vadlusn

. &
Tamsagndesdaueulanlideniu (Ring et al., 1987; Mile er al., 1984)
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3.4 srdumsgndendaaeulan (degree of enzyme hydrolysis)
Y ' E o L4 3 3
namsAnEszERuNIgnisudloion leissaaissndounanagn Inols
4 . . ' o
1wl porcine pancreatic alpha-amylase Wuhguuumsgndesdoen ladvesamivnday
¥
wianganauazniimdaulsdreiinisine’ Insinsady uaasds Figure 38 Taowud
T ¥ ¥ L o 3 oA
anuanialumsgadosdoe leduiseeniiu 2 Auneu (two-stage pattern) lagNUIIH
o o 1 o 1 A 43 1 of
szoznmmsnuinutesndt 15 u Aszdumsgndosdseu lanifingeiuedeiasa
ﬂ') q’: L} A g 1 1 1} 1 i
aolunar 24 $aluasn vintfumsdesfatuediedig vwidhgauga udedialshawd
g a @ 9 ¥ A .3 [ ]
ssezmMauiny 15 Su sefumigndesdsen laliugauediernsamelunm 10
) 3 4 W o = = a
$2Tuausn vonvnunumsdamlsanifsndronrangrd1e3iniafag Inansiady
o 4w | 4 Yy @ o ¢ - 9
fsgoziramafuinufiuiuiu dewaliszdunisgnissdrnou ledonawvinFadu
° . VA = 1 @
(R* = 094, p < 0.05) U@AIA Figure 39 HaznuNNISuzmMIALTAEINIUNNT G TU
o 3 A ar = o v kY i 7o 1 & gt
gasrndomangnfishumsdauilsiinsgdvmsgndesdneu laddinhvesagmisna
wiangnneumsaaulseiiiiudify (p <0.05) Gonzalez-Soto tag Ame (2006) TAT109MT
o I3 Iy 3 e a A at o a a s g 1 3 a’
msgaulsaassndsdanitnmunas innnnadu Taonusnuguygil 4 °C deraldszay
o o 1 ar =]
magndosdaoienlmfannsaniesas 75 (@mssndadounsdauls) iWuiovas 35
3 o 1 & ir
UBNIINUY Cui and Oates (1997) ‘tw'i'lsmumigﬂuaﬂﬁ”mmu"lmﬁmmﬁmwmg'ﬁwmms
a = a A @ o ar § o T
Faurlsdauiimaias Insinsmdu Taodusnuiigamgd s °c fidianasinferas 45.4
o A g w s & & o ”
fovaz 415  Weszvznamanusnyuiudy 910 1 $ il 1 W noransnaned
A vy LY 3 3 2 exn a A o A
asoesingldnsdaulsaafrndrouavigdiedsnisnes Insinsmduitszoznainis
o4 o o A [ o A o T 3 2 s - Yy ,3 & d
wushunwuiudnalimitasesdi lmives Inssahandnaarinia launniiu 3uiluwa

| E
THamsrgndovdrooulanl1dani (Ring er al., 1987, Mile et al., 1984)
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Figure 39. Relationship of enzyme hydrolysis at 24 howrs to various storage times of the

retrograded banana starches,
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3.5 5zAUM3gnUBHAILNTA (degree of acid hydrolysis)
o 4 ¥ ¥ - o ¥
PINMIAn¥IsEAUMIgnoesdlensa lalasanein 2.2 Tua vesamisniy
1 T d & ar a7

wangn wuhpluuumsdesdisniavesaairndtounmgistounasndamsdaulsfg
ey aa o o . ] T 3 !
FEn19ifa3 Insinsladil Uaadds Figue 40 Taorhanuaunsalunsgnoosaisnsau

o & [ [ 1 E 4
ponillu 2 TUADYU (two-stage pattern) 1WRIRURUFU VUM Tgndasdaen lail Tag
T 3 T =] o & |
Frusnamsndloutsnggnissdaonsasiiasaadanivlunar 12 Juusn vintumsdey
oy J 1 L Q 1 i 1
ifiaduedndr vudhganga Mun uag Shin 2006) Témsnumadamivdninafisn

@ Y ma a a @ 4 o P - St '
mifausdreiimafied Innnsiadu Teodudnufigumgil 4°c Tisedumsgndesdlensa
S =¥ =] a 3 A A { Qr
Wdvedissmd el 10 Suusn miuFuiunTduneft swmsinumudimsdauls

T, Y an e - o w Pt 4 ¥
amsndaeuimgIdeiiniaies Insinswduiissszommanuinmnunuiiy danald
seAuMIgRoBsdIonInanauuFud (R = 0.96, p < 0.05) uermIfs Figure 41 uaasldiiu
T 3 o 97 o qs o g o o sg A
Nlaseadvesamsisndsunginenaansdaulsisseznamanuinyinnuiui

3 1 Eg
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Figute 40. Acid hydrolysis of native (+) and retrograded banana starches (RBS) at 1(00), 3(a),

5(¢), 9 (x), 13(0) and 15(x) days of storage times.
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Figure 41, Relationship of acid hydrolysis at 12 days with various storage times of retrograded

banana starches.
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3.6 PSinaamiviinusomatessaaoilas! (resistant starch content)
A o Q a 55 o - | v A
diadmsdaulsemivndlousngde3imafind Insnnadu Aszozim
ar 4 ] { [y { g ]
msAusnueen wuhamisndnaanidumsdauls Aszeznmmsmuiayvmnnnm
Y- BT d A 1 1 3 15 t4 ] o 3/ 1 w
9 Ju fulsmuaasyinudenisdesdoeu lasiganhvesamisndleuanginsunsda
L] ar i1 ot ar A A r
uilsaenailiiod 1Aty (p < 0.05) LaRRa Table 19 Fanamsnanash Iddeandestunanisiny
as m a @ I4 v & R ¢ o
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X o ] oy ¢ o 1 1 o
2007; Pongjanta ef al., 2007) isad1e lsinmuilTnsanssinudenisdovdoonla
o gt ) [ £ g o 4 ' v A S T
Y3ga 1T rndInenIRduMIdaulsnssosramanuIng ien 9 T &liAdnm
o ' ar 1 o e o 10 ar f 1
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{ = 4 A 1 1 o [
aanswnihlSinaaassinuaemadesdaomi lailussdugann (very high) Asunndi¥oy
¢ A t 1 9 da é’ o =N at 5/
a 15 ganfvinudenisdeedoou luiffaiuluamsvndrouananiimunisdaulsdae
Fmsifas Imnnsasusaduanssanudenisdesdaoeu laflszinni 3 RS type 3)
1
Lehmann Hagaag (2002) Ia5wanuifsmansa lusiue1oau (short chain fatty acid ; SCFA)
o Y A o oy oA @ et ) ¢ Y 1
vaaaa1s ynawirmumsaanlsdeismfes Insinsedulisgannvesanssnduneu
o A& g1 | a g o a 4 o A
msfauls & scra fldss Tomldeguamlasssdudamansyvesgdunidihldifialsn
o =] T o T ° A o d o
uazdfuanrzanmiunsamrantwlug 1§ ug ddne Godinalunsilesfuuzsedrld
[} ] ar | o w
Tne)18 1Whudn (Alexander, 1995) vipnanIsnansanuNNsaausfiszsznmmsnuing
3 1 &= ¢ ' [} 3 St 1A dy - J ¥
windudwalilSunaamivinudensdesdroen ladiiaufiniu Iaomiyiunnievas
o A ar A cg o o) @ &
22.75 1thi¥euaz 71.05 tleszznamaduinuudindunia 1 Ju du 15 u Fwamsnaaes
Ay v g a w Y | a A ar o g/ a
ldaeandosiuramsfnuindaulsdieismaniag ns nswmduassamsandioaioriug
w & g a
Musa paradisiaca Llﬁ:ﬁ‘]ﬂ%‘mﬁ'&mﬂsﬂﬂ (Bello-Perez et al., 2005; Gonzalez-Soto et ai.,2006)
. = a o e ! T 3
Eliasson Uag Aman (2000) TdsoamhmafinlSunagarishinusenisoesdoeu lesiveq
£ A ar 3} o a A 9] 3 a1 ¥ T
aasynsumIdalsareitmanas Insnsiedu Wurainniniledenis 1dun szozina
sazgavgiin 1 lumsduine dasdmvesSina  exfilaauazesiilamndu anwen?

1 q‘:l
48981019 (chain length) gaunniifilFlums autoclave tazganududuvssaeie
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Table 19. Resistant starch content of native and retrograded banana starches (RBS) at various

storage times.

Treatment Resistant starch content (%, db)
Native 60.16° + 0.28
RBS 1 day 22.75% + 0.40
RBS 3 days 23.86'+0.27
RBS 5 days 52,14° + 0.61
RBS 9 days 55.23"+0.17
RBS 13 days 60.93° +0.12
RBS 15 days 71.05" + 0,12

Note: Each value is mean of triplicate + SD. The difference superscripts in each column denote

the significant differences (p < 0,05)
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2. fdtudef 1 wuldnadiveonimiinidy 2 afsdadeduldiny 1-3
Jaansy
] T ¢ T
3, Hadreg19ndeens I I miinfutiven dszaiw 1-2 ldaslumsuzu
A 4 ¥ o
AMuBHFmIimTnuda
4. vi'ldeuluglvidhfigamgd 105 +2°c dlunanlszine 5-6 42Tus vheenvin
3 1 3 ] ¢=y Y oy 1 o
gouldlulaganiiuiu dassfa I luguugivesmyuzanauniny
o g £ @ oy LY 3 o Qs ¥ 8! 3 =) 3
gamgiewdrraimin ninfubnduliidideudnai
¥ 4 b 1 i
5. Hidududen 4 wldnadisveniminidiaoendi@adenulify 1-3
Jadniy

3
6. fnalfinanuiueIngas

(W,~W,) x 100

3 b
I5uuanudu (Fovaz lavtimin)
Wl

& 3 = r? Qe L ] ar
ﬂ']‘ﬂuﬂelﬂ W, fio NTHUNAIINNOUDL (N3

9
w, fin dmiindleeandsey (fw)




2. m3dmnzidiunadluiu (A.0.A.C, 2000)

A a4 ¢
inseaNennzgUnIel

L.

o« B

qunsalgaatialuliu (soxhlet apparatus) Uszneudauianay (Fmfulddai
D) WOAMA (soxhlet) qﬂﬂsiﬁmmtﬁu (condenser) uazm1ldnuiou
(heating mantle)

vinon laA10019 {extraction thimble)

dd
gouh
in3oegs Iith

¥
ToganIWHY (desiceators)

=1
My

o
1. las@eudmes (petroleum ether)

as
I3

L.

° 1y = a A o ) H
svvnnandmiumyUSunaludu deflvuaussy 250 Tafidas Tudeulldhin

1 ¥
gamgil 105:2°C  Hunm 3 $lue dweanndeuld 13 luToganud

q

v y roo§
ldesis Bwunsznegamngiivesvianananaaihiugungivewdadaimin

k'
¥
o o T ¥

T ¥ [ ¥

Mduruden 1 suldnadisvesiimiinfideneensedadonu iify 13
3¥adnTy

[] ] 5
HFedredauunsEaynIssins i minilszuna 1 -2 nfy veliiada uda
lanalunaoadmiulddredn agudrsdfiveldmsdimzawinmnszne
Y19 UTUD

a Y [] 1 = Q@ o = =1 4
imasadleealdasluaenma uaisdihazant lasideudmoesasluviam
Tughalseuim 150 Taaans udanauuan lianuiou

o Qs o o) & Y I
Mnmsada lvhniuna 14 ¥l Tasdfuwanufeuldneavesaisi

& r'd al

azmonaudngilnsalnruuiudiedast 150 veagauf

4 o a o o o 9
dionsu 14 $rluaudr dwaoalddledrsosniinyenan uaznauAUEITHA

o =] Y

azmgrmdemsiazawluvianaufivudntdosdunIeesemegyginia
e luifueuludoulvifhnguvgfl s090°c  suudsldnanlszana 30

PR ¥ zln ¥ & gy & .

Wil hesnnindauld AluToganudu dldesisPBaunsevisgungiivesvan

T [
funavaaauiiugungitewdfaimin
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s
oalw:i

' ¥ ¥
8. NEusUHUsn 7 ‘ﬂuﬂi:ﬁ?’l\‘lPI'CWI'N‘H'E'JQ'L}’I‘HUﬂﬂﬂQﬂ‘Nﬂﬂﬂﬂﬁ’uqmﬂu 1-3

A a

Uaaniu

9. smammlTinaluiuningns

W, x 100
Wi

¥
e lusiu Geoazlamimin =

Fd T
fvuald w, fAe iwnindledieiudu (Hiw)

9
w, fin vhwminludundsen (niu)

3. M5 An5enli)sAuleadt Kjeldahl Method (AOAC, 2000)

in3oaflouazgilnsel

1. wntesTlsAu via 200 daddns

ginseildnnudou
gunsaindulalsfiu (Semi-microdistitlation)
‘U'Jﬂgﬂ‘}fmj (erlenmeyer flask) ¥U3IA 125 Haaans
13T (volumetric flask) YA 100 oddas
e wwim 5, 10 Hanans
fusad

daaniu

e T AT L o o

w509t WFhnerlon 4 Al

. gnuﬁ’q (glass bead)

—
=

. 11888 (VELP DK6)

—
—t

12, wiesaniulensa {scrubber)
=
m5adl
at b= Y ¢

I, nIadaifsnNdY (cone.H,80,)
faiganiery (Catalyst) 5¥M3N3 CuSO, 11 K,S0, Sn31d9% (Cu: K,80,) A 1: 10
Tw@oulsasonlamdudi 40 %
nsalglasaaosnaniuamadudiniveu (HC1 0.1 N)

nsaUDTAINTU 4 %

IO

Tnunadouls Tasounsian




7. Bufmeeinan (Mixed indicator 721919 Methylene blue 0.1 A3Y U Methy! red
w o o oA
0.2 NSu azatelueanodoa 90 % 100 Yadans)
o
JEms
mamnasgiumsazaensa lelasnaeininnsgiu
1, maeseuamsazatenasglgungd nmedonlelasunsias
1.1 HalnumadonleTasnuvsuaafisiumseunts (umgd 120 °C dhinm 2
r 13 3 1
#aTagy Wldhmineglugae 2022 a5y TaemSesdaz@oniiudn
14 10
MHINHF
Q kY uv & a oy 97 Qs = o aa
1.2 dnazasdgingy dsulunasdroviadfualsinasuuia 100 Taddns
3
wora W asazmeiluiofaiy
a ) ot 1
1.3 Muramanudusuhutiyeoy
2. MSWSoNEITazatw 0.1 M HCl 91nnsandadudy
2.1 Sunsawdoduduninueadluiinnesaua so Taddas hiludadu)
2.2 asnsamnantuduTitUSng 4.0 - 4.5 Tafans A20nITUBAAVUIA 10
Jafans
1= 3 = 1 3 & = S Aan A 14 =y
2.3 nsamndadidufinwdiaslinhndualSuas 500 daddasiusyegluiin
o« e oAan 3 3 o A
nasua 600 fagans auldmsazaudnnug
] é’ o . o
2.4 g15azan HCl mdouduilianududulszuna 0.1 M orenuiverands
[ ¥
doduesazaroi 13 4¥ds 14
3. AT TINEIIEAUNIAINGAD
3.1 Tilamsozanenisnden 25 finfidns Tdasluvaginisevua 250
iafans wud1Tezall
=, 's = [} 9 3 ar
3.2 Huedvlmau 2-3 e wormrazarnluvm N
a a o &
3.3 Tnmsadaeensazatenmsgumiegi laden leasen loa sunseis
amsazaslurindoutludyuyseu fuiimiSinas Tndowleasonlod
o ¥
3.4 lnmingt 2 asa

3.5 SuasmanuEuduimteuYeImsazaunIANg e
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aa
AEMI

) F
1. sasegnld Iddminuduey dszum 12 nfu ldasluvindes 1dsau

2. n1steY

2.1.

2.2

2.3,
2.4,

(AU UTIHE (Catalyst) T¥HTN CuSO, N K,S0, (CuSO, 0.5 nu uaz

o [} =4 dl! 1 ey 1
K,S0, 5 n5u) Juvaadeslilstu e algasemsdsy
wunsadayindudu 20 Taddas (fosn lnaadrern) woungouuds
Tivuiiufou Tathnwiadronszuhsudanay
dovuugilnsallianudeudoun suldamsarawdidnla

g
T = o
1ldosnaldion

3, MSNAY

3.4

3.2,
3.3

34,

3 14 .
diemsazawiigaimglanawda Judningy 20 Hadtns uasiAn
msazan Isdouleason ladidudu 40 %

[y Lo

ingunyaindu

=Y =Y 9 g =Y A A 1 94

Wunsauesnidudu 4 % ilswnas 25 Todaas asluaaagileusy udmon

Budnmed 5-6 vom 1 llsesuveamarsesfumsazarwinduld Tavld
J [ | o

gilnsainuwiugulumasmensauesn

pausunsziia itluen Tudlomde 18 1dmsazaoinan ddszua 150

anans

4. mM7lnmsa

4.1.

4.2,

¥ A & nyy Yy o e 3 g '
lnmsnarsazaionnan ladonsa la lasaaeInHnsIUAMMUNIUILLUOU
or = o A1 1 =Y
Funafdvoegisazanvezilsounnd@entludiiseeu wmilsumsuensa
lalasnaosniild

}

o [ o =Y s I ) ] 1 1q
1 blank Ineldersinfiuazdunoumstnieiru@oinudionng ud bild

10819
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gasiIuIn

1501 Tl 56y ($ovag) = 1.4007 x Nx (A-B)xF

Tas A
B
W
N
¥

W

]
= A

= suasnialelasaaeIahldlums Inmsanudietia
= P5mmsnsalolasnoeindi 1 lums lnmsafu blank
- shmitdaegn

= anududuveansalalasnassn (esuen)

= uvlnwe My 5.95

4. mPwanzHfdnaudn (AOAC, 2000)

A A ¢
inseailouazailnsol
g/ =Y
1. doengddio
2. wn'lvifh

3. UM

& w - ° '
4, IR78393021080 4 ALY

= o
5. QYIANN0T

ad]
NI

LS l& Ov L% A 1
L. INAFEUatamIuI U NidUDU

2. Fafaetnalszanm s nduldagdiiia il lltheuaunue

o ' A = (=) n‘)
3. thldensuidde e Irlfhhigungil 550 esrados winissum 2-3 421uq

sunsznd I aumsedm

3 o [T iqy =3 { ~ o & o 1 :’
4. ninvninnldindinnes naldduiguugiitoswdni ld sadedsdnn

¥ 5
assaz 30 wiR g mindradu’lify 1 Jadnsy

gasAIUIN

5
15iaud Geoazvoaimin) =

(W,-W,) x 100

(W,-W)

o )

¥
mtinveangila (nFu)

-4
wiminvesngfiauasdrotnanounn (nin)

b4 3

ihninvesagdidauazdredimdaumamiminaii (i)
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d
5, myamsevimSiaesdlae (amylose content)
A A ¢
insesiounzgilnsel
&
0. 21911
d‘! t{l = o )
1. mSoaFeazidua 4 Aunil
=1
A1IA
1. 1808
2. nsa'lelasnaesndudy 1 uosuea
'3 I'd
3, Taaenlaasonladdudu 1 uosuea
4. grsazawlole@undudnu 0.2 %
o
5. NIZATHNIONUDT 4

6. 1n3paTAMIMIIgANAMLAY

1. Faaand 100 mg i llazawhuenuen 1 ml unziindu 50 mi

2. Wnmdeuunamivianngd o5 esreades Whnom 20 widl el
gamgilfe

3. YsuBasdaoindulidi 100 m udansesdrunszamnsonned 4

4. gamsazmwan1izn s mludadiniingu 5o m Uuldiihunatedaonsa
lalnsnaeimdudu 1 uefuen

5. @uensazaeleTedu 2 ml USulfnes iy 100 ml uezdeial3iuman 20
wift udaildSadnsganduiaadi 630 nm udadnossnlSnuesiTar 7
azgmold

6. InMNIIgANAULTIUBIBTN ladiNAsEIY (standard amylose) 1auviims
nanvasAsuiude 1-5 udldarsazawosiilaguinsguisuiag 1 m

eI aEaean1s s s ml ludo 4
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gaIfIuIn
amylose content = Rxax20
Axr
Ty amylose content = Wsumezilad
R = ANIYANAULTIVDIAIDEI
A = Fhmsg]ﬂnﬁmmwm standard amylose
r = simnindens (db)
a = ﬁy'l?‘fﬁﬂ%lﬂ\‘i standard amylose

6. MarHANNY1 Taely colorimeter 55UU Hunter M3ATUBI Chen Uazame (1999)
A a4 g
insealauazginIol
1. 309 and {Hunter colorimeter) (Minota Chroma Meter ‘J;"LI CR300)
as]
IBMs
& LY T T [} g Ad 1 Q7 L7l 3 d‘i @ =
1shyanaTadedradaiiinsulaflosfuiumanlssneudinuniosind
2, HM7US NN S§IU (calibrate) AdvounToe Tasldurudvinnasguniiand
5%111) Hunter A9 L = 96.54, a = +0.03 4ag b = +1,69
W T a T el o g’ o,; ] A o A o A '
3, Samrdveadsetra@oiny s srmiumnunaniluvien Tuhna L, a uaz b
A i
5311 Hunter 130 MonmTos

4,71 L, a 48z b luszuy Hunter w1inasmadsiinameng lasldgas

AT (white index) = 100 - /100 — L) +a? + b2

J o
7. mamfSmnamanan (AFuA 73395, 2543)
e
3BMs
o 3’ ar .2}’ - | g :g o & 5 Yoo ow a
Lyshmindlondeauinnuanudusouilondis dadnnldiluingaylums
afagensy
L ¥ o, ¢ o d A oy A 9 oa
2. Faiminvesaas vinswanudu Feade endlendodu
o o o . ¢ oA w
3. fudSuaisenan (%yicld) vesamssiadald layldgas

¥
Psinamania (%yield) =  imiinutevesamuniinx 100 -

oy or 5/ df 9 ar
WIHUALNIUDHUDNAW(ATY)




H Hga ¢ 5 o
MU U ﬂ%mmmmmmmmzﬂ?mmummm‘ﬁuﬂ

1. MSIMTEAMY3a011M03729 (reducing sugar) (Somogyi-Nelson, 1944)
=
Ml
- eazamunglamneigy
- Alkaline copper reagent
- Nelson reagent
aed
Bms
a4 a d : a4
1.1. maw3sunnvhnasgrunglnavesmsinszrimSmanimaiaodg
o [
1.1.1 wisuensazmerihaang Inannamndudu 1000 PLg/ml
¥
1.1.2 thasazmninang 1ng1000 Pg/ml wh IfiTenaldfinmududy 4o, so,

¥
120, 160 Wag 200 Mg/ml anadaansndneaiadl

129

amudduveninanglng USinaindy Uhnumsasmerimang Tna
(Mg/ml) (ml) 1000 flg/mi (ml)
40 48 2
80 46 4
120 44 6
160 42 8
200 40 10

1.13 gassasaeiiadon]d 1 ml Wasluraoanaaes

1.1.4 1§ Alkaline copper reagent 1 ml s Idh i

1.1.5 il lugraivden 15 wifl

1.1.6 31 Ty 180 0 Ice bath

1.1.7 (1 Nelson reagent 1 mi warnlhdniu fal3igamgiies 30 wf

(1.8 @hndy 5 m ranlidhi

1.1.9 ¥l Sarmsganduuasfinnuoniniu 520 unTuas

1.2.0 Plot graph 'szﬁ'iwfhmsg]ﬂﬂﬁuuﬁauazmmH’J’M’;’uﬂmaifwma Tagldrims

¥ ]
ganduuasegunu Y wazamduduveshaaeginy X mamawdusinns i ld




130

12.msdmneimiBinashmaidadandedhs
121 gad19d19 (@1sazarvamssndioneunaznasnisgnooodue lal
pullanase #990 2.3.2/ Asazawdanlavosamssndaofirunisgniosdsoulsinionsa
fdedin 2.6 uaz 2.7) o619z 1 ml ldasldlunooananes
1.2.2 Minsnaaeddade 1.1.4 - 1.19
1.3.mM5MUIN

¥
Usunanimaiaad (Lg/mb = _Abg, X Dil

Slope
A T A o A
Aby, fio MMaganautEanaNueINaY 520 W1 Tuns
Dil f19 Dilution
Slope Ao Arnnudusinnsmluasgung IngvesnisiinszivnlSum
s
a3

2. MIIASEHIMISmaniimananum (total sugar) 89898 Phenol-Sulfuric Reaction
(Dubios et al.,1956)
(=}
a5l
o ~ Y 3
- msazatodasnidudu
- Phenol solution ANMTNTUToBAL 0.5
A a]
Ems
=3 s < ': qv.r
2.1. mamIsunsinaspunglaavesmsitnnzdmlEnanhmeniavug
o
M A
2.1.1 wasymsazawihetang Inahnmidudu 100 plg/ml
o
2.1.2 thansasmeimang g 100 Pg/ml i ld@esaldlianududu 20,

1Y
40, 60, 80 g/ml LaAAIRAIT 19998 198]

adiduveshmanglae WBadhnde Wineesazareimang Taa
(Hg/ml) (ml) 100 Pg/ml (ml)
20 8 2
40 6
60 4 6
80 2 8
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2.1.3 gaensazatwiisionld 1 mt daslunasenaans

2.1.4 ldesazats 5% phenol aslunnannaass 1 mt werulidiiuedsnga
420 mixer

2,15 ldmsazarwdayfSadudu s ml naulfiddusdiesnE 820 mixer

2,16 eI udganSudhunm 30 uid

2.1.7 1l 3ammsgandunasfinnuenndu 485 i Tumas

2.1.8 Plot graph 'sxw:iwi'mﬁgﬂnﬁuumuazm’lm’fuﬂi”mmauf"nma Taelven
nsganAuLEIagul Y uamamﬁ’fmi’fumaaﬁwmaacjunu X mimaaudunnns i 14

22 mAmssimdSneshmanmenniaeths
22.1 gafede(msarmwaniisndofimumsgnoosdaoeula pullulanase

ar 1 ar d.’ é 1
&adi0 2.3.2/ drvazawaanivndloneumsaaisnanudydudosas 0.5 Fhuns linny

tt
Zonulugraiudoaihunn 20 w1 eoneaz 1 mt ldas U lunasanaasy
222 MIN13Maa09A990 2.1 (19 2.1.4- 2.1.8)
2.3 MIATHIN

¥ b
UTinanimananua (Ug/ml) =  Ab,, x Dil

Slope
Abg fio fimiganiunasiinaueadu 485 i Tuns
Dil f1® Dilution
Slope fo Annudunianslnasgung TnaveansiinneinlSuna
shanastamua

3. mPmNeAmMBinaemiuiinudensdondanenla] (resistant starch content)
{(McCleary and Monaghan, 2002)
im3osilonazeinsel

1. naoanaassiiirhila

2. 92915u15uas

3. Ice bath

4. 'thafmwauqmwgﬁ

5, 193D 11021950 menetic stirrer

d s
6. 19389 TARAINIIGANAULIT
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w131Ail
1. 713 D-glucose ¥MIFIH
2. 1oy 1w amyloglucosidase (AMG)
3. o o] pancreatic afpha-amylase
4. 91562010 GOPOD
Sy
3Ems
& [l o e
1. Haf0d 19157 0.1 g luvaoanaasshiiishilavuia 16x125 mm
=y § o
2. inasazmenou lad pancreatic alpha-amylase (10 mg/m1) Nifon Tl
1
amyloglucosidase (AMG) (3 U/ml) 4 mi waIdidiu il luewihnaugueungii 37°C
#7275 200 stroke/min 1Hna 16 $2Tug
= Y o w1 Al A A o
1. RUON108 (99%) 4 ml 1@ n1d80199 14 TunspumIsain 35959 3000 rpm
I~ = 1 n{’
flum 10 Wi mdauladis
-1 i Q 3 1 A { {
2. vhagneuh lduazaiwdisemuea (50%) 8 ml udniwiedeil1d hilvypumied
o o ] :’ o’:
AMYIEITO 3000 rpm 1111787 10 WIN (11 2 ATY)
3. ﬁmsnauﬁ”lﬁ’m@n 2 MKOH 2 ml (‘lf& magnetic stirred bar YUIA 5x15 mm)
3 3
it stired et 20 10H Tumiuds
4, @Y 1.2 M sodium acetate buffer (pH 3.8) 8 ml waziauou o amyloglucosidase
¥
(AMG, 3,300 U/ml ) 0.1 m! Taoudl wentidndu udnir I nslusraimougugaingdi so
°c flam 30 wid
3 1 3 J
5. ntiuidenen 1@t udSnas1Hld 100 ml drodndu maulidhdu uds
9 { { o ~
W lmaumvafinngasew 3000 pm fiinat 10 W
r L
6. dotenld 0.1 mt 1dlunasauda (¢ 3 €1) Buarsazars GOPOD 3 mi ud?
i hiuigamgil 5o °c dhuaa 20 i
9w 1 Huy w ! =} - A
7. hdedneii ldudasinmsganfuuasfiniiue1andiy 510 nm 90 reagent blank
fmtTinaamiyinudemsdesdoionlal (rS) Reaums

USinmemsrinudemsgosgioonlad RS %) = AE x (F/W)x 90

AE = NITGANAULT

F = 100(mg of p-glucose} / AN ﬂﬂﬂﬁuuﬁwm 100 g D-glucose
5

w o = dmiinuiavesdlegeamss (n5u)
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4
MARHIN A NMTUATIZH linear viscoelastic (Strain sweep test)

10000 E E
i o © Native i
1000 E +
& ° 3
—_ ¥ 3
s .
£ 10 k + ]
O E T
0k
{ [ L1l 1 ' | N I
0,01 0.1
Strain
10000 3
- HMT ]
I -H'+
= ¢ 5 3
g N
& 00 | coo ]
(] E ]
100 [ W | 1 1 I O T I |
0.01 0.1 1
Strain
10000 E
- & ]
1000 o % HMT,,
= o] -
. (E E
5] ]
& 100 E t ]
Q = “
10 g E
’: -
1 Ll X 1 TS I I I |
0.0t 0.1 i

Strain

1000

100

10

1000

100

10

1000

100

10

(2d) ssoms mang

(ed) ssons zeayg

(ed) ssoms reatg
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o o) < = o e .
MANHIN 3 MIAIUINNITADIVINISAY (Creep  study) A8TF5UDN Inokuchi
(Inokuchi graphical procedure)
YIS = = 7 P a
msAnEaniialndaafnvesnagmivlagnisdaniunisilasuniag
Y94M1 Creep compliance J(t) NIa1a1ee Taod1 J  Aedandivvesnnunisa (€) de
A 1 9
amsaion (G) 91509 Creep compliance (A1 8) @NsamlsnIsA MDD 1d
td
§hy 3 Haedail (Sharma and Sherman, 1996 and Sherman, 1966);
1 4 1 A w
(1) %24 instantaneous elastic compliance, J, (A-B) alaendenshiuse
meludaaimstadedudangu fueusudoveonTagasafionsiudd (recovery) 14

1 C4 o =
DUNAUYIU LARAIAITUNITY (15}

1 &,(6)
J = — = 2837
0 G, o (15)

()] %429 time-dependent retarded elastic compliance, J,, (B-C} fﬁ&uﬁﬂdﬂ"l
retarded elastic modulus (G,), anuniia (77 ung retard time (7) émﬁﬁn (/G ‘})"’N‘tiﬂu
gasiiiuszveaTagiimaunneenuasfigy (reform) Taofusehanualilduansenuazin
Jfigns IRy gofush Tsdmanom (T, T, T,.. T)uagm G uag 1, nivaioan
WU (G, Gy GGy 10E 1y T M 7,)

amnsaeTineanuduTTvesdlssaumIstad fai

Ty = Gi = J(-e) = ERTG) (16)
R

A A4 1 A 1 . .
19 J, ADAUNAYVDIA retarded elastic compliance

] ] ¥
aunsh (15) ansaenlugliuuaumsifinarvesiszneudsil
H -_—I N -_:L-
Jp=> T (—e")=) J,(1-e"") (17)
i=1 i=1

{ k4 1 é a ar /! L
Togdi 77, Aodruruvasesdilsznovvesminnuniladiinnuduiuiiudy retarded clastic
compliance
Foned ° 3 . i
ansnszgnddimsiiaa laen1s1dnimlves Inokuchi (1955) Auaums

3
(16) ldaun1saail




Q — ZJJ‘_SR(I) (18)

i=1 o

n

quMS (17) LaaddeReTzozeseinudunse DCp fudulde DCB #
L

¥ i
nale q daiuennsouassaunsi 17) lugiluuiaums i lddail
1 =t
Q = Y Je" (19)
i=1

4 1 w o P
dloldouniiszniam@  funar wdaldnshihuduase deawrse
fIUIAT single retardation time (7)) 1A% Creep compliance (/) uadns A1 Ll
I3 1 T . o o T
Wunse AldRounswllndszndam - 767 fuar udnand second retardation
. . ' @ <] 2] 1 3
time (Z,) A2 secondary compliance (J;) ustnswdsliiludunsandea@ounsmlninds
{ ] T, w3, w ° 1 £ o .=
fi 3 sene @ - -7 funawdidnnum 7, uazJ, Fuzdesduiiunisda
qdﬂ?vy o I g/ 3
FadaunssRsldnsviidunss
1 [~ 1 { o ar ~
(3) %24 Newtonian flow, J, (C-D) Wlugrsfiiuszvasiagqianisunnoen
ung'limnseduzlld Sed i aqiianms nawnvila ladlou Tevas Inadludadau
Tagnsafuer ansoudndld deaumsh (19)
ey (1) t
Jy = 0= =— (20)
o Ty

A &4 1 1 . A 1 A A o % w o
I$1)3) 8.'.' A8 AINIATER (shear strain) tl‘u‘ﬁ?\?ﬂﬂi'ﬁ"ﬂ'}‘iﬂﬂﬂﬂﬂ'ﬂmglﬂuiﬂ'uﬂiﬁ AYJHUN

avwduvonsAedmnduvesmnumila (17 77,)
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& ar | o Y . . .
MARKIN D MIMHETATINISAAIINIIATHINS1F NS Avrami (Avrami equation)

r'd A A a < o W 3/
ASANHINAUAIRATYDINTINAS INTnsiasuvasaaliy M 1d laoms ldaumsvos
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Table appendix D1. Enzyme hydrolysis (%) of native and heat-moisture treated banana starches

(IIMT) at various moisture content,

Number of hours

Treatment
5 10 24 30 48 54 72
Native 4.82 8.48 15.21° 17.41 19.15 19.18 19.18
HMT 10.06 18.96 32.24° 33.48 36.38 37.36 39.75
HMT,, 11.85 21,73 34,65° 36.26 39.75 39.75 41,49
HMT,, 16.39 25.02 41,39° 46.95 47.28 47.33 47.98
HMT,, 16.53 26.90 43.84" 47.59 47.94 4921 49.71

Table appendix D2. Enzyme hydrolysis (%) of native and retrograded banana starches (RBS) at

various storage times,
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Number of hours

Treatment
5 10 24 30 48 54 72

Native 4,82 8.48 15.21° 16.13 19.15 19.06 19.06
RBS 1 day 6.14 14.15 29.26° 30.70 30.80 32.40 33.33
RBS 3 days 5.68 13.10 22.42° 24.56 28.33 29.03 29.19
RBS § days 5.43 11,66 19.46° 22.14 24.94 25.77 26.32
RBS 9 days 5.24 9.26 17.94" 18.65 20.25 20.60 22.06
RBS 13days 3,85 8.89 14.40 14.83 16.08 16.88 18.32
RBS 15days  2.80 7.11 7.32° 7.33 7.92 8.10 9.86
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Table appendix D3, Acid hydrolysis (%) of native and heat-moisture treated banana starches

(HMT) at various moisture content.

Number of days

Treatment
1 4 8 12 16 20 24 28

Native 1.26 13.44 35,11 5851° 66,44 68,71 70,16 7128
70.25 7116 72,10 73.90

d

HMT,, 293 1893 4102 6149
HMT,, 3.25 20.14 4275 6443 70.83 7325 7371 7533
HMT,,  4.30 2040  43.62 6607  73.93 7554 7623  80.37
HMT,, 600 2507 4624 6790° 7726 7971 8L77  83.90

Table appendix D4, Acid hydrolysis (%) of native and retrograded banana starches (RBS) at

various moisture content,

Number of days

Treatment
1 4 g 12 16 20 24 28
Native 1.26 13,44 35.11 58.51°  66.44 6871  70.16 71.28
RBS 1 day 1.18 15.18 34.82 5255 6035 6558  68.56 69.56
RBS 3 days 1.1} 15.22 32.56 48.66° 5569 58.63  60.56 62.52
RBS 5 days 1.09 13.47 27.66 39.77° 4206 4504 46,39 47,86
RBS 9 days 0.98 12.65 23.45 25.82° 2941 30.17 32.99 32.19

§

RBS 13 days 0.85 12,02 20.11 21.82 2532 2755 29775 29.96

RBS 15 days 0.68 11.47 15.66 18.75° 2003 2256 24.39 24.88
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