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ABSTRACT

Both banana starches obtained from Nang paya and Hin showed B-type
crystalline pattern. The initial gelatinization temperature (To) and pasting temperature (Tp) of
both banana starches are similar, However, resistant starch content of banana starch from Hin
(70.52%) was higher than that of from Nang paya (60.16%). After heat-moisture treatment
(HMT), the crystalline pattern of both banana starches changed from B-type to A+B type. Their
swelling power, solubility index, viscosity, consistency coefficient (k) and resistant starch content
of this banana starch decreased, while the To, Tp, the sforage modulus (G'), the instantaneous
elastic (G,) of starch gel, and susceptibility towards enzyme and acid hydrolysis increased
significantly (p<0.05) comparing with native banana starches. As for the effect of moisture level
of the treatment, increasing moisture content (18-27%) decreased the swelling power, k and
resistant starch content. However, To, the strength of gel increased with increasing G’ and G, and
the susceptibility towards hydrolysis by acid and alpha-amylase enzyme increased with
increasing moisture level of the treatments. Hydroxypropylation was conducted to chemical
modify for both native banana starches. The results showed that the swelling power, clarity, k,
peak viscosity, breakdown and susceptibility towards enzyme and acid hydrolysis of both
modified banana starches increased, while To, Tp, setback, G'and resistant starch content
decreased significantly (p<0.05) comparing with native banana starches. In addition, increasing
in concentration of propylene oxide (8-12%) the swelliné power, clarity, k, peak viscosity,
breai(down and susceptibility towards enzyme and acid hydrolysis increased, while To, Tp,
setback, G and resistant starch content decreased.

Hydroxypropylated banana starches (12% propylene oxide) were applied in
bread product which produced from frozen dough. The results showed that extensibility,
resistance to extension and stickiness of dough did not change during frozen storage of 3 weeks.
This contributed to obtain the more stable bread product comparing with control bread without
this modified starch. The rice starch films reinforced with heat-moisture treated banana starches
(27% moisture content) were investigated. The higher tensile strength and clarity but the lower
elongation at break and water vapor permeability were obtained as treated banana starches

were applied.

3



ananssudsema

v

aw 4 Y CZ d o ¢
Taseamsadeiies “msUSuljsauifvosamissninndroiugiuiioninldlag
A a & g a a ow d 1A o A
Fomamenw sazmaslmaduuuamalumsWannsdasusiyanuny” awisaduidunis
] ' ¥ = yYa o a 1Y a S g ¥ g
wduigan ded  §ITvueveunsANUMIINIATAIVAIUATUNS NIRNITOYNTIZY
advayususznalunsitennldvuganyunisitenintusudssuaududv

Flevdszunn 2551

Y Y oy a wa =
vavounumInvedlfiamsudsglems anzgammnssunyayaay 7

t { o o = [ Co °
‘lﬁlﬂ‘li‘ﬁ?ﬂlﬁaﬂlﬁﬂﬁﬂﬂﬂ"ﬁLﬁ?ﬂﬂ?@lﬁ}ﬂﬂ LlﬁgﬂﬂﬂWQﬂﬂimﬁN € ANDAIUDIUIUANNATAIN

lumsive

wet. 3. o5l AS9A Inaa

@



GARTILY

+Y
i
UNAALD (N1H1 1N8) 2)
UNAAYD (MB18INOY) 3
Ananssulszmer 4)
GRRRIL (5)
FIWAITAITI )
s18nsnilszney | (111)
PN 1 uni 1
o ¥ ﬁ'
UNHINULITDI 1
AINDNET 3
1. ndw 3
3 Py
2. #@MITYNAIY 5
a a '3 Y
2.1 Ysuaesi lagvosaas¥naie 5
b 3 9
2.2 Inseasavesanis¥naie 5
2.3 i AFIM T NYe a1 FNAe 8
@ ¢ g ad 9 ‘3'
3. msaandsamsraled AN Uiy 12
Y] 9/ 9 Ay ' e 9/ I'4
3.1 WaveIN1saauLlsAlenNVeuFuAsaNliaNe IATIEs 19vBIART Y 13
9 '
3.2 wavesnmisdaulsdreanufouiudeautadoninvesamiy 14
4. msdaudsamiualuit leasond InsWiadu (hydroxypropyration) 16
4.1 manndmsuldlumsdauls 16
4.2 UnTeuntiveanisaauls 17
Jagisyered 19
unf 2 Yaq gunsal uariig 20
Jere) 20
o1nsal 20
I5NMINAADY 21
- Y I'd 9 o - W 1
ABUTN 1 MIHARAAITYNAIT 8IAUTLNOUNIUAY ANBUTNIIIATITI 19 LA 21

wa a Y Jd v
FUUAUTIHUINUDITANITTNAY

5



miiy (A9)

apuf 2 madaudsamizndiediodimanmenmuaziimandl wazmsfny
dnmaeni Tassaaasauiamaaiimenmussamssndodauys
aouf 3 msmnuanuiu 118 lumslssgndlFanfsndodaulsdruisms
MEATW
undi 3 wHauezSe1aiHANITNAADS
aoufi 1| mawAnamiynds samlszneumani dnvazmalaseadie uas
audaFehfivesamssndae
aouf 2 masaudsamirndlodaedinmaneninuas i manil uazmsany
Sowaznelassauasaudamaaiinienmessaaisyndleaauys
aoudi 3 msfnpnnudu 8 lumsszgadlFanifmndedaulsdre3ims
MEAN
aoufi 4 mfnganmuiu 18 lumsszgndlfamfrndredaulsdre3ims
AIAINLRTNIUAT
unit 4 agUnaniinanes
1OAEI381989

NMAFRUIN

23

29

33
33

40

72

89

103

106
113

(6



31EUNITIMIINN

Table

10.

11.

12.

13.

14.

15.

Amylose content from various bananas.

Shape and size of banana starches from different varieties.

Crystallinity type of banana starches from different varieties.

Chemical compositions of banana starches from Nang paya and Hin .

Swelling power and solubility of banana starches from Nang paya and Hin.
Crystallinity of native and heat-moisture treated banana starches at 18% (HMTlg),
21%(HMT,,), 24%(HMT,,) and 27%(HMT,,) moisture content.

Swelling power and water solubility of native and heat-moisture treated banana
starches at 18%(HMT ), 21%(HMT,)), 24%(HMT,,) and 27%(HMT,,) moisture
content.

Gelatinization parameters of native and heat-moisture treated banana starches at
18%(HMT ), 21%(HMT,,), 24%(HMT,,) and 27%(HMT,,) moisture content.
Viscosity parameters from Rapid Visco Analyzer (RVA) of native and heat-moisture
treated banana starches from Nang paya and Hin.

Consistency coefficient (k) and Flow behavior index (n) of native and heat-moisture
treated banana starches from Nang paya and Hin.

Viscoelastic parameters of native and heat-moisture treated banana starches from Nang
paya and Hin at paste concentration of 8% (w/w) and measurement at 1 Hz.

Creep parameters of native and heat-moisture treated banana starches at concentration
of 10% (w/w).

Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various
storage times of native and heat-moisture treated at 27% moisture content of banana
starch from Nang Paya.

Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various
storage times of native and heat-moisture treated at 27% moisture content of banana
starch from Hin.

Resistant starch content of native and heat-moisture treated banana starches.

Page

34
39
42

44

47

51

55

66

66

71

)



F1YMINTN (AD)
Table Page
16. Hydroxypropylene content and molar substation (MS) of modified banana 72

starches hydroxypropylated with propylene oxide of 8%, 10% and 12%.

17. Swelling power and paste clarity of native and modified banana starch 73
hydroxypropylated with propylene oxide of 8%, 10% and 12%.

18. Gelatinization parameters of native and modified banana starch hydroxypropylated 74
with propylene oxide of 10% (HP)

19. Viscosity parameters from Rapid Visco Analyzer (RVA) of native and modified 76
banana starch hydroxypropylated with propylene oxide of 10% (HP) at 6% (w/w).

20. Consistency coefficient (k) and Flow behavior index (n) of native and modified 77
banana starch hydroxypropylated with propylene oxide of 10% (HP)

21. Viscoelastic parameter of native and modified banana starch hydroxypropylated 79
with propylene oxide of 10% (HP) at concentration of 8% (w/w) and at 1 Hz.

22. Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various 82
storage times of native starch and starch hydroxypropylated with propylene oxide of
12% from Nang paya.

23. Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various 82
storage times of native starch and starch hydroxypropylated with propylene oxide of
12% from Hin. 88

24. Resistant starch content of native and modified banana starch hydroxypropylated
with propylene oxide of 8% (HP 8%), 10% (HP 10%) and 12% (HP 12%). 90

25. Properties of dough substituted with 12% hydroxypropylated banana starches (HP)
before frozen storage. Banana starches obtained from Nang paya and Hin.

26. Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen 91
storage times on extensibility of dough. Banana starches obtained from Nang paya and
Hin.

91

27. Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen
storage times on resistance to extension of dough. Banana starches obtained from Nang

paya and Hin.

)



518151914 (D)

Table

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Effect of substitution with 10% hydroxypropylated banana starches (HP) and frozen
storage times on dough stickiness. Banana starches obtained from Nang paya and Hin.
Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen
storage times on proofing time of dough. Banana starches obtained from Nang paya
and Hin.

Properties of bread substituted with 12% hydroxypropylated banana starches (HP)
before frozen storage. Banana starches obtained from Nang paya and Hin.

Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen
storage times on bread firmness. Banana starches obtained from Nang p7aya and Hin.
Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen
storage times on specific volume of bread. Banana starches obtained from Nang paya
and Hin.

Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen
storage times on crumb color of bread. Banana starches obtained from Nang paya and
Hin.

Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen
storage times on crust color of bread. Banana starches obtained from Nang paya and
Hin.

Tensile strength of rice starch film and rice starch film added with 15% of native and
heat-moisture treated banana starches (27% moisture content, HMT,,). Banana
starches obtained from Nang paya and Hin.

Elongation at break of rice starch film and rice starch film added with 15% of native
and heat-moisture treated banana starches (27% moisture content, HMT27). Banana
starches obtained from Nang paya and Hin.

Water vapor permeability of rice starch film and rice starch film added with 15% of
native and heat-moisture treated banana starches (27% moisture content, HMT27).

Banana starches obtained from Nang paya and Hin.

Page

92

93

94

95

96

97

98

99

100

101

&)



F1LAIIAI51 (AD)

Table Page
38. Transparency of rice starch film and rice starch film added with 15% of native and 102
heat-moisture treated banana starches (27% moisture content, HMT,,). Banana starches

obtained from Nang paya and Hin.

(10)



siwmsmndsznou

Figure

1. Morphology of starch granule from native unripe banana starch (A) and ripe banana
starch (B)

2. Hydroxyalkylation reaction of between starch and propylene oxide.

3. SEM micrograph (x1000) of native banana starches from (a) Nang paya and (b) Hin

4, Particle size distribution of native banana starches from (a) Nang paya and (b) Hin.

5. Crystallinity pattern of native banana starches from Nang paya and Hin.

6. Swelling power of native banana starches from (@) Nang paya and (M) Hin,

7. SEM micrographs (x1000) of heat-moisture treated banana starches at 27% moisture
content: Nang paya (a) and Hin (b)

8. Crystallinity pattern of native and heat-moisture treated banana starch from Nang paya
at 18% (HMT ), 21%(HMT, ), 24%(HMT,,) and 27%(HMT,,) moisture content.

9. Crystallinity pattern of native and heat-moisture treated banana starch from Hin at
18% (HMT,y), 21%(HMT,,), 24%(HMT,,) and 27%(HMT,,) moisture content.

10. Relationship of swelling power and solubility of heat-moisture treated banana starches
from Nang paya and moisture content of the treatments.

11. Relationship of swelling power and solubility of heat-moisture treated banana starch
from Hin and moisture content of the treatments.

12. Thermogram of native and heat-moisture treated banana starch from Nang paya at
18% (HMT ), 21%(HMT,,), 24%(HMT,,) and 27%(HMT,,) moisture content.

13. Thermogram of native and heat-moisture treated banana starch from Hin at 18%
(HMT ), 21%(HMT,,), 24%(HMT,,) and 27%(HMT,,) moisture content.

14. Pasting profile (pH 7.0) of native and heat-moisture treated Nang paya banana starch
at 18% (HMT,,), 21% (HMT,)), 24%(HMT,,) and 27%(HMT,,) moisture content.

15. Pasting profile (pH 7.0) of native and heat-moisture treated Hin banana starch at
18% (HMT ), 21% (HMT,,), 24%(HMT,,) and 27%(HMT,,) moisture content.

16. Relationship of pasting temperature at pH 7.0 of heat-moisture treated banana starches

from Nang paya (®) and Hin (@) and moisture content of the treatments.

Page

17

35

36

37

39

40

41

42

44

45

46

47

49

50

50

(an



swmimwilseney (ﬂ'i))

Figure

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Relationship of apparent viscosity and shear rate of (a) native and (b) heat-moisture
treated banana starches at 18%(':]), 21%(A), 24%(0) and 27%(<>) moisture
content. Banana starches obtained from Nang paya.

Relationship of apparent viscosity and shear rate of (a) native and (b) heat-moisture
treated banana starches at 18%( D), 21%(A\), 2_4%(0) and 27%(<>) moisture
content.Bnana starches obtained from Hin.

Effect of frequency on G' and G" for native (+) and heat-moisture treated Nang paya
banana starch (8% concentration) at 18% (D), 21% (A\), 24% (O) and 27% (<>)
moisture content. All samples were measured at 25°C and at 0.1-10 Hz.

Effect of frequency on G' and G" for native (+) and heat-moisture treated Hin banana
starch (8% concentration) at 18% (D), 21% (A), 24% (X) and 27% (<>) moisture
content. All samples were measured at 25°C and at 0.1-10 Hz.

Relationship of G' value of heat-moisture treated banana starches and moisture content
of the treatments.

Creep compliance and creep recovery for native (+) and heat-moisture treated
Nangpaya banana starch (10 % concentration ) at 18% (D), 21%(A), 24%(0) and
27%(<>) moisture content. All samples were measured at 2% strain.

Creep compliance and creep recovery for native (+) and heat-moisture treated Hin
banana starch (10 % concentration ) at 18% (D), 21%(&), 24%(0) and 27%(<>)
moisture content. All samples were measured at 2% strain.

FTIR spectra at various storage times for (a) native and (b) heat-moisture treated at
27% moisture content of Nang paya banana starch gel.

FTIR spectra at various storage times for (a) native and (b) heat-moisture treated at
27% moisture content of Hin banana starch gel.

Enzyme hydrolysis of native (+) and heat-moisture treated Nang paya banana starch at

18% (M), 21% (A ), 24% (®) and 27% (®) moisture content.

Page
53

54

56

57

58

60

61

64

65

68

(12)



s1mInnilszney (Av)

Figure

27.

28.

29.

30.

31

32.

33.

34.

35.

Enzyme hydrolysis of native (+) and heat-moisture treated banana starch from
Nangpaya (a) and Hin (b). Banana starches were modified by heat-moisture treatment
at 18% (W), 21% (&), 24% (®) and 27% (®) moisture content.

Acid hydrolysis of native(+) and heat-moisture treated Nang paya bananastarch at
18%(M), 21%( A ), 24%(®) and 27%(®) moisture content.

Acid hydrolysis of native(+) and heat-moisture treated Hin banana starch at 18%(W),
21%( &), 24%(®) and 27%(®) moisture content.

Relationship of apparent viscosity and shear rate of native starch and starch
hydroxypropylated with propylene oxide (HPO) at various concentrations. Starch
obtained from Nang paya banana.

Relationship of apparent viscosity and shear rate of native starch and starch
hydroxypropylated with propylene oxide (HPO) at various concentrations. Starch
obtained from Hin banana.

FTIR spectra at various storage times of banana starches (obtained from Nang paya (a)
and Hin (b) hydroxypropylated with 12% propylene oxide.

Enzyme hydrolysis of native and modified banana starches from (a) Nang paya (b)
Hin hydroxypropylated with propylene oxide of 8% (HP 8%), 10% (HP 10%) and
12% (HP 12%).

SEM micrograph (X5000) of banana starch hydroxypropylated with propylene oxide
of 12% after attacking by porcine pancreatic OC—amylase. Banana starch obtained
from (a) Nang paya and (b) Hin.

Acid hydrolysis of native and modified banana starches from (a) Nang paya (b) Hin
hydroxypropylated with propylene oxide of 8% (HP 8%), 10% (HP 10%) and 12%

(HP 12%).

Page
68

70

70

78

78

81

84

86

87

13)



uni 1
YN

o ¥ d'l
UNHIAUITBY
Y yaa o o a q’: [ 9 a
ndrofunaldfifinnudifgniuasugieielusedufiosduuasy
LY { ' o [y v ' a '
syauszmevesIne Juiivfitgndin Tada quasnude nudsanmauderniea lideald
¥ b4 .
arseil lumsuSydy I fdslinanasand uazannsolgn1ddlunaninvelszmaing
o o J v 1o da df
dmfununialdveslszmalnewuannsedgnndieldvainnareiug uavugidu
nandand g lutestuniald 1dun ndreurawgiMusa sp. (AAB group)] wazndaeuniu
& o o o4 { o [ o
[Musa sp. (BBB group)] duilundreufiuiiosiifinisgnuinlume 4 Sandasiouau
Y o Qs &4 a A :i [] @ =
mald Fimdaszar faanil usi3na uazasvar) Wudsiildwusonsdaiidgnua
e mTeaduna lfdug wazdlunsininandaldaasall Saildhedenisduaiuns
gamndesmswandaiin Tasia ludoinnsudsemuaanderiufiuvuamnudie g u
a 1 a o a t o a3
unggmanananveIndwszlininniinsus Ina hldus Inalddunessimian Wuwald iy
4 o a
sz Teninnndae1dlesas msulsgadrefuuuameiiansoudilyvindananin
a ¢ & a a 4 { o a 4
du'll ansyndroflunisluitasulsindsduilesnnvusidlundodussliansy
d (] ' : LY . . & 0 a o 4
vi‘_lumﬂﬂizﬂauagnmﬂ'n 70% (umumsﬁ’a) (Waliszewski, 2003) Faeusn ldindasum
a a v a ) '3 '3
Thnnsilanagdiumsiiuyasriagavuasdivuuamemahamssadaelinaunuamsy
o A e ] o o - 9/ 4 ) = o
yiladuflinumne wusiudis viedTwa fludu amivndrelasingaudiuersaulsn
. b4
nszinrzuazdr 14 uazdaldierdnuilsadie q Bauinuie uazuenvindunydi
4 9 Pl LYY ¢ a ] (] 9 -1 o a .
ansyndrelrudmduamsyinudenistosdrudu laliuud 2 (Resistance starch type 2)
2 [} 1 9 o © 9 o ¢ ~ wa [ "] ‘& ~
@3 limusogndesdoon el lud 18 nvewyud Tautidifewiiduleeints el

3 1 1

LK o 1 4 1
ﬂi%IU"]fUﬂﬂiZ‘UU‘U‘Uﬂ']U mmmmﬂﬂmnuﬂnmwan uazam'sm"lumsmﬁeumu‘um

w ot S 1 o Jyy a 4" d o vada 1 9/ A A
91113 ldsdaunides M ldidnouw venninflamsyddlimniaimunindulveinis fell
] ¥y

autiaundsemsimmnzavdensulsgil ansasienruguinyuzioduiavosons 1
[l Y a o Py a a o I8 ~ 1 <2

aelfiAansasuulasfuazndusavesnandasiuazinnununmussuitamsuysgyl 39
o L4 i 3 [ o a o s [ [

annsathamisinudenisdesdooulmlludszygnaldluniadusiomisdien 1dedi
o A a o I'd @ 4 J

v Mldeunsamvanunannatsvewiadusiomsiasuveguam lduindiy

(Ranhotra et al., 1996)



[]
Wl o

nndeyadsdunuhanisndeiiguanianiiemmeds uazliguaiims

4 a g v o @ a ' S o Y o o
pmsdaiilsz lowidesume duiusadinnmihaulafzindslasmmzndioiug
1 e a o 4 ° 4
fudlesfifidnenmlunisdgamenialdldwiaduaainieonii T 19y s Tonily

o g | A d ™ wva
QATINATINGINS uazgaaMAsTNTTYRnal udiiiesnnamfydulaeialdfiauiaue
Psgmsi himngaufunsndalugaamassy 1us hiawnsoazawldngunglia
gungiinniAanaidludugs Tiflanuasnudennuieu nsa wazusufouly

a "y @ ot [ = P Yy 3
NITUIUNITHAA vlﬁJiJﬂ'J'mﬂﬂﬂ')ﬂi’)ﬂ']itl‘]ﬂl‘“ﬂlﬁ%ﬂ’liﬁ$‘a1ﬂ HATUA NN HUAAT WQVI'ﬂﬂ‘lﬂ

[
o

a o dda d a a 1o ‘ﬂ v ¢ A
HANNUNNUAUNTINA Ha3ﬂulﬂaa\iqnﬂigu']mﬂ'ﬁwaﬂiﬂﬂquinl H (AN llazlﬂﬂqa,

I £ 4
a 2 o g

Y o wa g a
2546) ﬂﬁuu\ﬂu'mUﬁﬂ\ﬁ’nﬂ’liﬂﬂlllliﬁiJ‘Uﬂ’U'l\ﬁJizﬂ']i‘UﬁNﬁﬁ'liﬂfﬂgﬁﬂﬁ’ﬁﬂﬁgﬂ%‘lﬂ'wﬂ’lw

a A EY 1 o] 9 a o o a a 1A o
l!ﬁ3711\1lﬂ3JW‘lﬂiﬁl'ﬂiJ13'dllﬂf]ﬂ151J5$Qﬂﬂ1“]51UNﬁﬂﬂmm‘uun‘ﬂﬂﬂﬂﬁﬂ‘il']ﬂiﬂll‘lﬂﬂﬂﬂlﬁl\? uas

A

' a o /4 a ¢ v g & o o
droaSunnuudswesiadindaninaassdin Meliweduuumalumsian
a o o oA o Y A a a a ' a4 2w
waafaalyaruinnnamssndlseddszuunasiidsednsamsely oanaduiluns
6 a a - s < @ a da 9/ a Yt
suiiunuauuTonewsyginuuwemodlunslflss Teminndagauitluieadund
J Q‘ 4'4 ) 9/ Y Q' =t SIA : G’J‘ aw
yas ity ez Ifinuasns luiesduiine ldmuinn i vazuenaintuauitsisees
| aw s 4 a o
aunsaldifiuuuamslumsiseuaziannms sz lemlnnsdanatlssinmndmoiug

8 9 1dd9ndaw



A3 NAT

v P o ]

o/ Q' o o 1 o l&
ndaeniidgnduedluilegiu fdudutdasgmuesFonz Jusonifeeld &9

9 L]
b4

PszmaInsegluwaiuinmunzuinswizdgnndae uaz Inandaunnlunauede Tasyn

maveatlsemaInemansalgnadaeld ufihlsefannuduinvesndees luunsnatounn

g ]

o % q’l’ (2= {19o o i 4 o

vnluasiniu uafiduisadunndiodlusaldviiausniinudgamoiuomis Yszmsuly
e s : o ] [ {

wouit 18195z Temlvesndrevuilunainu luvesndisminemnldvensoadaendulen

P ¥ Ao o & o A a & v ¢

flutlse Tend wagnaveandrsiiunsulsenu Wuiuiiifadiunnasnaeiuguinn
[} é ] o @ @ d" J 4 [

ndethdedisannu dou ldlimsfadonuazdS vl 1Adu{nATwSos Tagldmiolu

v o [
AsveewugAudefuIn

v 4 ¥
11 mynuUgnaY

' 1 4 g {
ndauilulfdugnuinalngfiongnaietl eglunszna Musaceae 1o Taidud

9
1

~ - o ¥ A Y a Yy a Y 19 Ya ' o ¥ A <
ﬂ'm‘llzilﬂ'ﬂllgﬂ 2-9-14a1g a’]ﬂu’ﬂllﬂﬂiqﬂlﬂﬂﬂaﬁﬂlﬂﬂlﬂulﬂ\110@15]9]1‘! ﬁ')uﬁ’lﬂu‘ﬂllﬂﬂﬂutﬂu

o 9 A

Srauidion Yszneuludremulundadumiu meudimuuvesdrdulssneudlslunazye
a a - Y o ¥ A A1 o A J o y &
asniufauInnganigveuni meludrduionsiivedudoninduludruiwrsmasanyn
dvesdidu sslidnvazdlunsadeunasiisarha
{ o 1 [ ' o

ndaufitlgniuannegluied Musaceae utisoamily 2 anaswudnuazaisuan

no Ao Musa (ndreuanne) launndrenlimsdgnegnag I luilegiu insuannensouan
1 o <) o ' &’ o

e woaunsoin ffuermsuasSudsenuld uaz Ensere (020 Tiuanne) sztiuilu

J o

fduiRed Jo1gdszana 27 wieunni wasudsemulils Weldudaudrduszaslyl

o o o @ a
Tdhwtlansooudule Tao Musa Wluananfinnudifgmarsygie
9 = v a & a4 a o [} o @ & 1 ¥
ndeliegnareriia SeliFoFonduuinuie se1elsha Wninsimans 14
4
wisnguadae iy s nqulng dil
t 4
1 14 U 1 @
1.) nd201)1985U1A1 (wild ornate: Musa omata) ndaothlunguiligniulu
P I = ' v LY A P a4 v ' 1Y '
Uszmalnsuoumanile FeisuGunnndavliz nieeniEenyednail ndaeih
t 4
2.) nd01hezAaiu1A1 (wild acuminata: Musa acuminata) nd01h lunguiid
ﬂéﬁlﬁﬂﬁu 5 wila 1A1LA malaccencis microcarpa seamea banksii {l§i% burmanica ﬁag:uws'ﬂaw

4 ] 1 a d¢ °
Tuilszmelne o195 uneResdn ndaoned (aaval) ndou (uns gasand uazdln)



4
3.) ndsethunadiieun (wild balbisiana : Musa balbis) ndwihlunquididisu
o A 1 9 =} A ~ A 9 1 F =] 9/ 1 1
Gon¥o11ndA 1N NT001UTENTONDIIT NAIWNBIAT (UATATEITNIY) nd2e1)1 (UNS
A1the) Tegunsnarenidszmelny
o o a a { 1 1 Y
4.) ndavlumeWugozAaliuiai (acuminate cultivars) ndruiioglunquilil
o y 1 9 d A 9 [ 14
wawug 1dun ndauduilouns ndaely ndreveu
a a Y a R . . v
5.) ndwgnwauezAadiuimfuuiaiiBout (acuminate balbisiana) WUFAAY
[ 4” [ ] 9 @ 9/ LY bl : 9 Y
Tunguiildun ndaedan ndrednyn ndaeh i ndrsurewgn
ndaefdgniudsemuwali 2 Yszian fie ndreisuilsemunaaaiiiogn
g Y dy =Y J o & -
AW HUAUTAHONYITU T8N banana LNNETUN sweet banana 1159 dessert banana Y159 table
] 3/ :‘ 9 9/ P} 9/ oo o o L)
banana 15U ndw1i1 ndrenew uazdnlsuinnidundifullseniunagandanaiivi i
) A = 1 g/ a dy & 3/ J Yy A 1 o
dunTouwn Ilifionon ndruvialinaaaiiogneznizdie sareudisda T Sudsenu
‘iinsou 5un plantain 150 cooking banana Isunduvinyn nd1undie (1ud giad, 2505)
4 a d 1
AdwUIINTFeN19INeIMans 1 [Musa (AAB Group) ‘Kluai Nang Paya’]

FY @ o‘dy A o [v [ Y o o ) =
Wundroiugiudesilinisdgnuinluun 4 fimdanouauniald Gaindaezar Jaanil

'
CY

unENa uazaava) Taowy ldwinismiageva fdovasialfe Srdudongalszsuna
2535 was @udiugudnaianna 15 wuRwas Sdulifidonlsednhunane nmud

dudnludifuraduaany Awluddendusy Hiln dunanlufifien nSeesanmediudie

b4
A a v

suuduAuay Auase lifivy aendiddevas ludssAugdlddeudretlon Yarsunan

o J L% T é
Tudsgduduay ludszauiidvrudusum duluduas wsonileldszae 7.8 3
eb ey =1 [] o a
niladilsgina 12-14 wa wadlvinaduiugudnailszinm 3.5 wuRuas wagnd
A s/ 4? P} A 3/ 47 ] ° o o 1 9 a g Y o
massondu lsdivifessudy Weuiumuzdmiuivun wy ndieuwd d1aduiia
Wiy quagane Aarfey, 2545)
a ad a PRl . .
nawAuli¥omaIneemneans i1 [Musa (BBB Group) ‘Kluai Hin’] 1ilunday
@ r{dy A Ao o @ Y o @ ~ a
Wugiulesniimsdgninnluwe 4 Timaneuauniald Fwdaszar dami usnsna way
o [} 4 1 a o
asva) Srdufongarlssuna 3.5-4.0 was @urugudnaisninadl 15 uRwas nmud

dudruueniidmifer Tusauaz lifiszdr Aulufididon Aululifdes Uaiizy ey

= o 1 [
Yawuu Hivauns Tua AuluBuasdy waliglsindendruduinene udvuialngni

4 4 am i .
wientalidszanm 7-10 w3 wilandlidsznm 10-15 wa illoqniidinass aasildgndae

9 ° Y a ' & Y] Ay Y w ] = a
ﬂ?Tiﬂiﬂuﬂgy}Tiﬂuiﬁ‘]ﬂ]ﬁﬂﬁﬂﬂ LHUAN Y13 (FOUNAIWUIVY YIIAUNA L‘ﬂuﬂu TUITAYIN



[ ] - 1 o dy o - A o Y ey & LY J FY P
DIDBUAINTISUANNY UM UG IUDUTIHODY manﬂwqmzuamamﬂu‘mw saz"lmmwm

v 4 4 a v
Sudsgmuanntsdu (tuyana Aoy, 2545)

2. ams¥ndae
2.1 Pinaeziilaavesanisvnde
9t a a 4 9/ 1 o 3 s o
lafimsnenudsunuesilaavesamisynde Buanarefudusuyiiaves
v
Y s o a a I'4
Wugn&10 (aAaRa Table 1 @491 Kayisu 1Az Hood (1981) nwuilSinaeziilaaluamidandae
16 % Ling tazanz (1982) wutlsuaesilaaluamisyndas Cavendish 19.5 % Garcia 1ag
Lajolo (1988) wutlsumeziilaaluamsvndis 17% Waliszeweki uaznaiy (2003) wu
PnmeziiTaaluanissndas valery 40.7% Eggleston ttazamiz (1992) 14510amTinaies
a o 9 . 1 [] .. Y o -
iiTaaluaa15¥naau plantains 8gluya9 10-11 % Siriwong tazamy (2003) 1dvhinisdnm
¢ - s w o &4 ¢ Y o ¢ ¥ 3y
ssntlszneumaniivesan1iyndan 3 mewug Ao anisyndaeinyn aassndletivhaoy
=1 1 e e a o o < -1
wazamsyndleail wuniiUSnaesii Tae 30.94%, 31.98% way 31.92% MNEEY Feezifiy

J 4 3 a8 | o '
TdhamivnnndreiuthuvesInefifinaesiiToa douthage
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Table 2 Shape and size of banana starches from different varieties.

Varieties Size (um) Shape References

Green Tiwan 20-60 oval and irregular Lii et al. (1982)
shape

Crillo and Macho - oval and elongated Bello-Perez et al.
shape (1999)

Musa paradisiace 8-20 ellipsoidal shape Millan-Testa et al.

(2005)

Valery 15-40 Spheroid and Kayisu and Hood
elongated shape (1981)

Kluai Namwa - Triangle shape Siriwong et al. (2003)

Kluai Tanee - ellipsoidal shape Siriwong et al. (2003)

Kluai Hak Muk - Elongated shape Siriwong et al. (2003)
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Table 3 Crystallinity type of banana starches from different varieties.

Varieites Crystallinity type References

Macho and Crillo A Bello-Perez et al. (1999)
Green Tiwan Lii et al. (1982)
Kluai Namwa Siriwong et al. (2003)
Kluai Hak Muk Siriwong et al. (2003)
Kluai Tanee Siriwong et al. (2003)
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pariraiFe Quugligegalunisiianaid luiwdu(peak temperature, T,) 8gluE24 75.26-
7747 sarwaivd gamgiigaiiolunisifiamatd ludi(conclusion temperature, T MY
82.40-85.47 BerraIBLd waznasnunasuulasszninmsifanaid uadueglugas
18.61-22.66 J/g
LA 4 d EY
2.3.3 audAnINRIAveIamIYAdIY
o =1 4 a g . . s
Taoa ludaudinaasyndaeliniswosdafou (restricted swelling) uazfinnung
ARens 1M oU(good stability) Tt Zhang tazame (2005) 1RT1U5WHaMIANYIAIY
= 4 a 1 = 4
nitaveufladonvesaasvyiiamaqiinnududu 7 % @b) TagldinTeq Barbender
. @ { 1 4 =~ ad a
viscoamylograph Aauaiaalumsed 10 wunaaivndro@er Valery Hguuglisunanny
. ] [] P 1; 1 4 " @ 1 1 o
HilA(pasting temperature)og 11329 67-70 °C Fadnnaarsslunguigiauagnnamssen
Ca o A ¥y d 4 o ] ¢ & o ' ¢ A o
NQUNYHI FaudasIdirudnuudwsaneludaaaisiudwsinaari slunquivemia
4 a . . d ' ' 4 o ' 4
HaLIBW130N1 Peak viscosity Y84aA15¥nAwNY N Tf11szana 960 B.U. Fedniamisy
1 @ =1 v I3 Qs ; ] o ' ) N
Tunquitsvnaasldiruhamisninndlsiiniswesdadnamsylunguiteia Tugiaves
v y o a _0 = ' ¢ 9 - ' ¢
nsldanudeuiigamgll 95 °c flunal 15 wiit nuh amssndrelinnunilagenhansy
a P o & ' Y ¥ Y v ad o
suquazimslasundasvesnnunilalurrsvesms ianueudssuaadldimiuiiamiy
Yy o % b 9y :d' a ] o v .
nadeiiauadaemsIianuion wenantiflensisanlugisveanisiildioy (cooling)
& 4 ¥ a a4 4 4 yd 4 a o o
WuamivndstaNuniaugsrudwaasldmutanuminsa lunsifes Insinadu
Siriwong LazAME (2003) lAdnsinmiguantAannunilavewtiullunves
4 o o @ &
amiiyndae 3 Wug lulszmalnefie amsynnndroinyn Musa ABB) dsii Inssadranin
a |ja 7 v :‘ Y 1 2 =
uvy B H5ue eeluTeddszina 30.94% amisyninndanirdinen (Musa ABB)Hdl

Taseerfananuuy B idsuaeslTaailszana 31.98% uazan1s¥91nndauniil (Musa BB)
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A o a e P 4
Fatlaseadamanuuu ¢ HdSuimesiilaaszuin 31.92% lavldin5eq Barbender
P as 'S : a o
viscoamylograph AsgAUAMUITUTUYBITAIT YN 3 ¥ilA 6% pH 6.9 lAwanisnanssfaudas
{ 3 aa a ¢ o a t [
Tumsnnil Tasnamsnaaesnydl guugiisuRannumilavesamivie 3 siinaglugas
] L4 [] =
78-81 °C (Initial pasting temperature) UALWUIITA1TFVINNAWATIo2 TiNUNITIAA Peak
. - vd 1 A e o o ¢ ¥y o a Y o Y o
viscosity FautaasldiiundiolSsudivuduaaisyndaoia 3 yiaudranisveinndreaiill
o o . . ] o o o 3
NISWBIAIRIYA (restricted swelling) uaasiinnudowd lhihaeiuseaoludinanissla
] o q’: =Y a e' ] n’:
Tiwnn uazan1s¥ennd e 3 ¥ANUNITIAR breakdown AIAAINAAITFIINNAILN 3
a o o 1 ] ' & 4 - ' s q¥ g .
FHANAMUAIAIABA NI OU UANUMTINNTUYRIn MUNTIA Tug 99095 I 18U (cooling)
& ¥ d 2 a a o
Fauaas IMHuDIn NS0 lumanas Insnmdu
Nunez-Santiago uazame (2004) ldMinrsnaassdnuinganssunis Ivaves
o o o =& a { [
an15snd0eeRug Macho adiv/Sumes lulaadsvunm 40.7% Hszduanududuves
4 14 1 v A b4 & o & . . a0y o
AN FNAVIVUANANNUAD 3-6% A01ATBIIAAIIUNIIA Rotation viscometer NADAIVI
. . v e 2 -1 P a 0 e
N3INTTUON (concentrict viscometer) TauiaNidns ueowu 0-700 s* Ngaumngil 60 °C Taowuih
o P ° ' A o Y oA o a ' a o
8A3INTINBUAIY AANurilavesamTyndlelininan  (SenA1ANNIIATIT zero-shear
. . A a o - - J v 2
viscosity (77, ) tilalimsiudasnsiou anunilavesaarssndeeziidanaslunnqnny
Y ¥ ¢ Y g Y =& v d & Y o~ a
Wuduvesamsyndonldlunisnanes Fwaalduhamssndoiingdnssums ina
i a (Y] 1 o
1YY Pseudoplastic 13® shear-thinning (aziioNa1sandamariinis Iva @wuhaasyndoe
NsLAUANUTUTY 3%, 4% 5% waz 6% Naawiin1s Inamiiv 0.60, 0.61, 0.54, 0.25
o o & v Y A | & . . & [
awdrdudiaeandesfiumAriinis na (e lnailszian shear-thinning 1Hok1n1s
Py P=) ' A o FYEY) I'd 1 @ P Yy 9 4 v
alfsuisuainnuviiaianududuvesaas suana 19ty e uduvesaais¥nda
dy 1 A A : 9/ 3 4”4'{ & y 9 o a J ' 9/
ey Aanumilaiisngaliudie Netlilesnn dennududuvesaminmuiiudwaling
a o an 1 L4 A é’ A 2 - 3 4'4 ) & 0
faduasnzerszninee Tuanavesamsmiugediu anunialuiuiv WeReisaniem
o ¢ o Yy ¥ VA y g < A &
drtims Ina@m)vesamsyiszAun Mgy 3-6% wud Weanududuvesamismiugaiu
t W e a ¥y d 1 A ¢ o 9 g 2 -
aawiinis lnafidranawaadfinudi dieanissiianududugaiuseiinnuiiu shear-
2
thinning 1YY
9 o a o 9
Bello-Perez tnznaie (1998) 1avnisAnungdAnssums lvavesamssndae
4 4 Y
Tae141n304 Brookfield viscometer ttaz 1¥anududuvssaarssnde 5% hnldanudou
{' ~ n’l’ ° v g Y o & o 9 @ 1 A Ao P
Whuan 15 uag 30 WiH adum deu udnhamsyn ldudasnnunilafisasinsney
1 o 1 L4 1
UANANAUAD 2,4,10 LAT 20 pm INMINAABINYI ANNNTIAvEIEMTFAdBvziia

! Y A 44 & & s Y A o
lﬂaﬂulkﬂa\?‘lﬂﬂ1uﬂﬂ5'}ﬂ1ilﬂﬂuﬂlwu‘uu Tﬂﬂﬂ'ﬂlﬂ‘iUﬂ‘ﬁﬂ\iﬂﬂ15‘Kﬂﬁ?ﬂﬂ%ﬁﬂﬁﬁluﬂﬂﬂi’]ﬂ'ﬁ
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A A J & 3y o 1 J v a a . . A
ROULINUYYU cmu’dm“lm‘nuammswnmuqumniiums"lﬂmm*u Shear-thinning UA¥(UD
= v y 1 & d y

uJ?uumuus:ﬂznaﬂumﬂﬁmwsamﬂunm 15 182 30 HIMNADANHHUAYDITMITYNAIW
1 4 { ~ 1 4 ~

wuh aasendaeiildanudeuduna 30 wi exlinnumilaganiaaifandasildany

) P o o ' o A Ao A

iﬂmﬂumm 15 U uazﬁmwnmowumaminJatmmlaammﬂuﬂmmﬂmsmﬂu 20 rpm

P g S < A 4 v 4 Ao -

UNIINU mammsﬁny1mnmmﬂauuuﬂm"lﬂmmmmﬂuﬂ NOAIINIIINDU 20 pm
oA P A = Y o ' o 9 o a a

WU’J'IENE’JL’J'L’I']L‘].JE‘!EJN"I‘IJ ANUNUAUATIAIN uﬁm‘lﬁmmmmwnmmﬂumeﬂﬁa‘nuﬂuﬂum

g oo . . .
Tauilou wuv li@unuat (Time independent Non-newtonian fluid)

[y d Y ad Y &
3. fniﬂﬂ!lﬂiﬁﬂ]i”ﬂ?ﬂ?ﬁﬂ?]uiﬂuﬁu
o Y ¥ & {] v Y ' ¢ e -
ﬂ'liﬂﬂllﬂiﬂ')ﬂﬂ')'lﬂiﬂu“ﬁu! Uﬂ151ﬂﬂ']’liﬁﬂu%ﬂﬁﬂ’]i‘lf‘nllﬂ?’lu‘h’uﬂ’\ TﬂU

aaunginlddeudiugungiiiqaniigungil glass transition temperature (Tg) uAH1N

L]
]

gang il

a a o . . . 4 ~Aq 9
mm%am"lmcwu (gelatinization temperature) YOIAATY an1aeilyluy
) -4 ] d { a
msanumsaanlsaleanudeuturdwaldaarsyinmsalasuuda Inseadsuazdsun
Wan Aidansnesda anwawnsalumsazats anwunila gumglinsfanald luedu
a o Y ' 9 I ¥ 4 o A
M5Ras INsATATY AMNEINISOYDINITUBIAIENTALAZION T3l 1@ lUaA 1S YYD AT QYN
A o ¢ @ o o A o Y 1 4:’ = 1 a
¥ uazaas¥el nssaudsaaissaniyiadisanuieusuiinanenisiasuuias
wa ~ [ o I'4 o o s
amlamaniimenmananhmsdaudsamsrnaisasegaduazamisaniyiy (Hoover
dy ] a 4 P} o r-] Y 3/ dy
and Vasanthan, 1994) #9n1nHNU M sAALYSaMITTIINNYY AT NYIINAWANNITOUTY
fnaldinsdsundassiinuesInssaduwan (A, B, A+B) (Hoover, 2001) 1194910013
Y] ) ] o a o aan Iy [ ]
fasved InivesmsTuanavesanisy madiaduasasnduseninaeluegaszninems
Yo LY A:l a @ [y 9 3/ dy ﬂ
185unudousuluuSiinodugiu (amorphous) nisAausAdeaNNToUFUITUMS
o wa S M 9 9 at o s v A ¥ 1 a a
wasuudasauiifvesamssnsia i lndfssduamsynnsaieldun s219guugiinisiia
a LY LY] [ = o o 1 9
wam sy mswesdd wazns 1swasvesutlauilonvesaasy uazdanunlnseadng
d o o 1 a P o
wanvesaasTurs dinsRsuasnyia B Wunuy A+C Fendedulnseadiendn
g 9 o &N A @ P o 3 Qs a dy
aafrdInanasSyReduq  syavvesmsilasunlasinudusgiudumnnuiy

14
[ ° a I'4 a Py
iz‘n31~1ﬂ15ﬂ1ﬂ151ﬁ'm1u§'6u§u FYUAVDITANTY Lmzﬂimmaxniaﬁ (Hoover and

Vassanthan, 1994)
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o Y, y A ax v J
3.1 wavesminaudsaleanuIeuruneauiamalasiasvvesamsy
o ] o o 9 4
anvae Ul Az nnaveuliaamsyansaasivaou 1ddrundosgansssniuu
a g 1 ¢ @ 4 1 { o
dlanasou (SEM) nunamssnrumssaulsdlsanuioudubiimsn/asuulasdnuns
' o o da d o 1o o &
sz vnaveadinamssuazNHveulaaass lulinsidonie seouan sunms
Y 1Y) a1 s & Y d 1 o o A P 9/
aautlstazdnalinnuauysalmilounuamisneusinisaaus tesninaniizhlylums
LY t g =1 a =y o 2 a 1 q’;‘ o’:
sauds i lddaaaswAanmsnaid lurdu'ld Tfsanisadeundasnelumniu vl
s o Y] J
msnaudsluan1s¥ Ny uasN¥351n (Gunaratne and Hoover, 2002) @#15%¥417a13uas
d o o ¢ @
a5yl ues (Kulp and Lorenz, 1981; Stute, 1992) @4013%02 (Hoover and Manuel, 1996a;
o o
Adebowale and Lawal, 2002; Adebowale and Lawal, 2003) @1#13% yam (Lawal, 2005) 9/#13%
1 (Adebowale et al., 2005b)
A o -~ a - ¢ A o Y Y &
Wevhmsanuigduuutesdsnunanvesamssnaiunmsaaulsaleanuiouu
% ] L' a Py Py
fwnies XRD  wunzduuukdnvesaaisvinsrialimsnadsunladlunn@udenn
a { =Y o a ¢ o o
uwuwdnwide B nffeudlugtuuundneiia A nie ¢ dwmFvamiviudiuwazandy
yam (Stute, 1992; Kawabata et al., 1994; Gunaratne and Hoover, 2002; Kulp and Lorenz, 1981;
Vermeylen er al., 2006) mulasumlaszluuumsiafosdrveswdnuuy B duuny A
aunsotuduldTaensnsrnaoudlnn3es°C CP/MAS (Gidley and Bociek, 1985) LagHUN
g g ] ¢ o o @ P 2
aMIIN1IBUBY (Arrow root) HazamITHIUTIUzndsimsnlasuulasgduuunanen
a =1 ° o ¢ et =2 1 7=
¥iin C iU A (Lorenz and Kulp, 1982) dwmsvamisynigduvunanuuy A wudvhifins
A A o v y &
uJaﬂumJaaL:Jﬂmummmtﬂ:mammsau%u (Hoover and Vasanthan, 1994; Hoover and
v
Manuel, 1996b; Adebowale et al., 2005b; Kawabata et al., 1994; Lawal, 2005) Honv1niidedl
aw o 1 a = 3 a g ot Jd g d 1o 4 ..
QUIITEANLMYSNuRanYesam s yUeria ldun aa1syi1Iusad ansy titicle uag
d o o o t 4 ] [
A s¥IUA 1A (Lorenz and Kulp, 1982; Abrahum, 1993) Uataaasdioriunisaaus
14 3 dy ° @ o o & P ° LY 9/ g .&' &
AWANUTBUFY dMTuaaITsNINTyNruIITianiIimsaaulsalennusouduiile
; P 4 p
asnaougduunlnssadwdndiuases XRD wudialndmuiuin 2 fin Fuiuiinves
[ kY = 2 a Yyt a Y- as ﬂ a g
anvae Iassadawanuuy v aetuieldiunanstasssdutumsdsenoumFadouves
pziiTaafululiu (Kawabata ef al., 1994; Lim et al., 2001) Lim stazame (2001) 1Ahins
[ 4' 9 a g =Y LY o 9 A'
asvaounasUn g lunisvasyazatasdseneuWeadounsl laadu luiudunToq
4 1 as 1 a o Y
DSC luamisydnInanuimdsnuinldlumsvasvazarvasisenouFidouosiilaady
s 1A .3 a 1
lusfufinuiudy Hoover 1A Vasanthan (1994) uay Hoover (lag Manuel (1996b) ANUN

[ 1 4
PnmeziiTaasing luamssdnanduazaaivdn Inafidhasdaunlsdeanufoudull
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] d' r-1 o A [ 1] = o = LY d' -3 1
fanautisunniimsiaGesdr Inivesmeesilaaduysua lviuiivaunionglu
d v o 9/ y 47
amirsenIemsaandsalenul auruy
[ b Y :& | QAS\ £ 3/ :i d
3.2maveamsnnulsaennudeusuneaniamantNvesamsy
o 4
3.2.1 wavesminaudsdeanudeurunsauiinnennudon
3 o v y A wa y ¥
NAMIANYIHAYDINITARULLIAIeANSsuTuAaTANIIAINToud Y
4 @ o {0 o Y a = a @
309 DSC Taena lamssiimsdausdrennuiousuligaungiinisiamwaid luesdu
P S s g a ¢ v ¢ o ¢ A - ¢
(To) gawu Meluamizdima amsednine anivas amsyiyiuasiysn aaisy
LY d o o o 1
YU a5 vUUA5 amw%’nﬂn (Kulp and Lorenz, 1981; Hoover and Manuel, 1996a;
Hoover and Manuel, 1996b; Collado and Corke, 1999; Takaya et al., 2000; Lim et al., 2001;
14 y
Gunaratne and Hoover, 2002; Adebowal and Lawal, 2003; Adebowale et al., 2005b) 1144l
A d o 9 1 A a a 9 o
waannnaamsynumsaaudsatennusouFuinslasuudasnislulassadnvoudia
o 4 o o 9 t a o aaa 1 a
an15y Famsdoundaandng 1dun msifasuasnseseninmevstosiilag (AM-AM)
¥
UazMsNaduUAIAsEIsE I eesi laauas luiii (AM-lipid complex) Wonviniinisaaulls
o 3/ :; 1 W ¢ = Y- o v o =Y ° Y o
dwanudouiudinaldTueganisluamsmamsdad s Imifdussdoui Idiuse
3/ o ¢ = o é’ 3/ ¥ a a a o
molulassainveadinamsvinnuudaussiudosldguugigalunmafanaid lusdy
1 s a o [ d
(Hoover and Manuel, 1996b) aaunasa1u lumsinawatd luwsu (AH) vosaaisyluua Il
& o] = 1 . 1 Pr Ui a = 4 a
anauHBINNNATINMIBINALIY (double helix) U1IdIUNOY luLSHUKNANYBIAAISTOIUAA
&
MINAWADEIVINAYY (Hoover and Manuel, 1996b; Gunaratne and Hoover, 2002; Lim et al.,
o s [] ~ ) ~ o =% E) a A é/ 4' (]
2001) amm‘mwmqnmQnﬂlumimﬂmam-"luww (Te-To) Htur TdumwnIUIBH Y
¥ ¥
asaaudsareauisuFuiitesnnmafasuasAseseninmwez i lagdvesid lad
(AM-AM) oziilaafduszilamadu (AM-AMP) n3eaivesiilagiuludu (AM-lipid)
4
sernamssanlsalonuieusy (Hoover and Manuel, 1996b) Lim uagas (2001) Wy
a [y 9 Ay o o Yo ¥ 'i‘_l
nmsaandsarsanuieusuluyinsdiilddnyauzvesnsmnisgannudowdunuy
a I3 o
luvh@n (biphasic endotherm) luaaswdimduazamiadialna (Donovan er al., 1983;
Lim et al., 2001)
(¥ b & \ U
3.2.2 wavesminaulsAeanudeuruneanuansalumsnesimasmsazary
k4
msaaudsdrsanuieusudinalididideniswesdauazanuainsalums
}
azawanaIaIN1InetuIe lanseniemssaulsdrennuioutuernfiadunsnsesering
mgluanavesesilaa  (AM-AM) awluagaveseziilaaduesiilamadu (AM-AMP)

(Hoover and Manuel, 1996a; Gunaratne and Hoover, 2002) Cooked 8% Gidley (1992) 25118
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t o aa o o I é’ a o an |
'J']ﬂu%iﬂiﬂ'lﬂ'wluLiJﬂﬁWli‘]ﬂL”lNlLiQiﬂﬂ‘Uu ﬂ'ﬁllﬂuNﬁM’li]']ﬂﬂ'lﬁLﬂﬂﬂumiﬂiﬂ'ﬁ&’ﬂ')']\iﬂg
a o 1 [ 9 9/ dy A Yo o Y]
nTammz"lﬂmuizﬁ’mmsmuﬂsm&mmseu%u maﬁawa1nn1am1swmmmm TﬂUWU
o ¢ o s o
luamissaiy an1sra? uazamisNsiuazNss1n (Hoover and Manuel, 1996a; Hoover
and Manuel, 1996b; Gunaratne and Hoover, 2002) Tester 482 Morrison (1990) 9 18IUINS
a a g 1 a o -1 o S g
lﬂﬂﬂ'lﬁ_ligﬂﬂuwf\‘lclfﬂ‘hﬁ&’ﬁ'J'NE]ZIIIﬁﬁLLﬁ3111111!51TUiulNﬂﬂﬁni‘B'UﬂQﬁﬂ'ﬁ‘]f‘UTJTWﬂlLaZ
L4 o g o o Y o
ﬂﬁ'li"]f{h'ﬂwﬂn’iﬂﬂ')ﬂgU']JUQﬂ'Iﬁ\?ﬂ'I‘iW'ENﬂ'JLLﬁgﬂ'J'mﬁ'liﬂiﬂ‘luﬂ'liﬁga'wﬂlﬂsimﬂﬁﬂ']i{‘lf”l?’{
(% v v & 1 & d
3.23 Nﬁ‘uaﬂﬂ'l5ﬂﬂ!!‘l.l§ﬂ'3€lﬂ'J'liliﬂu‘liuﬂi)ﬂ'ﬂuﬂuﬂ‘\lﬂﬂmmi‘l!

a d 9 9 dy 1 3 e 9/ =1 ¢ d o
ﬂ'lﬁ'ﬂﬂllﬂiﬁﬂ'li‘lfﬂ'wﬂ?'llliﬂu‘lﬂ‘lﬁ\‘mﬁﬂlﬁfﬂJUWVI'IQﬂ1ﬂﬂ11ﬂﬂuﬂ‘uﬂﬂﬁﬂﬁ‘lﬁ’m1

I

A153A4201A589 Brabender viscograph %38 RVA fimsuldeumlasll Taswuigungd

a o A ¢ @ | S o o 3 . s

Suasundasanuniia (Tp) vosamswdunis amisd1alon aa1ie lentil UAZAAITY
~ 1 1 & 1 @

91170808 (Kulp and Lorenze, 1981; Hoover and Vasanthan, 1994) umqwutﬁamumiﬂﬂuﬂs
¥ Y d ¢ ' o o 2 4 q

AMeanudoury issnndaaarsyauisonuseanuiouldinntuitesninanuudaus

Y -1 ¢ A a J o 1Y 1 A a1

voanuseMeludiaaa sy MANLINAY  (Stute, 1992) AMIUMANVHUAGIGA (Pv) UM
s aa 1 o a J o s

anne duasnsviszninemnonazatsluawvesTuanaaaiunuiy ldun msifnduas

Asoduvesaivesl laguazozii lainady (AM-AMP) uazawezil ladiudlla (AM-lipid)

1 4 1 4
senamsaaulsdrennudoudu  (Hoover and Manuel, 1996 ab) WBAIINUUNLIIAT
¢ @ et 4 ] o 4 4
breakdown (BD) ¥aedas¥aaliaanailerumssaudsaloanudousuiisawiainms

@ Y

] o I's 1 Y o o 1 Y A .3 ~<
ﬁmtimm“lﬂumﬂ“lmmamwmwa111mﬂamswumammjauua:usamaumnwwmﬂ

Yy

a1 ldtlouas (Adebowale and Lawal, 2002; Adebowale and Lawal, 2003)

s v b4 d’ ' A S a
3.24 NmlENmiﬂﬂ!!‘Ijiﬂ’wﬂ’J]Niﬂuﬁuﬂﬂﬁuﬂﬂﬁiﬂﬂﬁﬁ1ﬁﬂﬂ

]
[

. ° o = a g o =
Eerlingen ttazame (1997) lavnsanuiaudiada Indaafnuesaaismivelsan
k4 t
mumsdausdrennuiousu TasAnyia storage modulus (G') Hgamgiinazanududu
1 1 ¢ o J ' 13 4
ANY (3, 6 WA 20%w/w) WU G’ ﬂjmﬁmimﬁmmn’fm’fquuﬁmqwu (110911910
e a e Qs o d' 1 hd 3 ] g
ﬂ'liWE)\iﬂ’Juﬂzflﬂ"ﬁ!ﬂﬂﬂuﬁiﬂitﬂﬂu‘UFNﬁTUTHlﬁQﬁﬂﬂgiﬂﬁﬂuNTﬂﬂlu wagwuNMsAauls
y Yy 4 o a , ¢ ar A 4 T4 A 4
dwanuiousuimldar G vesamirinunuiu Netiitlounnnmsnimsnasuuilas

gy d ¢ v d ¢ o a4 4 o o
ﬂ]ﬂiuiﬂﬁﬂﬁi']\uilﬂﬁﬂ15‘5'&1\3Nﬂ‘lﬂlﬂﬂﬁﬁ'ﬁ‘]ﬂlﬂ'J’]Nllﬂl\uli\iﬂ'lﬂﬂuuﬁzﬂ'] INT1THDIAIUDN
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(Y] v ¥ & 1 QA a o (Y]
3.25 letNmiﬂﬂmjiﬂ‘Jtlﬂ’n‘uiBuvuﬂﬂtﬂmﬂmimﬂﬂﬂilﬂimvu
a o 4 4 o o
fniﬁﬂy‘lﬂ‘lilﬂﬂ?Iﬂ5lﬂ5!ﬂ%u%ﬂ\?ﬁﬂ‘ls‘]ﬁ"l‘l?IWﬂﬁ’aﬂlﬂéﬂq DSC ﬂN1uﬂ15ﬂﬂllﬂ5
9 9/ A" Y a oA o ¢ At @ g v d o
ANWANBIOUYU WU31ﬂﬁ51ﬂ‘|5lﬂﬂ5T‘Vﬁlﬂilﬂ‘lﬁﬁ]ﬂqﬂ?r]i%ﬂN‘]uﬂ‘]iﬂﬂllﬂSLi')ﬂ’J“ﬁﬂ’]s‘vﬂ
(K| [ 1 1 d 1 =
1“W1un15ﬂﬂllﬂ5 (Takaya etal., 2000) “ﬂﬂ']ﬂﬂ‘liﬁﬂy‘lﬂ‘]ﬂ')‘]nuﬂm (Hardness) AINIINITAR
d o ' 4 d 1 s -
(AdhCSiCVHCSS) i]ﬂ\u%aﬁﬂ15%uulﬂﬁﬁﬂ1aﬂanﬁﬂﬁﬂ’li‘HN']uﬂ']iﬂﬂuﬂiﬁgﬂﬂ')‘lu%’ﬂu%u
(Collado and Corke, 1999; Singh ef al., 2005) BANYINITIAAS INTNTTUAIWITNITIA
= J 4 - . s ¥ Add 1a a
ﬂiu’]mu‘]ﬂgf]uuaﬂﬂ%’lﬂ (synere51s) il‘lﬂmaf‘fmi‘b'ﬂj‘l'ﬂWﬂmJﬂiSJ‘lqu)zilTa’dﬂ‘lu NANLAY
1 a o o A LY 1 1Y) g d’l & o/ b4
quu31ﬂ‘|5LﬂﬂiTﬂSLﬂ5!ﬂ‘]fuullu')TuﬂJaﬂaqaﬂ‘N‘vﬂlﬂu Vmuluﬂ\jﬁ'lﬂﬂ‘liﬂﬂuﬂiﬂ')ﬂﬂj‘ln
g Y aa 3 a s o =} o
g@u%uﬁdwaﬁlﬁ'ﬂuﬁiﬂiﬂ‘ﬁzw)wTulaqaﬂ181uU5t?ﬂlﬂﬁmj11&ﬂlmluﬂﬂm{‘ﬂMﬂ’J‘mumuﬁ
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Figure 2. Hydroxyalkylation reaction of between starch and propylene oxide.
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% HP = s1uauvesInsnaulnanea (lulasnsy) x 0.7763 x 100 x 100 3)

:’ o ¢ A [y
106 X umunuﬁwmﬁmiwmummﬂuﬂ's

o @ A . . i P o
2.2.2 MINUINITAVMIUNUN (degree of substitution, DS) wazAIMIUNUY luas
{molar substitution, MS)
o i ) a 4 o 9) P
SEAUMSUNUT (DS) azaMsununluals (MS) Y8aaIs¥nNaIsnnIY

mMysaulsdqe38leasend Insmady amisadiuanldnndsuiaveseanesauay
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YSumveslensond Inshavesaarssndrumsaants Taoldaunish @) waz (5)

AMUAIAY (Paschall, 1964; Rutenburg and Solarek 1984 81alay Suwanliwong, 1998)

DS = 162P 4)
(Disodium salt) 3100 — 124P

4 [ o” @ o
o ; P = % Weaesa (Tasriminuisvesaniio)

MS (hydroxypropylated starch) = 31121 luaves laasond Inswiadu (HP) (5)

S Tuavesnisououlalasng lae
= %HP x 162
59.08 (100 - % HP)

@ v (4 kY o @ 3 an ac a
2.3 Anwdnyauzms Inseadnvosamssndoiiiudaudsanismenenmiasismanil
a a =S o b
2.3.1 Anwwtiauazdsuuwanyesanssnaly

= = 4 a i [
Anyviia uazUSunandnvesan1sronndroureng ez ndeAunAIuNSAn

4 [ [} 4 ] (XY 1
W58201n309 X-ray  Diffractometer (XRD) Taun353@20819am15% adlugosladindrs

1MTUMINITASIVADUNISUNTNAOAVDITIT X-ray YU 2(Theta) 119 4-34 (40 kv, 30

v
~

v ’
mA, Ag = 0.154 nm) furmaievazdSunanan Taofuiusasdwiuildianlingse
d’ = 3 3 = o '
#unnanuadeTdsunsunoununos
2 U =] 4 v
2.3.2 AnYUIsvBAlada T ¥R Y
Y T [~ o a a0
AnydnuuzjUinvsadinamssvesamisenndrouanguasndroiunisu
@ ¥ o 1 4
MsAaulsAu1n3ea Scanning Electron Microscope (SEM) lagii1d1000aassuInggay
Y v o a Y [ o W ' P g 1
MUULIMUAIt ThimsndsurmThvesfietiediones hdiethefimSsuaswdmndes
fwndes SEM Nmden1eq Tasdmuam kv iminy 10
a =1
2.3.3 AnpvuiauasMsnsENefivevInAiaaa1 ¥nd
Anvrvinauazminsznoiivesamsynnndlouangnuazndroiuihiunisdn
u1ls8201n509 Particle Size Analyzer (PSA) 14/ He-Ne 1fuumassuiianfuuasilinnue
] v
ATUBIIFY 630 nm  M3TamnsounquutiAeyma 005 Ha 880 lulaswas Tavldi
o Y ad ° = LY 1 ry o [
IMIER AT A ol (disperse phases) Rnsmsouaee1e lavihamivlssuin 0.5 niy
v 1 +
wuadluiinauudi ldifianisnsznedideiniesdansi Taila (ultrasonic) Yszurm 5

¥ 1
UM mﬂuuﬁ151’3@01\3"lﬂﬁ’mlmmmzmsmzmuﬁ"nmmumﬁ"mm?m PSA
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< wa a 9 o 9 o Y an ~
2.4 AnyaudABInTNveIEAs ¥NA N IUMIAan IR TMuAliLaTIEnIN
2.4.1 ANYIAAININOIAILBLANVANNTO TUNINITAZAY (swelling power and
solubility)
Anwmdamswesduazanuansalumsazmsvesamsvnnndasinamguag
Y a A @ - ¢ Yy v 9 3 @ Y b
ndruiununsdauls Teowssuamssanududuiovas 0.7 Tasiminuie anuu
° a a o o i A o
il ¥anudouiigangd 95 °c Whunar 30wt udnh ldimlseiianuiasoy 2200
] ~ s o 1 v 3 o LY o = [
sousouIi Wunm 15 wH himsgadivazaedulaudnirldeuuisngungi 100°C
s o /s v A a9 v Ao ° 1y <
vinduFahminamssuisnmasasedivotimulamsesasmsazale  (@umsn 1)
o Qs d =t ° o o’l Y ¢ Qs 4 o v o o
dwuazneudenamsyonlunasainnduhmingamisinesdaNodmuaigeans
WOIAD (FUN15N 2) (AALUa997n Schoch, 1964 1A Eliasson, 1985)
2.4.2 Anvaudamsifanaid iy (Gelatinization property)

wa a = Y 4 a {1
Anmnuauidnmafanmd lusduvesamivnnndrsuanguaznd vy

}4 Yy ¥

o L= o t S :' 3 o 1 °y o b & v oA 14
maauds TaomSoudetamivaerndaosasd 1: 4 Jasbminudy) maruameld
IWiRamugaiunat 12 %23 1ue udnhdedie ) Idaudeudiunios Differential Scanning

Calorimetry (DSC) 118031 10 *C/min 14¥39gm¥

2% 10-95°C (Lii et al., 1995) Hamstiufing
iiq

ungilisudu (T,) gungiigeqa (T) uasqungiiqaie () vosmaifawand iy uaz

9 Y

wasun 1Flumsidanad luadu (AH)
wa a I'd .
2.4.3 ANYIANTANISINANEAN (pasting behavior)
Anwmuiamsfamanvesaasyainndeursnguazndronuirniunsaauyls
A . . A d a ¥
#181A599 Rapid Visco Analyzer (RVA) lugamgilunara@ior 7.0) Tavlyarsazato NaOH
Wudu 0.1 Muazanzidlunsa ey 3.5) Tavldasasawnsassdandududovas 30 Tay

4 g o ' a a H a
wivuamsndududovas 12 danihminuiy) ldasludqvesgiition Aslusunsugungd

]
9

3

Y ) @ a0 A a 0 vy & o 0 .
wazina l¥anudoudsil srusniingangiinn2s ‘c 1Mgeiuludas 1.5 °C/min wnsen
< a 0 P <
fagamgd 95 °’c aslingan 9

9

9/ 14

v 3 uh vimiuney ) angunglasludasuheaiuoy
4

1]

= 0 P = A @ & P o A P
Qmﬂgn 25 C mvl’m'qam UUIU S UIN ﬁuﬂﬂﬂ1ﬂ1ilﬂﬁﬂullﬂﬁ\?ﬂ')’luﬁuﬂ‘ﬂqmﬁqulmz

) a '3 aa = 1
naAee Ainseganplisuduveimsifanauniin(pasting temperature) MANUNIAZIGA
(peak viscosity) f1 breakdown 1AM setback (Whalen et al., 1997)
2.4.4 ANYINGANTTUMS 1A (Flow behavior)
= a o kY b a A o
ﬁﬂBTWQWﬂi51]ﬂ'livl‘ﬂﬁﬂlﬂﬂﬂﬂ'ﬁ‘K%'lﬂﬂﬁ']Uu'N‘Wfllu'l!lazﬂﬁ')ﬂﬁu‘ﬂﬂ’luﬂ'ﬁﬂﬂuﬂﬁIﬂﬂ

= s o :’ o o 9 a a
wionaaisissauaudududosas 4 (Tastihminuts) udnhldianudoungungi
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1} 3 = 3 o @ -~ v F A Aaw A '
95 °C \Wumat 15 w9 wdni I Samanunilauazainnudunsunoasinisimonlugdg
g oA = 4 a 4 4 v o
10-1000 s Ngunndl 60 °C A20inT045 lodilnes (RheoStress, HAKKE, Germany) ¥4A0fi
LYY a ° o o o ] v
#2130iin coaxial cylinder (Z41) FmsAnyIANUFNRUTsEnIAANUniTALAzA A
LYY a d o ' Q@ a o LY
Weunudnsinisidon lugduuvaunisadiamans Mulrumdulssinianunidd
(consistency coefficient) Lmzméf‘nﬁ‘wqaﬂi JUMST IMa (flow behavior index)
LY = a . . .
2.4.5 Anvauliia Indanafn (viscoelastic properties)
va a o Y {4 [y
Anuautaalndarafnvossaanssninndlsutamguazndleiuiiniunsdn
a ¢ o °y Y ° {
wls Taumssuamssiseauanudududosas 8 Taniminude) 1dnild1¥armdeud
qanqil 95 °C e 15 Wik udai115aa storage modulus (G') loss modulus (G'') g
{ { o o 4 a a -4
loss tangent (tan 8) F9AWD 0.1-10 Hz Ngaivigil 60 C A2u1n3045 lodines (RheoStress,

[ ¥ W «a

HAKKE., Germany) c‘]?assieﬂumamuﬂ cone and plate (CP4/40) (V’nmsmaaﬂwﬁw linear
viscoelastic §05ﬁ1 strain iU ovag 2)
2.4.6 ANBINSNAS ININ5IATU (Retrogradation)

Anwamsiia Insinsinduvesamiznnndrouiawgyuagndoiuiiiunisda
UU38I0iAS04 FT-IR (Van Soest et. al, 1995) laoiisuasazareaaisfinnudududon
az 25 (Tagrhminuda) 1l Idamdenfigangii o5 °c iflunan 15 wdi i ldiduag
sunsziteguugiviiiy 30°c e ldidusnuiigangd 4 °c Wuszoznao, 2, 5, 8,
26,50 uaz 70 521w vAuS i TSamnsgandunmsdunusaiinudeas 1200-800 om”
furndadauves Tuanaiiadssfuuuindvigaediuodugiu ®sa) Tasdwamen
Sasrdauvesdimsgandunaefinnud 1047 cm? A 1022 om’ AnviAnFuiuiveanis
wavuuilasd1 RSAfDRAY
25 Anwnnuawnse lumsgndesdlensa

Anu1szRumsgniesdaunsavesamirnnndasuianguazndaoiudfidumsdauls
(Hoover and Manuel, 1996) Tnedsateamss 0.25 n3u @umsazaionsalelasnasin
Wt 2.2 Tua 10 mi Tl ufigumgd 37 °c smfuidaedas ifunarsdas 1 N NaOH 1

o/ 1

1 1 d 1 =1 1]
A0V IMY UM ILINAINGITOU 2500 50UADUIN Wumar 10 win uenasazarsdule 1

a a ¢ : aa ad . o
fiaaans 1UAnzridSuianimiaiaig 1ne5 Somogyi-Nelson (1944) UAAIAINIANUIN N

fMurmszAuMIgndesalsnsa Aaaunsi (6)

o 1 a :‘ aa o ey °y o’:
szAuNIsgRgauAenIa = (USIahmasag X 100)/ (WSnahmarianua)  (6)
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= v 9 = o
2.6 Anmanuannsalumsgndosdisou land
[ ] 's I's oA e o
Anmrszaunsgnossdioien lnivesaaisseinndrsuenguasndwiuiniunsaa
& o [ 4 o a
uls (Zhang and Oates, 1999) Tas¥iaI10019aA15Y 0.2 NSU WMNAITASHIW 0.1 M phosphate
= a an =Y 4
buffer (pH 7) Y3193 2 Uanans wurou Tasd alpha-amylase (porcine pancrease) 2520 U/g
q’;’ ° 'y oA o - o v ] ~ =1
starch 111Ut ldlufigungdl 37 °C Anvunidseuvesnsivgl 150 seudeuti laoiy
Y] [] 3 n'; 3 aan 4
§108131 5, 10, 24, 30, 48, 54 waz 72 2 1ue NNungalFisorveeulxl dwasazaw
o [ (] ) § o [

HeClL 0.4 mM 1vasadied1aumyumIssinauiz)5eu 2000 seuAswIf e 10
Is3 » s aa v A a o L o
Wi wenansazatedaula 1 faddas luuuiigungd 90 °c Wunar 15 Wil wasihly

a g |a :’ a a. . [ °
SmserUSuiaimaiaig 1aes Somogyi-Nelson (1944) LAAIAINIANUIN A AR IUIN

[Y U 3 d P
wﬂumﬁgﬂﬂeﬂmmau"lcxm AwaUNIIN (7)
[y v 9/ L4 = °y aa o a :l n,/'
5$ﬂumigﬂﬂaammauhn = WSwnahaiaas X 100)/ (UTunanhaananue)  (7)

= =Y ¢ o 1 L] g/ 4
2.7 fAnwnlSuaamirinuaemsdosdoon la
= ¢ 1 ' g 1
AnvSuaamsyinudensdeodloon ladvesamsyndrourang mneunny
wasmsaaulsd1e93n131003 Insinsiat 49035989 McCleary and Monaghan (2002) Tagda
[ 1 o o a :;’ ~ 4
Fet1eaasy 0.1 ndu lunasanirda aniuAvarsazatotonlad pancreatic alpha-
oo o a an ar o
amylase NH101'1%3Y amyloglucosidase (AMG, 3 U/ml) 4 fiaddns wan g v ldaelu
1 : =Y P =1 M &' a
snhinugugamnail 37 °C 191157 200 stroke/min 1um 16 $3Tus MInwANONIULA
= oA 3 o ) d’ 4 d’ = ]
(99%) 4 fadans udnihdet it I8 lUnyumlsenausi 3000 seuderi iunan 10
4 N v
wH maulans shaznou 1duiazasdenuea (50%) 8 Hanans wdnihdiedisn 14 1y
4 4 3 ' o i‘] a0 o A o a
wimIsafina1132 3000 soudeuil dunar 10 wiit hd 2 ¥ hasneun lduudu 2
= a Aan g o 1 :‘ [+ 4 a
Tua KOH USus 2 Taddas simiwi ldnaudiunar 20 widl Tusraiude diensunaudy
a A oy L4
1.2 Tua sodium acetate buffer (pH 3.8) 8 HaAAAT waziAueu las amyloglucosidase (AMG,
¥
3,300 U/ml ) 0.1 fadans Taoviuf wasuldididu udani lnelueraihaiugugumgii so°c
W 30w
z o @ ' - o =) a aa oy o o 9
1miuthies1efilausuySuas 1914 100 Taddas Aroindu sauldiditu uds
o A P o 1 P=} - o0 W 1 Py 9 A an
i linyumissinnudasen 3000 seudeuni iWunat 10 wifl hdreden 14 0.1 nddas

=Y

¥ ]
Tdlunasauda (%1 3 51) Auarsazais GOPOD 3 Hiaddns udnilihinfigamgil 50 °C il

Y
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na1 20 Wi udrvahded e lduiamnmisgandunasiinnuemaiiu 510 wiluwas dau

° = ¢ - 1 ] 9 ' 9 a
msaenIuny AnnadSuaamssinudenistosdloe lmi (RS) Awaumsi (8)
YSuaaarisinuaemsoovaioeulsmi RS %) = AE x (F/'W)x90  (8)

AE = annsganiiuuaevesdiedieinnueanay 510 Wi luimas
F = 100 (mg D-glucose)/ AINI1SAANAULEIUBI 100 (mg D-glucosedd NANYI
A 510 w1 Tuuns
¥
o a s ] o s
W = dhinudIvesiied wamsy (nSu)
2.8 Anwanulavendladlen (paste clarity)
=S ~ ¢ e @ a vy o 2
dnvanulavenilllonaamssnrmumsaaudsuazi lurmunsaaunls Tauwsow
= 4 =1 : o o o’: °
uthidlonaaisydnlatanudududosas 1 Jassihminudavesaaiss) anduirildlg
y 1 :’ 2 P} n’: aw yq ¥ o a ~
anudoulusrninden win 30 wiit wazasne 3oy o gungil 25 esAwalFen
a'l n’: ) o [ 1 ' 4
w1 $3lue antuastemmanylavewthidlvnaasreinaidovazveinisaosdiui
v b4 ]
ANUNIAAY 650 nm (% Transmittance, T,y,) 188141 nAuIu blank (Kerr and Cleveland,
1959 919 1a8 Suwanliwong, 1998)
2.9 MINUAUNITNATOI LHAZAITAATIZHHONIINANDINNADA
1mmums‘nﬂamuuudmaeﬂ (Completely Randomized Design, CRD) %1013
= 4 a 4
AnsrzrianuuysUsiuvesnanisnaaselaol¥ (Analysis of variance, ANOVA) L UATIEN

ANUANATIUDA NN T 1A8IT Duncan‘s Multiple Range test (DMRT)

4 | d [ o
aoui 3 msanmaaniulfIdlumsdsegndldamsvadrsdanlsdeIzmeamenn
ast s
s maundl
s = (Y] [ d 4
31 msdszgnalfamisvndadaulsdiedslsasendlnsfiadulundadamvunilsiinga
1A -}
N IANYIEoNLITY
o A 4 3/ a o Y 9 as I
Aaenaai¥nnndlsuranguazndoiuiniunsdaulsde3s lensond Tns
a o o Y Y=t Y 2 Jd  w Aa J
Mavunszauaududuars Insiauoenleadovay 12 Fuduanisyaaulsnlinisa
: P 4
setback 1l0EA1 RSA (short-range molecular order to amorphous) ﬁm muﬁmﬁmuﬂﬁums

a @ ° P a w o ! a ' o
INAN1SAURT (retrogradation) 1Ad1 Wlseynald lundasunvuuiliindasn Taumtonuds
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3.1.1 miwanvuniegasuasgiv
° a & b4 1 [ dy
Mnmswanuuuiligasuiasgiu Falsenoudredrundy deil utlsvunile 300
¥
o o o o/ [ 1Y ~ g o
N3y 11e1a 10.8 n3U wurseeIn ludiu 15 nfY wov1n 18 niu Baduds 4.2 nSuinde
o : [y A, a  w dy ¢ : a =3 P oy

4.5 n§u 111 180 N3y TaelFEmsndadsll azaeladadinihilSuadniosigungl 38 vem
wadea uduadoudrunavveslalaslddunauaugasuinsgn wazliSnaunuy

14 ] 3
TUADUIAYY (straight dough) Tawiniswaudiunauaieg AldFlugasnioutundouiudy

a o o Y d ¥ da = ¥
msazagBados I lumuwe dmswaudrsanusrunas suldlanSoudiou uiuay
a A i ad g a d Y o o & d a o
finnutangud Faldnanlszuna 10 iRt wSwdnhlauminesai 1duner 50 wi @

a o q’/‘ ' 1a L4 Y] 3 {
qunii 27 esrnwaiFoa ndsnndwhlaunduldiun udminesed 2 1Wunat 40
a a 1 & d a
il ouludougungii 200 evuwaioa suldvunileignd Fevunileiindaldvadiuga
a 1 d o a ° 4 b Qs q’:’ {
ATUANYDINIINATDL (TATUT LIVNH LAZDIOUIA 183N, 2546) 1 TaRWIUNITHTNASIN
a o 4 o a 9 wa v s
2 uazHdnfmvunileanngn 1d llasrvmeuauiianienitonin asde 3.1.3 uazde 3.1.2
MUIALY

o [ =R ’q ¥ o 9 o 9 asy = a [
ﬂ'Wii'IJﬂ’lif”fﬂ‘ﬂ'lﬂ'lil]5$Uﬂﬂ1ﬂiﬁﬁ15‘5ﬂa’wﬂﬂllﬂiﬂ')ﬂ')ﬁvlaﬂifJﬂ“]fI‘Wi‘WLﬁ‘Ifu

9

o

Turdasaaivuuilafindanngasinasgn 18 laemsdvamisndaesauysiissfunn
Wuduas InsAdueonladiovas 12 naunuudlimddovas 15 Taodunaudu 4 35ms
HAA LLAZMIATIVAOVANUANIINIYATN GIAAY

3.1.2 mananvuuilinn Taugdenuds

gasmskaaruRatumsnaavuniligasunsgu@e 3.1.1) Tasliatmskaa

o a

[ 4 =) o :‘ = o ~ a 1
fall azagdaaduinlSunaanieshguugil 38 osuaaiFod udupSvudunanvesla

v

} 4
Taolddrunaumugasuiasgiu uaz i inauuuudunowide) (straight dough) Tavviins
v 1 ~ ) 9 [ 9 a’a’ a = o °
Haauna N Aldlugasnioudundounuduarsazarvtanas Tl lusuwan dims

] § ~ = ' &
werudaoanusathunars suldlafGeudiou udaazlinnudanguad Faldnalszum 10

= ~

= 3 o o : - 4 [ :;’
UIN lﬁi%LLéJQUTIﬂNWWUﬂﬂiQVI 1 Lﬂumﬂ’l 50 'Lnﬁ ﬁqmﬂﬂu 27 BIAUYALHOT VI INUU

¥

]
I3

o 1a o 14 4 a o [ | - - Y

ihlamduldiud vedreiduwaradn thliusuiehgangd 20 °c ududvusruuiiunm
o ¢ o w ' [ LI | : <] P o

0 12 3 uaz4dUam 1h dednleeonninsewsuds azaiuisdelulasnisedy

»
4

’ 3 L]
anudeudiga Wunm 3 wiil v lindeessi 2 Wunai 40 wii ud i ldeudn
o o 3 A a o P @ &’ x:' a  w 4 A a l/lsl
g 200 °C v lAvunilefignd thlafiiiumsniina e 2 uazndasufyuuilinnga’ld

Tdasrvaouautianisnenin dave 3.1.3 uazdo 3.1.2 MU 1AL
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dmFumsfAnyimsisegndlFamssndroaaulsdaois lensend Insitadu
lundasusivuuilifinaann Tausidonuds 11aTaomsduanisndesaulsiiszduay
duduans Tnsiausenlassovaz 12 naunuuilaadovas 15 Tnvdrunaudu q 33ms
HAA LAZMITATIVADLVAULANINUNIN G9AAUAN
3.1.3 AnyinuanyuznIsnenImassla
3.1.3.1 MANUaIN1s 0 luMSIAve16A73 (extensibility) ¥041a
Tavsir Tawneuuunsudnimndaninnuaniso lunstaveivai
é’wmé’m Texture Analyzer (TA.XT2i) Taold¥ida  Kieffer extensibility (Stable Micro
Systems,UK,1995) Tauui/anaiisegage (positive peak force ) 1lummssdiumiunssis
(resistance to extension ) uazszusmaﬁﬁaodmwﬂaan%mﬁ"urﬂummmmmsn‘lumsﬁﬂ
Y§19A2 (extensibility)
3.1.3.2 manumiioiussla
$A8I01n309 Texture Analyzer (TAXT2i) Taoriilaldaslunizusuda
Tarhsiithes fipdn 9 dmsuldlalnasenin nyuangdudevoamauzitesuldia
Tnaruga 1 . viavfumyuangdoundunn 4 ¥nmadnladala’ls #e13 30 3urd uda
imana@noen Janumilonvesiiodislavldiaduzinsanszuenvnaduiugudnats
25 0P/ 25) unzduale Uszudana laoTaniuse91ngagagavens v (Stable  Micro
Systems,UK,1995) -
3.1.3.3 narlumsniinla (proofing time)
TaviiTaussylunaeniinlalaglianugeveslamueduvouues
naoInlin mmfuﬁﬂﬂﬂnﬁqmﬁgﬁ 30 paraIEYE Audingfevar 75 udafunm
mansinsunsziennugeveslageaniweudiuuuvesndeansinTailszua 3 wufiuns
(Bhattacharya, et al., 2003)
3.1.4 fAnvigaudnyazniemenmusssunils
3.1.4.1 sdvealdenuenuaziioluyesyuuil
mavouldonusnuaziioluvosvunilenn Taudidonudauazaunil
gasnasgiluseuy CIE Hunter Lab Tav191a30930% Hunter Lab
3.1.42 anuidie

¥
' 1 [
anuuiwiovesvuuilanin laumbenudaasvuniligasuiasgu

Tasshaunilandualas IRIA1IUHET 25 U3, AR AEZN6980 1H1H2180 19U INATBUALI



32

NAAIIASDY Texture Analyzer (TA.XT2i) Iﬂﬂel‘!sflﬁ"ﬁﬂcylinder probe $A% 36 ww. (P/ 36R) NA
wudesaz 40 vesnNUTIvEITIDL AT AL INATISZUZNASDYRT 25 YBIAINTIVDS
#0819 (Stable Micro Systems,UK,1995)
3.1.4.3 Yswasduwi
a o . A [

Y3183 UME (specific volume ) vosuuuilsninlaugiBonuiaazvuy

o a0 M :’ v o oA g Qy g ¥ o
Pigasuas g lashvunilsiiumseumndaiminiui sindureeuuilans13ldouas

o [ Y a. o
udnih ladsuss Taedsnsunufidlowana (Nemeth | ez af .,1996)

1‘ &ly I3 Y a [Y] Y ad b7 5 = I3 Yas
3.2 msdsygaaliamisvndleiimudanlsdiedsanudeutulumsasuanuudussldiny
a1 d i a d
Haunnanonamivin
@ A o ¥ Y a a w Yy  ad Y 4 4
AnRoNaMsFIINNAWUIINY MAZNAIWAUNNIUMIAAYsAI8ITANNTOUFUR
[ Ay e ¢ o - o s/ fq ¥ A a
szAuauFUnanivaaudsianuudassvesIassadngega ulssyndlaneasy
o Yo ad o a S v
anuuvsuslafuRaunnaannaa1sydn
° a % s v a a ¢ A Y Yy
MmsesouRauaassdveunsd lauwsouaisazawamssnanudududovag
3 udimsnad ludigangil 85 °ciflunat s wii wieunumasanar Bunaad
¢ s a ¥ % a ¢ o ¥
lwaes (osinea) ludTunu fevas 50 vesamiy waziAnamsyndvaaudsdlonnu
y a 19 -4 a o
fouFuiszauanuduiesas 27 (HMT,) lulSinmdovas 15 vesaarsadn wieuniu
o A ' °
aasaranilunal 2 Wi hmsazaeNaun 1dun laWesennie (vacuum dryer ) &2%11mMs
3 1 o o P a
PuuAuRUVUNENE Teflon uazsiuieiigamgli so °C ssmaidoa Wunm 12-15
& o S ' ¢ 4 o ! o o ¢ H
11 ndsnnmiuiinmisaonunuiduuazifuinNusuduAnssovas 60 X2 0
v i 4
guniifes iWuna 72 $11ue udnh lineasugaauiianianionin asil  (Bourtoom
Hazaus, 2008)
- AINIAIUNTUNTIAIZIGA AT ASTM D882-91 (ASTM 1995 )
1 @ ] o a.
- MMsaAIveLHUNAUAINIT ASTM D882-91 (ASTM ,1995 )
v
- manvansalumsdusiulew daudasein McHugh uasasie (1993)
- Saanulaveuruddu (Han and Floros, 1997)
3.3 MIMNLHUNITNANLY HAZMTHUATITHHANINATBINIADA
'mLmumsmamuuuq’maaﬂ (Completely Randomized Design, CRD) M3
a 4 a 4
AnszinnuuysUsivvesnan1snaooelauly (Analysis of variance, ANOVA) 8z IA51EH
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Table 4. Chemical compositions of banana starches from Nang paya and Hin.

Chemical composition Nang paya | Hin
Moisture (%, db) 11.97 £0.56 10.93 +£0.16
Fat (%, db) 0.01 £0.00 0.06 + 0.02
Protein (%, db) 0.25+0.16 . 0.13+£0.02
Ash (%, db) 0.18 £ 0.00 0.16 £ 0.01
Carbohydrate (%, db) 87.59 88.72
Amylose (%, db) 17.09 £ 0.09 16.60 + 0.52

Note: Each value is mean of triplicate + SD.
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878 plantain (24.1-26.6 W 1A31nT) (Eggleston ef al., 1992) uanuNiAdInIvuIavodia
amsyndrodnyn (30.81 lulaswas) uazamssndrerihden 30.12 lulasuas) dud

an 4
ATNA, 2543)

10ky  10um x1.000

(a)

10k¥  10um

(b)

Figure 3. SEM micrograph (x1000) of native banana starches from (a) Nang paya and (b) Hin
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Figure 4. Particle size distribution of native banana starches from (a) Nang paya and (b) Hin.
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Figure 5. Crystallinity pattern of native banana starches from Nang paya and Hin.
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Table 5 Swelling power and solubility of banana starches from Nang paya and Hin

Temperature Swelling power (g/g) Solubility (%)
‘c) Nang phaya Hin Nang phaya Hin
50 1.84'+ 0.05 2.00¢ 0.08 1.357£0.31 0.72+0.28
60 2.30°+0.32 2.51°£0.49 1.88°+0.14 1.51°+0.34
70 8.33°+0.24 8.96% 0.69 3.24° £ 0.07 2.59°+£0.19
80 17.42°+0.39 18.29°+ 0.57 7.49°+0.29 6.46° % 0.31
90 22.28°+ 1.09 24.75"+ 1.10 9.61°+0.33 8.58" £ 0.15
95 25.72°+ 1.09 25.13%+1.10 15.64° +£0.33 17.20° £ 0.15

Note: Each value is mean of triplicate + SD. The different superscripts in the column for each

banana starch denote the significant differences.
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Figure 6. Swelling power of native banana starches from (®) Nang paya and (W) Hin.
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Figure 7. SEM micrographs (x1000) of heat-moisture treated banana starches at 27% moisture

content: Nang paya (a) and Hin (b)
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Figure 8. Crystallinity pattern of native and heat-moisture treated banana starch from Nang paya

at 18% (HMT,,), 21% (HMT,,), 24% (HMT,,) and 27% (HMT,,) moisture content.
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Figure 9. Crystallinity pattern of native and heat-moisture treated banana starch from Hin at 18%

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

Table 6. Crystallinity of native and heat-moisture treated banana starches at 18% (HMT,),

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

Crystallinity (%)
Treatment
Nang paya Hin
Native 36.81° +0.83 37.73°+0.23
HMT,, 3351+ 1.72 34.94" +2.43
HMT,, 34.02° +0.90 35.17° + 1.02
HMT ,, 33.28" +2.33 34.56" + 1.68
HMT,, 33.47"+0.87 34.66" + 6.35

Note: Each value is mean of triplicate + SD. The different superscripts in the column for each

banana starch denote the significant differences.
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Table 7. Swelling power and water 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
Nang paya Hin Nang paya Hin
. 26 13" £ .
Native 24.72° + 0.45 15.64" + 0.88 17.20° + 0.68
0.75
HMT,, 1623°+0.10  16.19°+0.07  10.30" +0.40 9.07" + 0.40
HMT,, 14.10°+0.30  13.28°+0.27  7.20°+0.83 7.85° +0.48
HMT ,, 12.84°+0.16  10.83°+030  5.68°+0.56 5.46" +0.42
HMT,, 10.86° + 0.65 8.20°+0.17 3.82°+0.89 3.50° +0.28

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

banana starch denote the significant differences.
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Figure 10. Relationship between swelling power or solubility and moisture content for

heat-moisture treated banana starches from Nang paya.
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Figure 11. Relationship of swelling power and solubility of heat-moisture treated banana

starch from Hin and moisture content of the treatments.
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o 4 ~ act a
nmssaudsamsyinuniioadwizanuiousu (hian quue, 2008) Lim uazamz (2001)
' a .3 1 d 9 o [ 9 9 ay P
FWNUNMINVIUYBIAT To ¥0aA1I ¥ Inafikiumsaaulsareanuiousuliauve
wenmsiasuuilasvesmieniesi laimadu vSuisnsgnsnanuazodugiu
4
(intercrystalline amorphous parts)  @dmaldensluanavesssd TamaAuuSnulas
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[TAIWUAIYIVU LUBNITUIN AH W”]J’)'Iﬂﬁﬂﬂlll]iﬂﬂﬁ“]fﬂﬁ’]ﬂﬂ\iﬁi)ﬁﬁ']ﬂ'ﬂﬂijﬂ')ﬂﬂ’ﬂﬂ

ke

' A a 4 o § 4 o a 4
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futundsnundedldlunisvasuazaiondnisanas (Cook and Kidley, 1992; Gunaratne and

Hoover, 2002)
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Figure 12. Thermogram of native and heat-moisture treated banana starch from Nang paya at 18%

(HMT,,), 21% (HMT,), 24% (HMT,,) and 27% (HMT,,) moisture content.
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Figure 13. Thermogram of native and heat-moisture treated banana starch from Hin at 18%

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

Table 8. Gelatinization parameters of native and heat-moisture treated banana starches at

18% (HMT y), 21% (HMT,)), 24% (HMT,,) and 27% (HMT,,) moisture content.

Banana Gelatiniiation temperature Co AH
Treatment
Type To Tp < Tc U/g)
Nangpaya  Native  72.70°+0.35 77.83°£0.17 8277°+022 19.27°+0.48
HMT,, 71.56°+021 7856°+0.10 84.14°+0.89 16.13°+1.22
HMT,  76.69°+0.82 8244°+1.11 87.88°+025 14.10°+2.13
HMT,, 7896°+0.08 8494025 89.61°+0.19 15.83°£035
HMT,, 81.86°+0.77 87.28°+0.35 89.76°+0.77  13.16°+1.05
Native ~ 68.63°£0.29 73.00°x0.17 78.09°%£0.24 17.68" £0.56
HMT,, 74.60°+£024 81.28°+042 8622°x0.14 1527 +0.64
HMT,,  76.15°+1.67 82.90°£0.10 87.42°+031  14.60°+1.80
HMT,,  79.10°£0.14 84.50°+0.00 89.52°+0.15  13.99°+0.23
HMT,,  81.01°+0.15 8633°%0.17 91.24°+0.18  13.64°+1.19

banana starch denote the significant differences.

Note: Each value is mean of triplicate + SD. The different superscripts in the column for each



48

[ J a A
2.3 maveansaaudsamisndlmnanguasndlefiuneaniianisalelod (Rheology
properties)
ey 4 o
2.3.1 aUTANIIAIUNHAYDITAITBINAN (Pasting properties)
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vilavesaa1isndluiunoun1saaulls (Table 9) WuNgaivaiisudsuulasanuviia
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a ) Y ¥ a3 ¢ - a &
WARY (AM-AMP) dawal¥ Inseadieneludaaassuanuuyansuu (Sute,  1992;
b 4

Y o L4
Hoover and Manuel, 1996b) danndpsfiunanisnansinmssauialeniuiouduvesaasy
o M 4 L4
HUA59 (Kulp and Lorenze, 1981) ansy¥i1aIna (Hoover and Manuel, 1996a,b) aa15%

%} o s . o s 9 a
11189 ga15¥H 7 lentil HazAA3¥NadY (Hoover and Vasanthan, 1994) @a153912 (115a1
i a v v o i o A
Ui, 2008) Lﬁawmsmmﬂ’nwﬁﬂqﬂﬁw (fina) viscosity) wuNaMssNFIUNIsaauYsian

A 3 A o 9 A dqu @ a A o

anuniaganvanauioszauanuieusunldlunsdaudsiiy issnnanuudsives
< o  a 4 = ' Y] 9 1 ° Y o o o
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anad (Adobewal and Lawel, 2003)

6000 120
5000 - Temperature profile E 100
[E “/ Native :
~ 4000 1 g0 o
3 - HMT,, . g
é B ] 8
Z 3000 - 1o §
8 v h -
> ? : %
2000 HMT, 1w 3
- MT ;
1000 HMT,, 1 20
- HMT,, ]
0 S A S AN S I I S A N AN AN AN O AN AR A B B AN AN AT A 0

0 2 4 6 8 10 12 14 16 18 20

Time (min)

Figure 14. Pasting profile (pH 7.0) of native and heat-moisture treated Nang paya banana starch

at 18% (HMT,,), 21% (HMT,)), 24% (HMT,,) and 27% (HMT,,) moisture content.
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Figure 15. Pasting profile (pH 7.0) of native and heat-moisture treated Hin banana starch at

18% (HMT,,), 21% (HMT,,), 24% (HMT,,) and 27% (HMT,,) moisture content.
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Figure 16. Relationship of pasting temperature at pH 7.0 of heat-moisture treated banana starches

from Nang paya (®) and Hin (’) and moisture content of the treatments.



Table 9. Viscosity parameters from Rapid Visco Analyzer (RVA) of native and heat-moisture treated banana starches from Nang paya and Hin.

Banana Pasting Peak viscosity Breakdown Setback Final viscosity
Treatment .
type temperature( C) (mPa.s) (mPa.s) (mPa.s) (mPa.s)

Nangpaya  Npgiive 79.02° + 0.58 4370.67+51.19  1253.67+115.30 1033.33°71.18  4150.33° +52.73

HMT,,  80.77°+0.40 - - - 3887.67"+ 122.28
HMT,, 85.27°+0.49 - - - 1416.00° + 41.24
HMT,,  88.33"+0.49 - - - 707.33°+37.58
HMT,, 90.50" £ 0.00 - - - 497.67 ° + 14.50
Hin Native  76.20°+0.43 5402.67+30.11  1928.33%14.74  1009.67+15.57  4484.00° +18.25
HMT,  82.42°+0.49 - - - 3320.67"+ 50.64
HMT,, 83.78°+ 0.46 - - - | 1988.00" £ 17.35
HMT,,  87.15 £0.00 - - - 1032.00° 104.85
HMT,,  88.33°+049 - - - 747.67° £ 11.24

Note: Each value is mean of triplicate + SD. The different superscripts in the column for each banana starch denote the significant differences (p<0.05)
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2.3.2 WYANTIUNS 1A (Flow behavior)
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Relationship between apparent viscosity and shear rate for (a) native and (b) heat-moisture

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

Banana starches were obtained from Nang paya.
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Figure 18 Relationship between apparent viscosity and shear rate of (a) native and (b) heat-moisture
treated banana starches at 18%(01), 21%(a), 24%(0) and 27%(<$) moisture contents.Bnana

starches were obtained from Hin.



Table 10. Consistency coefficient (k) and flow behavior index (n) of native and heat-moisture treated

banana starches from Nang paya and Hin.

Treatment Nang paya Hin

k (Pa.s’) n k (Pas") n
Native 2.690°+0.141 0.533°+0.010 3.681'+ 0401  0.531°+0.013
HMT,, 0.010°+0.001 0.944°+0.009 0.005°+0.000  0.937°+0.005
HMT,, 0.003°+0.001 0.901°+0.011 0.004°+0.000  0.922°+0.004
HMT,,  0.002°+0.001 0961°+0.022 0.003°+0.001  0.873°+0.026
HMT,,  0.001°+0.001 1.067°+0.157 0.001°+0.000  1.118"+0.056

55

Note: Each value is mean of triplicate + SD. The different superscripts in the column for each banana

starch denote the significant differences.

2.3.3 audala lada1a@n (Viscoelastic properties)
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Figure 19. Effect of frequency on G' and G" for native (+) and heat-moisture treated Nang paya banana
starch (8% concentration) at 18% (0O), 21% (A), 24% (0) and 27% (¢©) moisture content. All

samples were measured at 25°C..
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Figure 20. Effect of frequency on G' and G" for native (+) and heat-moisture treated Hin banana starch

(8% concentration) at 18% (D), 21% (2), 24% (x) and 27% (<) moisture content. All samples

were measured at 25°C.
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Table 11. Viscoelastic parameters of native and heat-moisture treated banana starches from Nang paya

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

Banana type  Treatment G' (Pa) G" (Pa) tan O
Nang paya 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° + 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
Hin Native 371.71° + 49.95 52.06° +3.11 0.140° + 0.007
HMT,,  1564.12° +390.56 194.96" +73.09  0.059"+ 0.032
HMT,,  1680.14° +223.97 107.51° £ 24.54  0.058" + 0.014
HMT,,  1826.46" +233.31 92.52b° + 7.64 0.056"+ 0.001
HMT 2354.00° + 117.52 120.48" + 8.84 0.051" + 0.002

27

Note: Each value is mean of triplicate + SD. The different superscripts in the column for each banana

starch denote the significant differences (p < 0.05).
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Figure 21. Relationship of G' value of heat-moisture treated banana starches and moisture content of the

treatments.
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qy 1 d' Qo [ - A Y q’/l ¥ A
filuzeifuszuestagiinsunneonuazfiugy (reform) TaoWuszianualilduanesnuaziu

UAidasuReINU 1AaYFI viscosity LAAIAT terminal viscosity (1], HuFITIRUTZVO TAAANTS
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' A Y &K o 9/ a ~ . [y
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Figure 22. Creep compliance and creep recovery for native (+) and heat-moisture treated Nangpaya

banana starch (10 % concentration ) at 18% (O), 21%(a), 24%(0) and 27%(<©) moisture

content. All samples were measured at 2% strain.
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Figure 23. Creep compliance and creep recovery for native (+) and heat-moisture treated Hin banana

starch (10 % concentration ) at 18% (00), 21%(a), 24%(0) and 27%(<) moisture content. All

samples were measured at 2% strain.



Table 12. Creep parameters of native and heat-moisture treated banana starches at concentration of 10% (w/w).

Banana Ideal elastic Viscoelastic Viscosity

Treatment
type G, (Pa) G, (Pa) T, (sec) N, (Pa.s) M, (Pa.s)

Nangpaya  Native 875.95'+14.74  785.73+5.03  7.62+000  (6.01+0.00)x 10"  (5.40+2.84)x 10’
HMT,,  4301.43°+547.27 - - - -
HMT,  5736.98° +780.12 - - ] .
HMT,,  6377.16" +219.33 - - ; _

HMT,,  6837.20" +327.80 - - - -

Hin Native 840.28°+ 7544  1034.53+ 0.00 14.33+0.00 (14.82+0.00)x10°  (3.67+0.00)x 10’
HMT,,  3625.03°+578.44 - - - -
HMT,  5630.78" +759.59 - - ; ]
HMT,,  6045.84" +711.49 - - ; ]

HMT,,  8464.88" +644.42 - - - -

Note: Each value is mean of triplicate £ SD. The different superscripts in the column for each banana starch denote the significant differences

(p <0.05).
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(Y] d b4 J a (Y]
24 Nﬁ‘ﬂﬂ\‘lﬂ]iﬂﬂ!!ﬂiﬁﬂ]ﬁﬁﬂﬂ')ﬂﬂﬂﬂ]ﬁ!ﬂﬂii‘ﬂﬁmilﬂ‘ﬂu
[ o ) =] o
2.4.1 Wa¥oIMIAAUUSaMS YNAIWUINYIADNMTIAAT INTINTINTY
a a s o 4
ﬁﬂ‘y‘lﬂ‘liLﬂﬂiiﬂilﬂilﬂ%uﬂlﬂﬁmﬁﬁﬂ‘li‘lfﬁ”,lmﬂ?’m Fourier Transform Infrared

o/ ¥

é Qs d' =y = 11 o
Spectoscopy (FT-IR) @ailunmisiamsildounasdadiuvealsuiamonioigrosdugi lag

anaunsdountasiinnisganfunmsdurusaniamstia (stretching) voeny C-C iy C-0
1aEN1399 (bending) ‘UfN‘HigI coH lusrsurundu (wave number) 1300-800 cm’ (Cael et al.,
P -1 A w o dw =Y 1 =Y
1975) lasfinmsganduuasii 1047 cm’ SanuduiusiudSinamanioigniedsuunan uae
o -1 a v @ dJdo ] Qs o [ 3 [y 1 U
#AAMIGANAULEIN 1022 cm TANUFUNUTAUAWBTUFIUVOIAMSY  AWUIATITIUYBIN
M3RANAULAIN 1047 #1022 cm” TanarasdadadinvesluananiaSosdunuindnigaedue
’d"mixm (RSA) (van Soet et al., 1995)
3
1INNISANEINSAVSNHUIBVBITAITFIINAR WU NN MAZARBHUNINOULDY
¥ ] b4 ¥
naamsaaudsaredsanudoutu Nszauanuiusssas 27 anudududesar 25 (avimiin
3 o - = o =] =
uwe) Taoduinufigungdl 4°c 1flunar 70 $2lue wudifinnisganduuasduninsa (FTIR
- . 4 q’; ) Ja’/, v Y] Y [ J
spectra) N 1047 cm” vIRATATFNINNAWNIADITORNUTNINBULAZHAINMIARUY I TAIGIUY
4 3 [ = é a = a J o
doszozaMAUSNEUAY FaaaadamsifalSuuHaNANAY LLEAIRY Figure 24 1B Figure 25
i a ' @ Y4 o = :,' 1 ar o
[{eNns A1 RSA duRnsveusaamsyanndlouranguazndleiunsnouaznasnisanuls
¥ v ) 1
A5 AN BUTUNTZAUANUTUSBYAE 27 (Table 13 1ag Table 14) wudinisiddsunasn RSA
v @ o Y a 3 v a2 g [ & &
Fuinstuur Idumugeiuednsiasameluszezinmmanuin 26 Faluausn Fauduwa
A o P =3 o a 9/ A P 9 @ o~ @ g 9
ioamnvinaie luanaezil lad FadunedwetFudumusamaoundnsassadnulnu'la
3 o o a o an 4 .
S laemtonhlfifadlulnssadeauiinveusaaasy (Goodfellow and Wilson, 1990; van Soet,
3 <! [] o o o s A 3 ] 9 1 a - P=}
1994; Hoover, 2001) 91nifsutlugienal RSA dusinsiiuiued1edng s liinansiasunlaimse
[} 4 = @ 1 o é = v A Y]
Whgauga Weszoznmmsnuinynnnd 50 ¥ luduinenmssaisesiivesaeluanassy
a a & a Selaa ;Y o - ] Ay ] Y a o o
Tamadudadunedwesnunediusaunin msdsunlaslugeiiszsldinanisdaEsen
3 y a4 od .
LﬂuTﬂsmstaﬂﬂaugsmw (Goodfellow and Wilson, 1990; van Soet, 1994; Hoover, 2001)
= a t v @ d 4 3/ a0 [ [ T
mMsanyuUSsuoua1 RSA dunnsvsusaaaisyndrefrmuuas luiunsaauls wunnl RSA
v o o ;’,' o i [ v ¥ I'd ¥ o
Fuinveuvaaaiy ndwnsassmoRuindumsdaudsiiaigendivesamssndnounsda
3 o & Yy o ) o g/ ac 9 Ay i = a
1seaoaszez1a1nsAUSNYT Fuaasldiu1nsaaunlsatea5A NN s U U UTTNMTINA
QU =y 1] r-% =9 r-% g
funsnsorszninmoluanavesoriilaa/awluanavesesii Tamaau 1AuIniu (Perera and

Hoover, 1999; Chuenkamol et al., 2007 and Lawal, 2009)
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moisture content of Nang paya banana starch gel.

Figure 24. FTIR spectra at various storage times for (a) native and (b) heat-moisture treated at 27%
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Figure 25. FTIR spectra at various storage times for (a) native and (b) heat-moisture treated at 27%

moisture content of Hin banana starch gel.
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Table 13. Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various storage

times of native and heat-moisture treated at 27% moisture content of banana starch from

Nang Paya.
RSA Relative RSA (%)
Storage time (hr)

Native HMT,, Native HMT,,
2hr 0.53° +0.03 0.67° +0.01 65.52 75.18
5hr 0.55" +0.03 0.69° + 0.02 68.26 85.20
8 hr 0.57° +0.01 0.70° + 0.03 70.30 86.62
26 hr 0.61" + 0.00 0.72° + 0.04 75.37 89.48
50 hr 0.65" + 0.00 0.74* + 0.01 80.10 92.06
70 hr 0.65" + 0.00 0.75" + 0.01 80.09 96.64

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

significant differences (p < 0.05).

Table 14. Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various storage

times of native and heat-moisture treated at 27% moisture content of banana starch from Hin.

RSA Relative RSA (%)
Storage time (hr)

Native HMT,, Native HMT,,
2 hr 0.51% +0.02 0.69° +0.01 ' 63.66 86.85
5 hr 0.55° +0.03 0.70° + 0.00 68.41 88.55
8 hr 0.56° +0.02 0.71"+ 0.01 69.84 88.81
26 hr 0.60" + 0.00 0.72" + 0.00 75.42 90.35
50 hr 0.62° + 0.02 0.73" +0.03 77.71 91.13
70 hr 0.63" + 0.02 0.73" +0.01 78.98 91.70

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

significant differences (p < 0.05).
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[Y) 4
2.5 waveansaaulsam3sndreuangIRen IS8 lUMTHRE (degree of hydrolysis)
v L4
2.5.1 mmmmsrﬂumigﬂﬂaﬂﬁamau"lmu (enzyme hydrolysis)
= v [V I'd 4 s/ o
nnmsfinyanumusalunsgndssdloeulaivesaniisTns15iou el
. . ! 1 4 4
porcine pancreatic alpha—amylase wmwgﬂxm‘umsQﬂuaué’l"wmu‘lmmmamwmnné’mmmw
L4 v
uazndroAuninoutasnasmsfaulsde33anudousu uansds Figure 26 wasFigure 27 Tau
1 v ¢ q’: 1
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¢ ' ¢ 4 M o "\ a4
amsy ndreunwgigndosaioeu lefeiesamiineluna 24 ¥ 1uasn nmiumsdesfiniy
[ 1 q’: ) 4 n’: w A o 1 [
8619519 audgauga uennniunuHamirnandleiassaoiuiniumsdaulsimsedy
[} L4 1 g 0 o e o [
msgnéeedveu lmiginiwesamssnounsiauls Faeandosfunamsnanoimsnauysdae
4 4 = ¢ o o & ¢ @
anudsuFuvesamsyimauazamsiudss (Kulp and Lorenz, 1981) am3367 aa1ssiiursa
1 4 ¥
Lmzam%ﬂuum'(Hoover et al., 1993; Hoover and Vasanthan, 1994) UONVINUUNUINIBITAY
dy - 9 Qs a :3 v [ v 9/ ot LY a d? o
anurunlFlumsdaudsiivuin mssdumsgndesdseu laaifiuua TWumugadiu sedunsgn
1 9 4 -4 3 u’: @ od (Y] Aot ; d’l a 9
dosAdviou ledvesamssenndeisaesmenugniunsaaulsilimgediud munsoeiueld
1 o) 1 4
Nomiunannmadsuulasgluvnlnssadraninvesamissndleuiamgneingduuu B il
14
L Qs act [ o/ é
Uiy A+B - mendinisaaudsdledtanudeudiu (A9ade 2.1.2) %9 Jane uazams(1997)14
s Iaseadanangluuy A (A-type crystalline) inu Taden1sgnissdoieu lxml Idunni
Taseadrewdngluuy B (B-type crystalline) 1iipa91n Inssadrawdnguuy A s Tamafuais A
. ] 9 - P a a J a o aa @ ﬂ
(A-chain) WM Iassadtawdngluuy B dseziilamaduaie-A densoasunsisoimuiu
14 v
a1 0NN AIGAIVAU (short double helices) tazaNIsaoudofuosiilaimaduais B 1fn
W Insea$19000Ae (branch point) TuSarduiidiundn (crystalline region) 1A Tser319
[~ d g v
wanguuuy B ilumnaldTnssadrevosamsslinnuuiussanasisamisognioodaoou luslld
& 4 ' Yy 3 ¢ A g s o
UYL Hoover and Manuel (1996) ldsisnuhanududuveaou lafozfaanivludinamion
) o Y  aa Y A A ' ¢ o o & A ¢
HiunisaautlsdagdsanuieuFulisigeniussanissnounisaauds veilifesninieulasd
a vy a ¥ d ¢ A o ) Y & Y = DOR] Y
srilllnamnsaunsmiudIihveadaamssignaaulsarsanudousulduinnii Sedenald
e Qs ' v v ¥ ] d ]
amsyiiunsdaudsainisagniosdaseu lasllduinnds edrelsAmuanuunnaisves
' a 1 1Y Y o 4
anuawselumsgndesdsou ladvesamsyerniinainnniesusieg deil vuaveadnanisy
g aa =1 o Y t a a a a
(granular size) NUNHIVOUNATAITY (surface area) ORI IAIUYDIDL laauazezd Tamady USuwm
vo3d 1515z nouBedouseninsosii Taadu luiiu YSunandnuaznisnszaodivosdumienis
I¥OURDYDINUSE alpha (1-6) seninuTnufifluedugunsuSnanidundnvesesiiTamaay

(Holm et al., 1983; Hoover and Sosulski, 1991; Jane et al., 1997; Planchot et al., 1997)
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Figure 26. Enzyme hydrolysis of native (+) and heat-moisture treated Nang paya banana starch at 18%

(W), 21% (&), 24% (®) and 27% (®) moisture content.
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Figure 27. Enzyme hydrolysis of native (+) and heat-moisture treated banana starch from Nangpaya

(a) and Hin (b). Banana starches were modified by heat-moisture treatment at 18% (™),

21% (A, 24% (®) and 27% (®) moisture content.
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2.5.2 ﬂ’ﬂﬂJﬂ’liJﬁﬂslumiQﬂdﬂﬂﬁg{’mﬂiﬂ (acid hydrolysis)
(] a -4
vinnisAnyInNuEsalunsgndesdensalalasnasinvesanisrninndae
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Figure 28. Acid hydrolysis of native(+) and heat-moisture treated Nang paya bananastarch at 18%(®),

21%( A ), 24%(®) and 27%(®) moisture content.
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Figure 29. Acid hydrolysis of native(+) and heat-moisture treated Hin banana starch at 18%(H),

21%( A ), 24%(®) and 27%(®) moisture content.
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2.6 HavesmIaaulsamisrndluneSunaamissinunemsdeanlmoulyl (resistant starch
content)
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floaunisgniosdoionlai1df (Zhang ef al., 2005) Wokimsdaulsamisrnnndioisaosaty
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wmmunmm%’au%u ‘W‘U’J'lﬂiN'Itu’cWI15‘B‘VI‘V]L!@]’f)ﬂ1SEJ@UG’]"JULEJuvl”vwilﬂ1ﬁﬂﬁQ®UTQuuUﬁ1ﬂﬂJ (p
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) 9 . y 9
< 0.05) UAAIAY Table 15 uazwuIudoszduanuiunlFlunmsaautsdaunuiy dawalddSun
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amsynnusemstosalueu ladiisanas uaed lstmunundudnlsaamssinudons
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Table 15. Resistant starch content of native and heat-moisture treated banana starches.

Resistant starch (% db)

Treatment
Nang paya Hin
Native 60.16"+ 0.28 70.52° + 0.19
HMT,, 57.87° +0.43 62.00" + 0.09
HMT,, 54.07° £0.50 59.44°+ 0.09
HMT ,, 42.25% +0.84 42.47°+ 0.38
HMT 34.00° +0.84 34.67° + 0.47

27

Note: Each value is mean of triplicate + SD. The different superscripts in the column for each banana

starch denote the significant differences.
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9 o v dy 1A 1 o 99 9/ a o I'd
1998)  dwsuA1 MS aInwanisnaasinylmegluszaui FDA eyginldlglundanum
P sldy b4 Q & °
9115 (MS < 0.2) WamsnAaosf laliaeandosiunanmsAny1ves Lawal (2009 ) #ekinis
[ o a =Y s 1 ¥ = a o
AAulsaAISY finger millet A303% laasond Insmadu lnonuiudesuaars Inshaueon lea

a dg, a aa 4 a g Y
INUYUDIN 10 L’ﬂu 40 ¥a00AT A1 MS INUYURINTBYAY 0.05 L‘ﬂu 0.16

Table 16. Hydroxypropylene content and molar substation (MS) of modified banana

starches hydroxypropylated with propylene oxide of 8%, 10% and 12%.

Hydroxypropylene Molar substation
Banana type Treatment
content (%) _ (MS)
Nang paya HP 8% 0.979° £ 0.070 0.027° £ 0.002
HP 10% 1.080° % 0.066 0.030" £ 0.002
HP 12% 1.341" £ 0.095 0.037" + 0.003
Hin HP 8% 0.833°£0.010 0.023°+ 0.001
HP 10% 1.030° + 0.049 0.028" £ 0.001
HP 12% 1.262" +£0.048 0.035° + 0.001

Note: banana starches hydroxypropylated with propylene oxide of 8% (HP8), 10% (HP10)
and 12% (HP12). Each value is mean of triplicate + SD. The different superscripts in the

column for each banana starch denote the significant differences (P<0.05).
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ameluanavesamsminiu Milddadgassansagaduirlduiniu msideniswesday
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mmmmmiumsa:mﬂﬁaqwu (Lawal, 2009; Hung and Morita, 2005; and Waliszewski et al,
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Table 17. Swelling power, solubility and paste clarity of native and modified banana starch

hydroxypropylated with propylene oxide of 8%, 10% and 12%.

Banana tpye Swelling power Solubility Paste clarity
Treatment )
(g/g) (%) (%T,)
Nang paya Native 25.72° + 0.45 15.64° + 0.88 350°+ 0.2
HP 8% 35.40° + 0.52 21.09° + 0.40 44.1°+0.2
HP 10% 39.12° +0.32 23.18°+ 0.83 48.8°+ 0.2
HP 12% 41.91°+ 0.24 24.75" £ 0.56 54.8°+0.2
Hin Native 25.13" +0.75 17.20° + 0.68 34.6°+0.2
HP 8% 38.14° + 0,43 23.03°+0.40 43.7°+02
HP 10% 42.05" + 1.81 25.59" +0.83 48.2° +0.2
HP 12% 4418+ 0.45 26.52°+ 0.56 53.2°+0.2

Note: banana starches hydroxypropylated with propylene oxide of 8% (HP8), 10% (HP10) and 12%
(HP12). Each value is mean of triplicate = SD. The different superscripts in the column for each banana

starch denote the significant differences (P<0.05).
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3.1.2 AN uSoU (Thermal properties)
wa 4 a o o '
nmsfAnIduianeanuieuvesansreinndlsuiangnazndeiuiiiumsdaulss
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¥ ad ~ a v Ao 3 g 3 v [Y ' A o o W
w535 laasond Insniaduiisdinvesamssnaseneunsaaudsegneliiodify (P<0.05)
UAAIAT Table 18 1iipe91nmsNiny leasond Insiad ldunuinyleasenda (o) nelu
Y1 o ¢ & a Y o ' ¢
Tassadwdiuedy- -Jruvesasy Feiiwaldnuse lalasnussnieaoTuanavesamssgn
o [ @ 4
Wa1e ANYLsveIRusE e lu Inseas19e9an15¥99aA09 (Perera and Hoover, 1999) azn1s
} 4
wamsgapdolnssadrsnnudundn (Cooke and Gidley, 1992) WBANWUWUIAT To Tp Te UDE
s 1 A e o W & o A PN | 4 £y
AH fimanasedniifedify (P<0.05) eszavvesds Insiavoen lualaunuiy Fideandos
@ = o g act =3 a o d o o .
Aunan1sAnyIMIaaulsA75 lensond TnsWiaduvoam1s wiiuds (Kaur et al., 2004; Kim and

Eliasson, 1993) Ay (Seow and Thevamaiar, 1993) LS AR B (Hoover et al., 1988)

Table 18. Gelatinization parameters of native and modified banana starch hydroxypropylated

with propylene oxide of 10% (HP)

Banana Gelatinization temperature ('C) AH
Treatment
type To Tp Te (J/g)
Native 72.7°+ 0.3 77.8°+0.2 82.7°+0.2 19.3%+ 0.5
Nang HP8%  69.4°+02  73.7+0.3 79.1° + 0.3 16.9°+ 0.4
paya HP 10% 68.5°+ 0.1 72.8°+0.1 78.2°+0.2 16.4°+0.7

HP 12% 67.2'+ 0.3 71.5°+0.2 76.9° + 0.3 15.9+0.3

Native 68.6'+ 0.3 73.0+ 0.2 78.1°+ 0.2 16.2°+ 0.6

. HP8%  673°+03  720°+03  77.9°203  16.0°+05
in HP10%  66.6°+0.1 71.3°+ 0.3 77.2°+ 0.4 15.9°+0.8
HP12%  652°+03  69.9°+0.3 75.8°+ 0.3 14.8°+ 0.4

Note: banana starches hydroxypropylated with propylene oxide of 8% (HP8), 10% (HP10) and 12%
(HP12). Each value is mean of triplicate + SD. The different superscripts in the column for each banana

starch denote the significant differences (P<0.05).
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Table 19. Viscosity parameters from Rapid Visco Analyzer (RVA) of native and modified banana starch hydroxypropylated with

propylene oxide of 10% (HP) at 6% (w/w).

Banana Pasting temperature Peak viscosity Breakdown Final viscosity Setback
Treatment .
type 9] (mPa.s) (mPa.s) (mPa.s) (mPa.s)
Nang paya Native 79.02" +0.58 4370.67" + 51.19 1253.67°+ 115.30  4150.33°+ 52.73  1033.33°+71.18
HP 8% 7730°+ 0.58 4440.67°+20.60  1304.00°+48.08  3054.50°+20.51  709.00" +9.90
HP 10% 76.40° + 0.52 4659.50° + 78.49  1346.00™+ 18.66  2677.67+4631  583.00° + 30.05
HP 12% 74.80° + 0.52 495733 +45.08  1498.00+ 4451  2302.67°+1531  443.33'+15.50
Hin Native 76.20° + 0.43 5402.67" + 30.11 1928.33° + 1474  4484.00°+ 1825  1009.67+ 15.15
HP 8% 75.65°+ 0.57 5602.00° + 22.11 2133.00°+5.66  3202.00°+66.47  743.00°+ 11.33
HP 10% 7455 +052 - 5892.00°+49.50  2264.67°+896  2818.67°+ 15.57  681.33° + 24.95
HP 12% 73.80° + 0.43 6039.67° +3044  2360.67°+32.13  2556.00°+41.87  577.00° +33.15

Note: banana starches hydroxypropylated with propylene oxide of 8% (HP8), 10% (HP10) and 12% (HP12). Each value is mean of

triplicate + SD. The different superscripts in the column for each banana starch denote the significant differences (P<0.05).
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3.2.2 WeANTTUNS 11 (Flow behavior)
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Table 20. Consistency coefficient (k) and Flow behavior index (n) of native and modified

banana starch hydroxypropylated with propylene oxide of 10% (HP)

Banana type Treatment k(Pas’) n
Nang paya Native 2.69°+0.14 0.53" +0.01
HP 8% 4.62°+0.25 0.48" +0.02
HP 10% 5.58"+0.23 0.43°+0.03
HP 12% 6.34° +0.13 0.36+ 0.01
Hin Native 3.68°+0.40 0.53"+ 0.01
HP 8% 4.02° +031 0.50° + 0.02
HP 10% 4.81° +0.25 0.46° + 0.01
HP 12% 5.91° +0.28 0.38" +0.03

Note: banana starches hydroxypropylated with propylene oxide of 8% (HP8), 10% (HP10)
and 12% (HP12). Each value is mean of triplicate + SD. The different superscripts in the

column for each banana starch denote the significant differences (P<0.05).
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Figure 30. Relationship of apparent viscosity and shear rate of native starch and starch
hydroxypropylated with propylene oxide (HPO) at various concentrations.
Starch obtained from Nang paya banana.
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Figure 31. Relationship of apparent viscosity and shear rate of native starch and starch

hydroxypropylated with propylene oxide (HPO) at various concentrations. Starch obtained from

Hin banana.
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3.2.3 audala lndadan (Viscoelastic properties)
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Table 21. Viscoelastic parameter of native and modified banana starch hydroxypropylated

with propylene oxide of 10% (HP) at concentration of 8% (w/w) and at 1 Hz.

Banana type  Treatment G' (Pa) G" (Pa) tan O
Nang paya Native 294.44%+ 24.47 50.24° + 1.15 0.17°
HP 8% 253.48" +32.24 63.15° +2.45 0.24°

HP 10% 225.26'+27.08 76.28" + 4.68 0.34°

HP 12% 194.73 + 28.16 89.25" + 4.47 0.46"

Hin Native 371.71° + 49.95 52.06° + 3.11 0.14°

HP 8% 328.52" +37.42 85.31°+3.24 0.26°

HP 10% 277.06'+ 22.45 99.26" + 3.81 036"

HP 12% 213.84° + 22.24 113.67" +3.42 0.53°

Note: banana starches hydroxypropylated with propylene oxide of 8% (HP8), 10% (HP10) and
12% (HP12). Each value is mean of triplicate + SD. The different superscripts in the column for

each banana starch denote the significant differences (P<0.05).
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(a) and Hin (b)) hydroxypropylated with 12% propylene oxide.
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Figure 32. FTIR spectra at various storage times of banana starches (obtained from Nang paya
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Table 22. Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various

storage times of native starch and starch hydroxypropylated with propylene oxide of

12% from Nang paya.
Storage time Relative RSA (%)
(hr) Native HPO,,,, Native HPO,,,,
2hr 0.53° +0.03 0.48° +0.01 65.52 59.70
5hr 0.55" +0.03 0.51°+0.02 68.26 63.54
8 hr 0.57° +0.01 0.53°+0.03 70.30 65.41
26 hr 0.61° + 0.00 0.57" +0.04 75.37 70.24
50 hr 0.65" +0.00 0.58" +0.01 80.10 71.88
70 hr 0.65" + 0.00 0.60" + 0.01 80.09 73.77

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

the significant differences (p < 0.05).

Table 23. Ratio of short-range molecular order to amorphous (RSA) and relative RSA at various

storage times of native starch and starch hydroxypropylated with propylene oxide of

12% from Hin.
Storage time Relative RSA (%)
(hr) Native HPO,,,, Native HPO,,,,
2hr 0.51° +0.02 0.48° + 0.01 63.66 59.38
5 hr 0.55° +0.03 0.51° +0.00 68.41 63.75
8 hr 0.56°+ 0.02 0.52"+ 0.01 69.84 65.63
26 hr 0.60° + 0.00 0.56" +0.00 75.42 70.00
50 hr 0.62° + 0.02 0.58" + 0.03 77.71 72.50
70 hr 0.63* +0.02 0.59" + 0.01 78.98 73.75

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 33. Enzyme hydrolysis of native and modified banana starches from (a) Nang paya (b) Hin
hydroxypropylated with propylene oxide of 8% (HP 8%), 10% (HP 10%) and 12%
(HP 12%).
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Figure 34. SEM micrograph (X5000) of banana starch hydroxypropylated with propylene oxide
of 12% after attacking by porcine pancreatic %C—amylase. Banana starch obtained

from (a) Nang paya and (b) Hin.
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Acid hydrolysis of native and modified banana starches from (a) Nang paya
(b) Hin hydroxypropylated with propylene oxide of 8% (HP 8%), 10% (HP
10%) and 12% (HP 12%).
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Table 24. Resistant starch content of native and modified banana starch hydroxypropylated

with propylene oxide of 8% (HP 8%), 10% (HP 10%) and 12% (HP 12%).

Resistant starch content

Banana type Treatment
(%, db)
Nang paya Native 60.16"+ 0.28
HP 8% 58.46" + 0.09
HP 10% 55.91°+ 1.60
HP 12% 53.74" + 1.29
Hin Native 70.52° + 0.19
HP 8% 63.25" + 0.59
HP 10% 57.14°+ 1.09
HP 12% 54.13" + 127

Note: banana starches hydroxypropylated with propylene oxide of 8% (HPS8), 10% (HP10)

and 12% (HP12). Each value is mean of triplicate + SD. The different superscripts in the

column for each banana starch denote the significant differences (P<0.05).
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Table 25. Properties of dough substituted with 12% hydroxypropylated banana starches

(HP) before frozen storage. Banana starches obtained from Nang paya and Hin.

Treatments
Dough properties substitution with _ substitution with
Control
12% HP Nang paya 12% HP Hin
Extensibility (mm) 24.03*+1.20 18.44" £ 0.50 20.49" + 1.25
Resistance to extension (g) 94.66°+ 4.50 76.40° + 1.84 80.30° +3.33
Dough stickiness (g) 231.26" + 10.75 188.58°+ 37.08 203.32° £ 13.84
Proofing time (min) 55.67 + 1.06 57.96" + 0.69 57.02° £2.13

Note: Each value is mean of triplicate = SD. The different superscripts in each row

denote the significant differences.
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Table 26. Effect of substitution with 12% hydroxypropylated banana starches (HP) and

frozen storage times on extensibility of dough. Banana starches obtained from

Nang paya and Hin.
Frozen Extensibility (mm)
storage times substitution with substitution with

Control

(weeks) 12% HP Nang paya 12% HP Hin

1 22.67" +£0.19 17.13° £0.94 19.02° £ 0.39

2 21.53"£0.82 17.04* £0.71 18.99°+ 0.53

3 20.11° £ 0.62 16.94" £ 0.70 18.84° £ 0.47

4 19.29° + 0.64 15.29" + 0.91 17.52° +0.43

Note: Each value is mean of triplicate + SD. The different superscripts in the column

denote the significant differences.

Table 27. Effect of substitution with 12% hydroxypropylatgd banana starches (HP) and

frozen storage times on resistance to extension of dough. Banana starches obtained

from Nang paya and Hin.

Frozen Resistance to extension (g)

storage times substitution with substitution with

(weeks) Contrel 12% HP Nang paya 12% HP Hin
1 85.07"+5.28 76.49" £ 1.20 79.81" + 4.86
2 80.95™ £ 6.15 74.94™C + 1.71 78.29™* £2.70
3 78.61" + 2.44 73.89" +4.77 77.67" + 1.50
4 73.66" £ 3.80 64.42 “+ 4.98 67.75°°+ 4.79

Note: Each value is mean of triplicate £ SD. The difference superscripts in the column

denote the significant differences.
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Table 28. Effect of substitution with 12% hydroxypropylated banana starches (HP) and frozen

storage times on dough stickiness. Banana starches obtained from Nang paya and Hin.

Frozen Dough stickiness (g)
storage times substitution with substitution with
Control

(weeks) 12% HP Nang paya 12% HP Hin
1 228.42° +7.15 187.36" £ 21.74 228.88" +17.51
2 191.35°+ 21.59 186.38°+ 19.54 227.98" +£9.20
3 158.23°+ 26.22 186.77°+.14.28 227.38"+9.78
4 138.73°+ 19.76 183.52°+ 14.21 22572 + 16.32

Note: Each value is mean of triplicate + SD. The different superscripts in the column

denote the significant differences.
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Table 29. Effect of substitution with 12% hydroxypropylated banana starches (HP) and
frozen storage times on proofing time of dough. Banana starches obtained

from Nang paya and Hin.

Frozen Proofing time (min)

storage times

substitution with substitution with
(weeks) Control
12% HP Nang paya 12% HP Hin
1 56.48" + 1.67 58.96° + 0.39 59.31°+1.12
2 65.60° + 2.98 62.05° +2.19 63.31°+2.11
3 75.43° +2.02 70.38" £ 5.97 70.01° + 5.73
4 86.29° + 1.05 73.76" £ 2.19 72.24" +1.87

Note: Each value is mean of triplicate + SD. The different superscripts in the column

denote the significant differences.
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Table 30. Properties of breads substituted with 12% hydroxypropylated banana starches

(HP). Breads were produced from fresh dough.

substitution with substitution with

Bread properties Control
12% HP Nang paya 12% HP Hin
Firmness (g) 223.36° +£21.22 330.36" +21.22 320.09" + 18.12
Specific volume (cm’/g) ~ 4.98°0.10 4.38°£0.38 4.45° £0.30
Crumb color (L*) 79.79" + 1.63 80.11° £ 1.47 79.70° £ 1.25
Crust color ( L*) 66.91° + 1.41 65.07" +1.38 66.86" + 2.81

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

denote the significant differences.

wa A a { 1 o
4.1.4 puautavesyunileiindannlaimumsusigonia
14
4.1.4.1 pNULLUHoYeIuUNile (bread firmness)
=& 1 ] d" a a (] 4 A 1 a
nnmsanmanuiuiisvunilsindann laundenuieh ludu
a o 9 Y 3/ Aad =) a v o o v
@annasgu) wasinamiyndedanlsduis leasend Insiaduiissaunsnaunusey
14 ]
az 12 1dnanisnaassdanaasly Table 31 laswunmanuuiuiiovesyuuilinnganinla
a A o 3/ 9 £ (= o d o 1A o
Fianamsrndoaautsdsmunsugionudsuazifuinyuuuusidonudaduszezion
a CL=Ul ' A ' o o [ JRA ] .ﬂy a v
4 §lafian T doundas uadmsvruuihgasmaspumunmanuuiuiioliuua Ty
A 4 i v o @ 4 g o
Wvduedeited iy (o < 0.05) 910 244.88 11U 310.60 g ieszuzamsiiuinu lauuy
a A & o ¢ o ¢ v d - ¢y A v
udenuaiuduen 1 e W 4 Fland uansliimuihmsduamisndiesndiunsaa
9 Ay P2y ~ a (] 9 v A 4 a Y] J 3 o 4 o
1542095 leasond Tnsfitadu dena s laumtonuialnuaIaassHINMSIN LT AIFIN

a e '4 z:’d Y]
Wldnaasumnvuuilenianunaiidie



95

Table 31. Effect of substitution with 12% hydroxypropylated banana starches (HP) and

frozen storage times of dough on bread firmness.

Frozen Bread firmness (g)
storage times substitution with substitution with
Control
(weeks) 12% HP Nang paya 12% HP Hin
1 244.88"+ 37.40 336.57" +28.31 323.18" + 28.09
2 269.30° + 33.55 340.44" + 36.49 330.35° + 28.28
3 305.71° +22.99 344.00°+ 38.94 331.45°+22.82
4 310.60° £ 11.35 344.17°+ 30.97 333.32° £ 24.26

Note: Each value is mean of triplicate + SD. The different superscripts in the column

denote the significant differences.

4.1.4.2 Y51as Iumizu9uuNile (specific volume of bread)
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910 TausitenuisNANaaIS¥na10NHIUN1SaaulsA1035 laasend Insfiatuainnale
a ] ] ] Y] g o 1 = @ 4
wngazndlsiuiin liuandsiunaeasseznaimsiNuS Ay MLULTIToNUYS 4 dav
v o ' a o 9 1Y 1Y ada P = @ (- o i

uaasldmumsPuanissndeanulsaleds leasend Insmadululaugidenude dana
a oW '3 A @ ] 4 o { o [ ]
T lawdasusvunilnlinnuasiaszninmsinusnui dmsvsuviligasuasgiuwud

' a o =) £ ' A v oo w [~ 3 A
alsuassumzlnur Tuanasssniidodifg (p < 0.05) 910 4.24 114 3.31 (cm’/g) 11D
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Table 32. Effect of substitution with 12% hydroxypropylated banana starches (HP) and

frozen storage times of dough on specific volume of bread.

Frozen Specific volume of bread (cms/g)
storage times substitution with substitution with
Control

(weeks) 12% HP Nang paya 12% HP Hin
1 4.24°+0.28 3.65 +£0.18 3.72°+0.41
2 3.92° + 0.41 3.54+0.38 3.52° +0.22
3 3.68°+0.26 3.44°+0.18 3.47°+0.09
4 3.31°+£0.23 327°+0.11 3.24°+0.17

Note: Each value is mean of triplicate + SD. The different superscripts in the column

denote the significant differences.

Vv
4.1.4.3 aaveutio lunazidenvesvuuile (crumb and crust color)
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A209% lansond Tnshtavuilan luusna i uAfoAs Lo AN US AN ML DUSIE NI 4

Flondt



97

Table 33. Effect of substitution with 12% hydroxypropylated banana starches (HP) and

frozen storage times of dough on crumb color of bread.

Frozen Crumb color
storage times
Treatment L* a* b*
(weeks)

control 1 80.79°+1.05  1.91°+021  21.62°+097
2 80.45°+158 2.02°+£021  21.78°+0.73
3 80.88°+1.07 1.91°40.14  22.81°+7.29
4 80.50°£129  1.77°%0.17  20.99°+0.77
substitution with 1 79.75° £ 1.08 2.18°+£0.16  2221"+0.60
12% HP Nang 2 79.99" £ 0.99 224 +£0.17 22.02°+£0.72
paya 3 8025145  1.88°%0.17  2097°+0.72
4 79.75°+1.20  1.94°:0.13  21.44°£0.63
1 8047°+£147 1.92°20.19  20.94°£0.86
substitution with 2 80.17°+1.35  2.02*+0.21 21.36°+0.84
12% HP Hin 3 7946°+132  1.90°£0.15  21.19°+0.69
4 79.99"+1.34  1.81°:020  21.25°+0.79

Note: Each value is mean of triplicate & SD. The different superscripts in the

column for each treatment denote the significant differences.
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Table 34. Effect of substitution with 12% hydroxypropylated banana starches (HP)

and frozen storage times of dough on crust color of bread.

Frozen Crust color
Treatment storage times
* * *
(weeks) L 2 b
1 67.20°£3.85 17.21°+2.98 41.81°+2.40
control 2 67.32° £ 5.30 16.88°+3.18 42.98°+1.21
3 66.42°+£354  17.377£209  43.74°:1.16
4 65.01% 6.85 18.28°+3.89  43.08"+1.89
. i ] 66.60" + 4.16 15.84 °+ 2.81 43.97°1.27
substitution with
66.61" + 2.51 16.14° £ 1.51 44.05°+£2.22
12% HP Nang paya . . b
3 67.18" £ 4.54 17.54°£2.73  44.82°+1.01
4 66.97° £1.79 17.27°+1.31 47.30°+1.36
1 66.36" + 4.12 17.08°+2.62  41.69°+1.60
substitution with 2 66.44°+4.29  18.05°+2.40  43.02°+1.57
12% HP Hin 3 66.19°£323  1923°+2.10  4434°:1.12
4 66.32* + 4.01 18.03°£237  45.88°+2.93

Each value is mean of triplicate + SD. The different superscripts in the column for

each treatment denote the significant differences.
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Table 35. Tensile strength of rice starch film and rice starch film added with 15% of native
or heat-moisture treated banana starches (27% moisture content, HMT,,). Banana

starches obtained from Nang paya and Hin.

Tensile strength

Treatments
(MPa)
Rice starch 2.65" + 0.61
Rice starch + Native Nang paya 4.77°+ 0.48
Rice starch + HMT,, Nang paya 6.35'+ 0.64
Rice starch + Native Hin 4.92° +0.41
Rice starch + HMT,, Hin 7.00°+ 0.53

Note: Each value is mean of triplicate + SD. The different superscripts in the column

for each banana starch denote the significant differences.
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Table 36. Elongation at break of rice starch film and rice starch film added with 15% of

native or heat-moisture treated banana starches (27% moisture content, HMT,,).

Elongation at break

Treatments
(%)
Rice starch 38.57" + 6.99
Rice starch + Native Nang paya 7.56" +0.99
Rice starch + HMT,, Nang paya 5.17°+1.05
Rice starch + Native Hin 6.82° +2.28
Rice starch + HMT,, Hin 478"+ 0.79

Note: Each value is mean of triplicate + SD. The different superscripts in the

column for each banana starch denote the significant differences.
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Table 37. Water vapor permeability of rice starch film and rice starch film added with 15%
of native or heat-moisture treated banana starches (27% moisture content,

HMT,,). Banana starches obtained from Nang paya and Hin.

Water vapor permeability

Treatments 5
(g .mm /day.m".kPa)
Rice starch 19.35'+1.92
Rice starch + Native Nang paya 15.29" +0.92
Rice starch + HMT,, Nang paya 12.07° + 0.46
Rice starch + Native Hin 15.71°+ 1.47
Rice starch + HMT,, Hin 12.59°+0.97

Note: Each value is mean of triplicate £ SD. The different superscripts in the column

for each banana starch denote the significant differences.
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4.2.4. manulavesiduy (Transparency)
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Table 38. Transparency of rice starch film and rice starch film added with 15% of native or
heat-moisture treated banana starches (27% moisture content, HMT,,). Banana

starches obtained from Nang paya and Hin.

Transparency
Treatments
(%)

Rice starch 0.96" +0.09

Rice starch + Native Nang paya 1.02°+ 0.04

Rice starch + HMT,, Nang paya 1.04’+ 0.05
Rice starch + Native Hin 1.05° + 0.06
Rice starch + HMT,, Hin . 1.03° +0.03

Note: Each value is mean of triplicate + SD. The different superscripts in the column

for each banana starch denote the significant differences.
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