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Abstract
Research on prebiotic properties of ‘Nam Wah’ banana Flours for Healthier Snack
Development was objected to develop modification process for prebiotic banana flours from three

cultivars of ‘Nam Wah’ banana such as ‘Mali-ong’, ‘La-ong nam’ and ‘Khao nuan’ and to determine



resistant starch (RS), the in vitro starch digestibility (SD) as well as nutritional qualities of the flours
and developed products such as extruded banana snacks, banana biscuits and “Prebio-banana” drink.
The results showed that RS of banana pulps obtained from three cultivars and three ripening stages
(unripe, almost ripe and ripe) were different. At unripe stage, a very high RS contents of 57.1 * 1.2,
63.4 X 25and64.1 £ 13 g/100g, respectively, were found. A gradual decrease in RS was occurred
until reaching a ripe stage and had the contents of 17.1 & 1.1, 13.5 £ 0.3 and 14.3 + 5.7 2/100g.
When the flours was processed from raw bananas of the three cultivars, a high in RS was also shown
with the contents of 57.1 £ 1.5, 59.0 & 1.2 and 55.1 & 0.7 g/100g, respectively and this meant that
banana flours had a prebiotic functionality presenting an enzymatic resistance to Ol-amylase
digestion. At ripe stage, digestible starch from three cultivars showed the highest contents of 36.0 T
0.4,46.0 X 6.4 and 38.8 £ 2.2 g/100g, respectively; this meant that the ripe bananas could be easier
digested than the unripe and almost ripe ones, which contains higher RS and dietary fibers. For the in
vitro starch digestibility, the banana flours from the three cultivars exhibited a slower rate of starch
digestibility than the banana starch and the ‘La-ong nam’ had the slowest rate of 17.9 + 0.1 g/100g
after 90 min digestion. This was agreed with the highest RS content for ‘La-ong nam’ flour and a
slower starch digestibility rate of ‘La-ong nam’ pulps during ripening stage (9.2 + 0.2, 11.8 + 0.3 and
11.6 +£ 0.7 g/100g, respectively) than ‘Mali-ong’ and ‘Khao nuan’. For banana snacks from the three
cultivars, a starch digestion over a period of 90 min was slow at a rate of 18.8 +0.1, 19.1 + 0.0 and
22.0+0.1 g/100g, respectively, due to stability of extrudate structure in resistant to enzymatic
digestion, accounting for slow digestible products. While “Prebio-banana” drink had a starch
digestion rate of 45.0 £ 0.1 g/100g. For modification process for prebiotic flours using methods of
boiling, extrusion cooking 118% drum drying, it showed that boiling retained the highest content of RS.
When raw mali-ong banana was boiled for 1 and 2 min., RS were 25.4 1.1 and 16.0 £ 0.6 g/100g,
respectively, and the contents was decreased with an increase of boiling time. This indicated that
boiling treatment was an appropriate process for modification of prebiotic banana flour. While
extrusion cooking retained a very low RS of 1.88 * 0.4 g/100g and drum drying had 1.4 & 0.1
g/100g, addition of guar gum and pectin increased the contents of RS to 3.4 = 0.1 and 3.3 0.1
g/100g, respectively. Thus, the developed banana snacks with 100% flour by using extrusion cooking
could be a healthy snack prototype because there were not different in overall preference and
acceptance among the snacks formulated with 40 to 100% banana flours, although little difference in

crispness was observed. When considering with total dietary fibers, the banana snacks made from
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‘Mali-ong” and ‘La-ong nam’ had a high contents of 5.27 £ 0.1 11z 5.19 + 0.0 g/100g, respectively.
For banana biscuits developed using 45% banana flour, the content of RS was very low (2.39 g/100g),
but high in dietary fibers (6.59 + 0.2 g/100g), while preference and acceptance toward product
characteristics were quite low. In this study, “Prebio-banana” drink products made with the banana
flour modified by using boiling treatment retained a very high RS, particularly when 30% addition of
banana starch was incorporated in the formula. From calculation, RS of “Prebio-banana” drink was
13.14 to 15.77 g/100g powder and 3.94 to 4.73 g/serving size (200 mL) for ready to drink. For
nutritional qualities of the three cultivars with three ripening stages, the obtained energy were 126.22
+ 0.3 to 128.70 + 2.0, 123.58 + 0.1 to 130.82 £0.3 1182 129.50 + 1.0 to 144.96 +0.5 kcal/100 g,
respectively, and the lowest energy was found at a ripe stage. For total sugars, the lowest contents
was found at unripe stage and gradually increased to the highest contents of 17.46 £ 0.2 to 17.86 + 0.9
g/100g at ripe stage. Only glucose and fructose was found with ‘Mali-ong’ and ‘La-ong nam’ and the
contents increased with ripening as well, while glucose fructose and sucrose was found with ‘Khao
nuan’. For total dietary fibers, unripe bananas had the highest content of 3.41 + 0.0 to 4.26 + 0.0
¢/100g. Moreover, soluble dietary fibers, comprising of pectin, fructan and others, were higher at ripe
than unripe stage, whereas insoluble dietary fibers, comprising of cellulose, hemi-cellulose, others,
were higher at unripe and almost-ripe than ripe stage. In particular, the bananas had higher content of
insoluble fibers than soluble fibers, and the content of soluble fibers tended to increase with ripening,
whereas the content of insoluble fibers tended to decrease with ripening. From the results of
processing effect on total phenolic content, anti-oxidant activities and condensed tannin, it showed
that total phenolic content of bananas was depended on the ripening period. Unripe bananas had the
highest total phenolic content, also antioxidant activities with both of pulp and peel. As the
assumption, banana peel had a higher total phenolic content and antioxidant activities from DPPH
assay and FRAP assay. The cultivars of banana has no effect (p<0.05) through all evaluation. On the
other hand, tannin content had been affected by the processing method. The tannin content evaluation
of the starch samples and snack presented high content. The heat treatments may play the important
role to improve activities of the structural tannin via vanillin assay.
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Llﬂigﬂ AAYNTZTUIUNITLONENG VU (extrusion proccss) cﬁﬂlﬂulﬂﬂiuiaﬂ‘ﬂVIUﬁNU nasu

Jd

Uszantnmaemananluszaugaamnisy i ldnanduy nlanyuznoansounaz iy

v @ a

[ a dy Jd . w A Aa wa
ﬂﬁ@ﬂﬂﬂﬁ@ﬂﬁﬂiiﬂﬂ HONINU “TUUALUYITINT UQﬂiZﬂﬂ‘]J‘lﬂﬂ”JEJ’Jﬂﬂﬂ‘lJf’]u I NUAUTANUA

q

o d

) ] = R Y o Yt
a¥19qUA W (functional Food) Mlinanlsz Tewidesame uazldwannlviigldnvalazqaniung

Y

% a

Y a = ' v o = < 1A YA o =) Y 1 Q)
pladusTan Tastigisendelarinaudn udsdulviiaduazaan s @ aaunauailuingay
any Y M A ' 2 L 9
INFITUBIA LA 917 912 1WA 62111809 Tuniou (mulbeery) ViU (turmeric) 1ATU1INAY
4 a ECY v a 4 = =
(angkak) Faflamilsz Toyiludunisdiueyyadass uazan lalamaoson Funuziiu

PIMTINANTUNAINANNTY

d
15218911904 resistant starch
. ~ s v Y a 4 4 g
DIMTYUNIN (health foods) UHUD luiJﬂ'JUJﬁfNﬂ1§iﬂﬂEj‘U§IﬂﬂiJ']ﬂEN"ULl‘VNﬂWEJGIU!.lﬁS
' @ . A g . A A o 4
aat)szimer Tuilagiiu resistant starch ¥ i1 functional component iy Tund1wInas Tulain
< A A < aw Y d ' = @ .
an Lm%ﬁlﬂuli63%”1'(’[‘141‘0?[”191’)‘08] stwleQmiJiszumaqmmwwummnu dietary fiber QY
wa . y e : ' y
Haua low glycemic index 130 slow rate of starch digestibility 1UAD resistant starch 6001014
v
A luszuumaauems mlszanimaludeasgluan1izaiunu (Ohr, 2004) 1A resistant
o A wa R I~ Y o A A .
starch 83UAUUA prebiotic property 111 fermentable substrate 1A ULUANITY Lactobacillus sp. Tu
o ) ¥ R Y a o Y a Y v Y a o
m'laclmy %Q“H']UGIWSZ‘IJUVINMUE]']W'IS‘Vﬂ\ﬂullﬂﬂ Lﬁil.lﬁﬁ'NS1\1ﬂ"|ﬂclﬁu°uQLL?QLLﬁ%NQﬂJﬂWWWﬂ
Aa ° [l @ ~ [ [ Y Y
ﬂ'li‘USIﬂﬂL‘lcjuﬂ325"lﬂﬁnﬂ'iﬂ%?ﬂﬁ@ﬂﬁiWLﬂUQﬂ@I‘jﬂ@WEﬁﬂﬁﬁJﬂNﬂ ulﬂ L¥U Timmmm T5A02U

Tsnnaoaioagadu T3l nazlsaugisaiiludu

AMANHMZUDA resistant starch
J @ a 4 i o ' Y
Resistant starch #1004 @013 (3I0AUHARAAIN Tuanaaa1s ygAMaIsuIaaIuNQg2)

~ A ' < 1 @ d o Y 3 a o = d 1
Anumunie ldansagaduiumiuraddr Idianvesnulaana Ty naziiguilsz Tominieg
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1w a an Y ' @ 2
(NOUINIAY dictary fiber Resistant starch 81315 0AAYUAINFTTUH1A Iatoalue 1115 191 sTurSa

U

A <o Y 3 Y A ' =< a 2. ~ ~ o A
WY WAND LLASNAY qumu UANTEHIN 7% D311 % ﬂlaﬂﬂﬁil’lmﬁﬂTi‘lfﬂﬂﬁﬂﬂ lﬂﬂﬂﬂauﬁiywsﬁ
o

q

. a ' v &R 9 < ' o w 4
WU resistant starch UTanar ligammindadziluumdeddgvosamda manlsgiuaznsify
' V
Snvmdannilignuds v lnalilSunn resistant starch RIAL (Wursch, 1999) 15319 resistant

a o Jd @ v 1w oA :l A == A dyd
starch “luwamnmmm‘msuﬂswuimmaﬂnmmuuWna 130 glycemic index (GI) ‘Vmﬂ“b‘ﬂﬁﬂﬁ@ﬂ

v '
o

=2 :I (] A ¢ A o A o 2 A a0 [
“]ﬁJuW]’mIﬂEJ‘iz‘LI‘]JﬂﬁU?JEJ LLﬂQ‘HS’E)ﬁﬂﬁ"'mflilﬂ1ﬂ°ﬁuu1@l1ﬂﬁ1ﬂQIJWﬂﬂGIE]q“lJﬂ1WM3ﬂ$mJPj1J'JU
v

Tsannvau Taadau uazindmuialszinn sauns giteumsoendidene

Y339 resistant starch Tuermiswiianiag

UADINI % vouTinmamiaianye
Bread 22-43
Special bread 7.2-9.5
Breakfast cereal 0-9.0
Whole grain cereals 1.7-12.3
Potato 0.6-9.0
Pasta 1.3-4.2
Pulses 12.0- 20.0

v
Tat1n@ resistant starch @13 0RATUIABATEUIUNG gelatinization A20A15 1HA1L Yo
o ~ a A @ ~ v A o =T
nasnnii luanae luTaaAan15A1fA7 (retrogradated amylose) 931015 50130962 111iH 1 luiana
4 . . I { o ' ' 4 ° H =
1UA5Y (linear chain molecules) 1A Iasaas1andauiv vy iorhanisyd12 InafifyUSyia
A A ' . w o o Y3 v =
amylose N (~ 70 % ¥IDITENI amylomaize starch) WAUNUUN uaxwﬂmﬂummﬂ‘lﬁﬁmaw
a v v 2 o a A

PIUAUGUMYN ANWYUYY AZMIINUSTIY HAKAAT IAT] resistant starch g91l523100 45 % N3
NN U0 resistant starch 8131301 188903513 deeduon lsimTonsa (enzymatic %30 acid

.o L. A4 g uyy . . & £
hydrolysis NOUN1T gelatinization W17 14 linear chain molecules WYY LAZANNYIVDIAY

. 1Y v 5 4 a g
Tuanang Inavu1A 15— 80 glucose units (~ 65) 1% §a13036 T resistant starch nvandngeiiu
Y
(Wursch, 1999)  u0ANNHEINYIINITIAA amylose-lipid complex =iiHansgnuTi1¥Hansa
. A A A @ v @ v w @ v
resistant starch 8AQ4 LummﬂTuLaqaa"lniaﬁwﬂumumﬂau"lﬂwnuimaqa"lwmmums 4314
[~ v i .
Wulaseaasnag resistant starch (Cui and Oates, 1999).
wva 1 { (] 4 @ 1
UINNINAUUALAUUDA resistant starch NAWTONUNIUMTI0sA00U T ud Fanulng

auﬁﬁmamﬂmw%‘uq ﬁﬁ1ﬁﬂlu 1aun dietary fiber functionality, unique molecular weight
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distribution, high melting temperature, high heat of gelatinization, excellence processing tolerance

Lﬂuﬁu (Yong and Jeffcoat, 2003)

U321ANV04 resistant starch il 4 1szinm (Englyst et al., 1992) 1@un
1. RS-I: @4A15% (physically inaccessible starch) numegnislumisaadueaiisa q

@

! A 3 o A A 1 o ¥ YA vy 4
U SUNY, LUARD LA WYDU VlllﬁuﬂiﬂuWﬂ@ﬂMﬂ‘Bﬂﬁgiﬂ“ﬁlﬂﬂﬁi@U@Uqﬂﬂﬁﬂlﬂu‘l“ﬁﬂ
=1 ¢ Ao wva o o a 5 .
2. RS- g s yniauailu resistant starch Tﬂﬂﬁiiu“]ﬂﬂ (native resistant starch
v w ' 1 @ @ o {
granules) ANToNY IdAURI0619 19U U5 ndrenow uay a3yt Inaiie luTaag
4 { a @ 2
3. RS-IE: @3 ¥NAAIINNITAUAD (retrograded starch) naannnslsgiaieniy
k4 Y =) 1 - =~ v A @ ] v 3 A
I0U IﬂUIﬂN’dSN amylose 30 linear chain molecules ummmmam“lvm (recrystallization) 13®
< @ ] N
WUAINI 1YY cooked and cooled potatoes, bread crusts, corn flakes LA retrograded high amylase
<]
maize starch 1TUAY
S A A Y @ k4 J ad 1
4. RS-v:amswinsonIdninmsdands Tassadaluanaansy Tas3insda o

FUNIIAT (esterification, etherification or cross-linking) NINNYNIN (heat-moisture treatment,

annealing) AN INIINGA (extrusion) (Woo and Seib, 2002)

d
Auszluw1v0 4 resistant starch

< o { I~ 7

an5milu complex carbohydrate 7131 1a5aa3101511 polysaccharides tazifuoemlsznoy
[ U A o Y a a I'd
nanveamaiemsuil ifesinlszmudhgszuumaduenns Tasndion lus; OC-1,4-amylase
o Y3 ' < < a o ' o T

nmuludrldanizdosTuanae lulad uazeluTamady Ad e oc-1.4- glucosidic bonds an

Y 1

vinaluanaldiiluTwanang Taa uazQAFuigszuunszumAenades Iy v fion e
oC - amylase ﬁy%"lu'tian‘lmaQaa"luTmWﬂﬁuﬁﬁumm OC-1,6-glucosidic bonds M 1¥iAAN15000
ﬁﬂﬁﬁuym‘fmﬁadaumaﬂmaqa“luu?nm amorphous regions §1M51 resistant starch 15381319
Tuanaveiinumuniudenisdosdaoiouland oc-1.4 - amylase Andaoonvnraduadi 1 didn
uamﬁaw'mﬁh"lﬂ“luaﬁ"lﬁ”lmj 1NN vzt (fermentation) resistant starch ‘18131 short chain fatty
acids 1% acetate, butyrate 110% propionate "l@’fﬁmﬁé“ﬂwuiw butyrate ﬁﬁ”nmmmﬁmsﬂﬁ’ﬁ’mmaﬁ

Y

o o [ 1 a @ { d 1 o @
s 1dna) (colon cells) naziinaddomsniyvoninaiimlss Tonined1d dawalisas
= a 3 o Y ' e Qe gy o 09y
oamnauz3ad 1dInajanns (Wursch, 1999) UONINLNUITIANUGUAINGIF IR I UMY
1 . d' a 4?, 1 Y o Y Yo a [ @ <; 1 a né
N300 resistant starch MNAVUDE19Y 9 T3 1d5vdTandnulusedudining aq

1 Y a g 9 d‘ =) =)
nolvinaguilsz Temidoquanluddun on o
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v ]
- WwnguszAUhnaludeavedilao Tsammu 11194910 resisatnt starch Heru1ia
low glycemic index
:I v 1 91 $d v .
= ﬂ?UﬂNUTWNﬂSNﬂWﬂﬂ]ﬂQQﬂ')H lsAnIU (obesity)
- anszau lviuluwden tryglycerides L1 cholesterol
- 0ADININDIYN

o w 13
ﬂ?]ﬂﬁ]ﬂiyﬂli’)ﬂﬂﬂy’)ﬂ uazamﬂixna‘u resistant starch

v
~

n8u (Musa) Sentuitalaifiite 157 (Herbaceous plant) 1 fauruiialueons Tueeniios
14 sonwamwggmanaznindeldiw iosnnduiinantlaiiuesdisznensn 70% Taedwiin
uhs manlsphiundandeam o1 uonnandolss Tomiduamegnamng sy Safuiii
LAz

~ s Y M o o ~ ' & A o
ﬂiglﬂﬁ"lﬂﬂllﬂ’JWN'q@Nﬁlluvjmlﬂﬂulﬂﬂjﬂwakuqil']ﬂn'm‘ﬂlﬂuuwﬁ\ulﬂqmqquﬂquw(’]ﬂ’ij

[

A g o A 2 Y a a da o ¥y o1y v
WNY LUAADIUDSWY TIUNI NAVIUANHAYFUA %uﬂwuﬂmuﬂszmu"lmm NAIIUDY NAIY

Sy y v Y 3 oA Y o 4 A o e ¥ o oA A
HIN ﬂa'JfJ'l"’U NAYUIAVUDUN ﬂa’)ﬂﬂﬂl!ﬂ mﬁﬂ@‘ﬂlwaﬂﬁlﬁu'wl‘lﬁﬂ'ﬁﬂ'] ﬁquUEWULMa NIYYs b

Y ' Avow ' Yy 1 Y A v v ' v Y v
ﬂa’JUﬂflulﬂu‘ﬂz%ﬂ!lWiﬁaWﬂ vlﬂllﬂ NAIYYIU ﬂa’)ﬂu’NWﬂJ'] ﬂﬁ?ﬂWﬂJm‘Hﬂﬂﬂ NAIUITBIY NAIY

I~ 9 =< aw 3 a ' 1 9 a 3 1
INANUY Lﬂuﬂu NITANHYIIVY resistant starch mﬂuﬂwuﬂmm WU llﬂQﬂﬁUUﬂULﬂULLWﬁQ
. Ao w ' a Y Sy v "y % 3 A P}
resistant starch ﬂﬂ”lﬂfy NUN LLﬂaﬂumﬂﬂmﬂm’n ﬂa'Jval"'U NAIYNDON NAWULAVNUDUN LA NAY
¥in iau Inetenus TnaluTunasening 5224 4.1% 59 61.4 + 2.3% (of total starch, dry matter
. ~ 9y @ A (a =® VY '
basis) lavil ndrerinyniiilSinmgegans 61.4 + 2.3% sesasuuilu ndre'l9 577 + 1.1%
é -
(Vatanasuchart et al., 2009) %Qﬁ@ﬂﬂﬁlmﬂﬂ‘ﬁﬂﬂu%@ﬂ Englyst et al. (1992) 11aZ Goni et al. (1996)

anuutlandrefidTuna resistant starch 51.3% 89 53.1%.
Tongdang and Saasagal (2006) ladnsautiAninionin uazdnyuz Insaarafaaasy
Y :’ b4 Y a ' A a o w A w =<
VBINNILUIN tagnaderu wuNTUTae luTaa 26.9% 1az 23.29% auddy Senymenan
.. a A <3| o w 3
(crystallinity type) ¥UA A TAINNWTUNAN 23.98% 1Az 25.11% AWAINY 1HpATI9d0US Y
differential scanning calorimeter (DSC) WuiAIANUToUNTA10TATIAT19 17.43 LAy 20.16 J/g

' o C) @
FNNAMIBING1 nazudizndg

@

Hu et al. (2004) 1AANH resistant starch (RS) and in vitro starch digestibility “lu%’m%’muﬁ:

199 idouu3 Inaludszmaiu TaoswunawFinae luTami 4 NaY WU I1uAazsiiall

@ a

U5 RS 18z /1 glycemic index (GI) uane1aiy siugniuFunamo luTaage sxiSinu s 9

v d { A (a oA
AW WY indica AT amylose 26.8% [1Tu10 RS F99A 3.2% dry weight Hazai 1da1an3

Y

¥
Y v daa

AIIVADVAIY rapid visco analyzer WY NIRUTLNRouasnnuniiadinintriaous

k]

= 1 . . ‘; A [ dyl ] ~
ANH Laziin estimate glycemic score §11 %JUQ%DTGYTJJT:IOT]‘LH’HHmiﬂ’ﬂﬂ‘lg\}ﬂ
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nsmlsgdonmsdmanutlalinane resistant starch A98N521UIUNT retrogradation 15U

¥ v v v P B a Y o . A

M3 IHANTOUAIINITAN (boiling)NYUHNN 100 °C Anuau loti (pressure cooking) N1 121°C

. . 3. ¥ " V=R a o J . & o ¥
11AZ extrusion cooking ITUAY Viilalobos et al. 1AANHINAANMMN Tortilla ¥3%1910917 Tnalag
r A A Y 2 A Yy Y LY ‘ﬂ '

N52UIUNIT extrusion MATOUAIY 2 TUADY AD N1TANUI Ina iy Masa Lm:ﬁﬂ"lillalﬂl‘ﬂﬁ
. Y Y . ' A 9y < " A o a [

(steeping) 1914 Nixtamal nouN9E extrude uazau“lwqﬂﬂsamﬂu tortilla IUDUIWANAAIINLLADL

v 1

o =< ' . ' .

VUADUNIANHINU I tortilla 31 RS-II1 (3.12 %) 99011 Masa (2.05 %) and Nixtamal (2.18%) 1319
@ ' ' w 4 3w '

ey retrograded corn starch A1 RS-IT MR 1.99% 1azilonusnEIUINDe 72 ¥3. WU

@ ]

by A £ g A = y ¢ a a By
tortilla ATRS-III ’qwunlu 3.87% maﬁﬂmammﬁﬂaﬂmmau"lcummumaﬁ N30 in vitro starch

@ d

' a Y @ ] @ Aa aaa £
digestibility rate W11 HAAAMNG12 Twail ToAT1N13600 50% MAIIAIGTIIHATT 60 LT &3
@ a w @ 4 1 < ' a o 4 1 M [}
Indifsanunaadum Sy ug nazamsngos 14139091 WaATUIANGUN 15U cooked beans and
Indian legumes

A o

Sagum and Arcot (2000) IdfnsImanslgdniugaes niensilignaioisn1s v

a

J a

v BT . N " b ' ia (s
AWTBU AD1TUIU RS and in vitro starch digestibility WudMAvATUTinme luTadgaezil Rs-
. ] Y Y o &y 1 Y v & a
II q\i LIHYUNU mawﬂmjﬂmamimumeﬂ’nuﬂuvlam ﬂun‘wgﬂﬂ@ﬂﬂaﬂtau"lmuﬂlmwwua:u RS
o £ g A
@189 Futlu retrograded starch 1170 RS-III
YR a i VY ] =t =
Gonzalez-Soto et al. (2006) lafnuInsing resistant starch 910 A28 V19 1Teuney
v 9 Y A N . z
ALY THA A28IA5 04 experimental single screw extruder of low shear rates and only one heating
1 a o ] " w
zone of 130 O“lf WUN ﬂﬁuTmﬁﬂWi‘Bﬁl’mﬂ%’)U HEUN Lla‘&ﬁ‘lsllTJIWﬂ ININY 96.8% 95.3% and 97.0%
a1y Usuae luTaa mAy 34.9% 37.1% and 33.7% A1uE19 1 133798 resistant starch 910
Yy A a Yy o ' = \ ¥ ~
ﬂﬁ]U‘VINﬁﬂ‘lﬂﬂ’JU screw SpCCd 40 rpm llﬂ"l’q@q@ 4.98% muﬂimm RS 1 USUN !.mg"UTJIWﬂ N
screw speed 30 rpm WUNTAGIGANIATY 4.05% 1Az 2.05% MUAIAL
¢ o a @ o A (A ) A A (a
AMIFDIASHANAUNDITUTUIY resistant starch 9 1090 ITUTMIM0 0 Tadge 517
40% Usznouiy 31 TA59a31901Y amylose-lipid complex d4WalAIANINUNMIUADABNITIDIAIY
J A a
Lau"lqm amylase 91031831UVD Osorio-Diaz et al. (2002) m"l&’fﬁﬂmﬂsmm RS and in vitro starch
5 ue s a w U + A o ' a Y = =~ @ o +
dlgCStlblllty i]'lﬂwﬁﬂﬂmcl’lﬂﬁﬂiﬁﬂﬂi%ﬂ@ﬁ‘ﬂ%?ﬁﬂ?ﬂl‘ﬂﬂﬂWiﬂW L‘lJiUULVIﬂUﬂU!L‘ﬂQﬁ')‘UﬁiﬂﬂﬁZﬂ@Q
q‘; Q'J a . 9 as
Lmzu‘i’hmm"lﬂ lLﬂZﬂi?‘ﬂﬁ@UﬂﬁN?ﬂl resistant starch (RS-I RS-II and RS-III) IﬂEJi’HJ A38U7D
Goni et al. (1996) WUNHIUTTYNT2il091) RS A1 (2.4%-2.8% ) yugiudlanaiin 4.4%-56.1%
Az 1WenIvaoUYT UM retrograded resistant starch (RRS or RS-III) AeIBNITUDY dietary fiber
. e o oA 4 & Ao o oA o H oA o ' ° " w
residues WU31ﬂ3N1mﬂ1ﬂ31lﬂ@Uﬂiﬂﬁuﬂ Vlﬁ'lﬂfgﬂﬂﬂ'lﬂ'i$1J@\‘lllﬂ"l'§'f]¢\516@ﬂﬂ'lll'lﬂ NINY 20%

@ A aan Y ~ ~ o oI v v AV ow [
Wﬁﬂﬂ?ﬂlillﬂ{]ﬂifﬂllﬁ’) 60 UIN YN cooked legumes LL'L’IZ‘V]Hﬂuuﬂ\‘lln’iﬂﬂﬁ‘]JlJﬂ"IﬂWﬂﬂTiU'E)UILN
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o A A Y o A v < s o ¥
317 60%-80% Y103910 60 UIN L1UDIVN Llﬂﬂﬁﬂllﬁﬁtﬂul!ﬂdﬂ lﬂ‘iﬂﬁ’iNLNﬂﬁﬂﬁ‘ﬁgﬂ‘VﬂﬁWULm’J

1 =1 1 Y 1
‘UNﬂ’Ju%QFJfJUIlﬂQ']Uﬂ'J"!

Antioxidant Activities
Y a A A A wa @ A a Aaaa
msieyyadasz Ao mshilguauiialumstlosiunievzaoniainalfazernnds
a [ % = a aa a A A d’d
ouyadaszAy vy Tsfu naznsatinndon eyyadaszae Tuananioozaouvesa1sig
ad a A 1 . 4 ' dy 1 a aaa [~f a 9
IANATBUDATLNYIAG (unpaired electron) WeTmartivg Iaenmsinal §nson naziuiy'1d as
v a & v Ao 9 a Y S A A A Aa Y
musyyadasztivvzny ldluisinuazwa ldvainnareyiia ndrefdiiluisdnyiaiiiasdu
a lé ] Al A 5 P
YYADATE ffnw:@gcluﬂqwm flavonoid ¥9923Ja15 Catechin @13 gallocatechin (Someya et al.
. . [~ @ ' o d 5’ I 1a ' ay 1 @
2002) tag gallic acid Wuvan Tasudaziugiuniisuamsmariiuanaianiu i
Mendez et al. (2003) Tafinwytianaz/Summsiueyyadasz laonlsouionlundqe
@ 4 4 A s
0 2 WuT A0 NdI8910 Tenerife (Pequena Enana) 1AzA338910 Equador #931A5121 20 HPLC
Wi Tund10910 Tenerife 1102 Equador Ja3duoyyadasz Tunduuad Catechin 12 Gallic acid
:J’ @ c’g a 1 @ 1 1A
Tagvisaeaufiiudlsams Catechin @19iu TAnA16910 Equador H11nnnd1 uallSuimas
) . Y > a2 S a T S~ { Y1 o Y o Aa a 1
Gallic acid vonaIgMIdoIiuguillTInuminy Juriuldiiuguesndiniiuiioninade
a wa Y a dyw = o Y G Y a o 4
Uninauazquanidvesmsdmeyyadass vensniidainsindis lilszond14lundnds]
v ]
11151%U Ovando-Martinez et al. (2009) laAnu1/Simansil Tuaaanualunilaniadt Anew
[ 1 = Y a Yy a d a a 9 a
nuszrauthand uazulandrvdugeqa 45% udrTineridszansamnisdueyyadasznn
. { @ Y a a
polyphenol, condense tannins 1102 hydrolysable polyphenol Nanaannutland10aua1e73 free
radical-scavenging assay (ABTS) W91 HAI0INHIUNTZUIUNTANEN Wiadfildumanveanile
ndae 45% Hszansnmlunsdueyyadaszmanimadi hifutlindsovaon Tasnnis
' ' b4 )
Uszaniawlunmisdueyyadaszand hydrolyable polyphenol AT URG 35 1911 1110
= = [ 9 a u’/’ =¥= =1 a 9 a
wssuiieuiundanadnlng lulszmalnafufinisAnunlFinuvesmsdoyyadaszuo
Y oy y Y] 4 1 a a aa:
naverhNgnliouinoununalidug (Patthamakanokporn, 2004) WuUSumen il Tuaniamua
A Y as . . ' Y S NALTA ~ a o A A
NNATDUAIYID Folin-ciocalteu W1 nAo1i Il Tudadifiqaio 14405 mg100 o
= 1 g P d’ =3 [ ] :‘ £ ' ~ u‘/ @ d. .
MM gallic acid iorguiuugsiininen 18 uziiuiionais 15a faga Tuvasi Lim e a,
v H '
a a y o Y a . . @ 13 1 a
(2007) vulFainail Tudnveendrntidaes Folin-ciocalteu milouu uailundoun sy
Y = ' A a = a = ' . - '
VINAY tazININNUAEe WuNHUTINUWTUEA 517 mg/100 g IR0V gallic acid H91nN 7
v
Y o ¥ 1w 1 '
20111 3114N15M1AADIVD4 Patthanakanokporn 1fi01 4 1161 Sa019n@11 1491 orgvesndao uaz
[ [~ w el e a a :’ :/l a
urawzlgaeniluadeii IdSunamsilTuaa lundinirhaniadesmsnaaesiilsuw

Aanaany



3-13

v
o ¥

Ao @ g ' a . [ [ Y
MIANEIIINATDINAIB1IIIHUFA19 ATV resistant starch L1ALOATINTEDYAY
o :: CZ S . e =< ' ~ o a A Y =< E%
ou'la] 571979 a1l antioxidant activites 33u1aulaNvzANIUNT i 1¥ins1uDan s 1%

:: a ! § a o =2 3
sz Temindreisauuazanimungaun1¥510m resistant starch g3 naznawdamafasunlag

e

v =) g ;‘ : o
ANUANIUAN NYNN Iﬂ‘jx‘iﬁ%}ﬁﬁﬁﬁ‘lﬂﬂNﬂ “ll’e)dﬂé}’.]ﬂi‘l"l%"l c?imwmﬁmﬁuummqmmuzuﬂw

Yo A a vy J 9 dqu 4 a
Uszanpuiinmanennd Inanaiorihinlilsz Ternidogunn AaeaIuaINInveIeNTHANT

QU

v v
AMAYATINNITY HazduAsuMIFIaniihean)szmasmiailunadaeinasnsiitmizalgn

Tagn1adow

sLgUITAUHUMTIDY
= Y3 ) Vv
1. MIIMIBNAIBENINAIE

'
A A @
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@ a

o wa 1 9 o @ a  w 4 '
i llasasuaumnianieg vaz lmiluiagaulumsianndasusiesae 11

a

~ o ' F ¥ A v o & '
1.1 Mawssualogatondaleaa ;- Uenilasnnale nasiuainyAduLHuUIg
FY 9 A o 3 Y Y v A @ [ < ) o o <
Usznm 1 un. agninaIndleniunavua lidinua dnldgaeu 500 N3y 31491 10 99 vuAY

@ Yy v a A wa 1 1
5ﬂy11u@'w’lﬂﬁli -18 °of LW@ﬂWﬁﬂi?%ﬁ@UﬂiﬂﬁﬂUﬂﬂWﬂﬂ ﬂﬂvlfﬂ (MANUIN 3-1)

' v ' v
1.2 msm‘%&uﬁaammﬁmﬁ"m : ﬁ1ﬂ1i‘fflﬂﬂ1ﬂﬁﬂNﬁﬂ%ﬁﬂ‘ﬁﬁﬂiﬂﬂﬁ%ﬂﬂﬁuﬂ ua:wam’ﬁﬂ

= A Y o @ [l q Y @ Y
1/]ﬂﬂﬂ&ﬂﬂi’)ﬂllaﬁu1llTWHG]"I?JGU'JNL;]HLLWUUN Uszanm 1 uw. NwHIvE@ue uUUA ’E)‘Uclu@"f)'U

J v
@ o £

[ I~] { <
audou 55-60 o sz 6 s, uaratu it unsazidea uazsuiminudlandlenld 1y

[ @ a [ d

d' =Y 4 o wAa 1 3 @ =Y
sﬂymgquuﬁ'm e llasradouguaniianieg ua:“lﬂi?gﬂu'mqvm“lumﬁwmumaﬂnmm
m13a0 11 (MARUIN 3-1)

v 1
Amsumsanszimanil deeathindlsundivinuaazideadnasinila lassou

' § g @ [ ) [ wAa 1 '
WIUALLNTA (sieve) YHIA 100 mesh Lﬁmﬂumam&mmum’n‘mnﬁauqmﬁuu%mm ﬂf]vhj



3-14

=
ay

v
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. Y oy k4 v a 2
Figure 3-1 na381101 3 WuUfH 3 TZUZANNAV-GNNANY

2. msdSuammvniandelvinanfSanm resistant starch Tuszdnga
° <3| 1 a  w o o ' 0 =
lumsihudandenlihudnmanlurdasusiomsiuiudosiumsildgnuasd
o Y g &4 4 o Yt [ = 9y
anvuzuiuilunuiemsouenemsuazmausnu liiianmlasasedue1ns 54ldnaans

[ @ o a a,
USuanmuilindronniuguzasesdas 3 35ms Ao nisdunazeuan?eu (boiling and hot air

v b4
drying), extrusion cooking (18 drum drying TaoTiiunoua il
v v
2.1 Boiling and hot air drying : Vimandloian)den $1uau 14 gn viwnin 1.2 ATan$u &y
$ a . a4 o v £ L qud Y =
Twiu@en 2 liters 1unan 2,4, 8 uaz 10 W $119w 4 gansnaass dnduia ¥y 1d3aden
v g ' ~ a o o <3| =

nlaenuagiuiuniuig ouliudeiigumgil 55-60%% w6 ¥ 70 udratuliiuniaziBoa

JOURTUAZLATIVHIA 100 mesh INOATIVADVYS U resistant starch



2.2 Extrusion cooking : 1dnanaanaautlandiod fuanInaiomsiauaiuna pectin, guar
gum LI citric acid ué’avhuﬂszmuﬂ1sﬁﬂﬁqmﬂ§‘m Twin Screw Extruder with 3.0 mm. diameter
die hole (Hermann Berstoff Laboratory Co-rotating Twin Screw Extruder g'u ZE 25x33D, Germany)

< @ :‘ A a o Jd o [
Tdanzanuiaang 350 pm a5 mstlowii 30-40 Hz gunpiindafuet 120%% dmFuang
A = Y Y o Ay v Y = ' '
lﬂi@diﬂﬂﬁﬁilﬂﬂﬂqﬂllﬁﬂﬂiu NARNUIN 2 LAIUT extrudate ﬂ‘lﬂNWUﬂiﬁlﬂUNQﬁzlﬂﬁlﬂ TOUNIU
AZLUNTIVUIA 100 mesh 1NOATIVADUYT U resistant starch
d v a y v y A o 2

2.3 Drum drying : hlﬂ‘ﬂﬂﬂ@\‘mﬁﬂllﬁ\‘lﬂa'JUﬂi‘Uﬂﬂ'lWﬂ'Jﬂlﬂﬁﬂﬂﬂulﬁ\‘luﬂﬂgﬂﬂﬂﬂ NI

" =) A? Y @ g A :l ' (=)
drum drier IAOMINTOUIHONAIY 25% HANAD pectin N30 guar gum 5% adlurinlal aziasou
@ ] - 1 a a A A Yy A ~ @ [ o w 1 y Y
A208197 liAw pectin 130 guar gum e 1H1fFouRouiudiedianlugu 1hdedianuld

a A o g Yo = a 1) v A o v Y
azLYIAUIY 1 UIN VHGlm‘IJuL%aVIQEuHQM 80 % AUNDDALINN llagwﬁuiﬁlﬂl‘l!uﬂlﬂﬂqﬂuﬂjﬂ

]
I a

. o < o o °
Lﬂ?ﬁ]ﬁ homogcnizcr UIU 30 ‘Lﬂﬁ m“lﬁ'mumué’amﬂué’mqumwQu 4 o“]f Lﬂunm 1 ﬁu m"hJ

o Y ¥ 4 a o v =L ) = ' '
MUYAIYLAT O drum dry UNANN 180 ~¥ Llﬂ’JUﬂG\’J’E)UNWIlﬂGIWLﬁuN\iﬁzlﬂﬂﬂ TOUNTUAZENIN

YHUIA 100 mesh Lﬁ@ﬂi]%ﬁﬂuﬂ?lﬂﬂ! resistant starch

% L 13

3. MSNWARIHAAH MNainNa 8 (banana snacks) 1A8NIZUIUMS extrusion cooking
a A w o =1 4

Tananownaaranf U aITiANA8 A201AT89 Twin Screw Extruder with 3.0 mm. diameter

die hole (Hermann Berstoff Laboratory Co-rotating Twin Screw Extruder 'iu ZE 25x33D, Germany)
) ' @ [} Y 1 w o a :I @
Taolduilawanszniedediuilindrouaaziug (uzases uazazoanil azy1IUIa) MANTY
Y 9 @ [l 3 A Ao

LL{]QGUTJH)'I 394 4 “IgﬂﬂTi‘Vlﬂﬂﬂﬂuﬁﬂﬁ’Ju 40:60, 60:40, 80:20 L1z 100:0 ﬁauwuﬂsmmamas

< @ :’ Jd ) @ 4
AMUTIANY 350 rpm AT 1N3 IO 30-40 Hz guungiindnimm 120 dmfuan1iziaTea

& A 9 d;’,' a a o 4 = Y [ dy
lﬂﬂﬁxl@ﬂﬂ‘lﬂuﬁﬂﬁu NMARUIN 3-2 IW;IM“U‘L!G]?)‘L!ﬂﬁWﬁG]Nﬂﬂﬂmmﬁlmﬂﬂﬁ’wﬂﬂu

= Y y oy y v
Wlﬁﬂll')ﬂi}ﬂ‘u llﬂﬂﬂaﬁ]ﬂu’]'ﬂ Llﬂgll‘ﬂ\i‘\n?m']

9M5189U 40: 60, 60:40, 80:20 A2 100:0

U

3 d @ 4 .
wan IvidihuiieiReriudiuin3ed Telegram Bear Mixer

U

Lﬂ?@ﬂ Twin Screw Extruder
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v
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(AT gungil oAz Mstlou tazamEITOUVDIANG 40)
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4. MINBINANNMNTANANEIY (banana biscuits) IASAIZVIUMS baking
Y a a @ da a Y @ a w dy Jd
1adnaasnaananiuidanandloszaugadimnssy o 159uu5Enn1sa dad
a o o o w 4 ] o @ @
SumesIuF UL S8 U 44/4 Wy 10 oUUNTE3 W 2 Suneiiles Jardadynsains Taonis
:I @ o : @ o @ ]
w3 ouutlandrniriininiugazes niwauduuiadrud S1uau 2 gas 14 dandiunilandae

v v v
45% 1182 60% Wauduutlatn i Jassiiinui) laelidiuray §9i 1ag YuadUNITHAAL AN

Anale dauaaaly MArLIN 3-3

AN qas 1 gns 2
uilandoe, Alansy 12.5 17.5
uilataud, Alansy 22.5 17.5
utlaiudnlenas, Alansy 3 3
utlafurss, Alandu 0.6 0.6
uflaand, Alansuy 0.6 0.6
WAy, N5 60 60
ﬁymmmw, nlansu 1.1 1.1
Info, N lansu 0.2 0.2

Ulan 12 12
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v a a o ¢ A A k% o A .
5. MsanNEaANanN MIN5 09NN IBMad uSagUNIUSanw resistant starch g4
9 a a o s A A Y 9 < da (a ; .
lanaaoinaanaanuaingosaunaIonedui ozl ATiU5 10 resistant starch g3 (Prebio-
3 S kY Y IV 4 a i Yo [ a .
banana drink) Taolguilsndreviuguziaosn ldkunisdSuaniwlineliuia resistant starch Tu
v o Y P 0 q ¥ v 5 & o & o
szauiwann 1dgagadioitmsi lgnuazouuds awde 2.1 gasidanniuiidiunaunila

Y = 3 @ o @ dy
AAUAAZIDIAI UKAN 911U 2 qag e

aIUREN gasueaniian (%) gaslnln (%)
NAIHY 40.0 40.0
yhamansioun (VIHNIAITHA) 25.0 25.0
UK (AT1AIUATAR) 23.0 19.0
Maltodextrin (‘U?’gﬂ Nutrition Sc.) 10.0 10.0
nAuNedAian (USHM V Mane Fils) 3.0 -
Halnln (158N Van Houten) - 6.0
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6. MINTIVADVANIA prebiotic properties
v
a Jd 1a 2 1
6.1 UAT1ZN13119 resistant starch, digestible starch LIQ1Z total starch VDIAIH1IHBNAY
9 @ 1 a o I w u’/’ o d :g 9y A (v 9y
afuny LLﬂQﬂﬁ’JU HAZAIDIWNHAANUNNWAIUINVINTIUNUT 3IUMN uﬂmmwﬂwﬂmwiwm
13319 resistant starch RRIGH uilatndn Taeldis enzymatic assay INUTHN Magazyme
o w { 4 Y . .
(McCleary et al., 2002) Lﬂuqmuﬁ1ﬂﬂgﬁ1%}ﬁﬂ pancreatic alpha-amylase D80y digestible starch
) . A ) A A A Y Y
nagly amyloglucosidase IW®U®Y resistant starch MimdennsuenmIzadlee 1a glucose
molecules 1Az IARINITAANAULAIAIOIATOI spectophotometer NAIIWHIINAY 510 nm A1
U310 resistant starch HAzdigestible starch 91081 glucose (mg) N1 1A AmAI0 0.9 LAy
g g g A
13170 total starch 3ZIMINY WATINVDIUTUIY resistant starch 1) digestible starch J10021009
v
@ a J
mumaumimﬂﬂzmmm"l”ﬂu NMARUIN 3-4
v
w (] 4 . T @ ' Y
6.2 NIIVADVONIINTYDYANITY (rate of in vitro starch digestibility) "UENWJ’OU'NlﬁﬂﬂE‘]’JU

Yy d oy W > MM o W Y, aa & .
l!agllﬂﬂﬂﬁjﬂu']j'lwuﬁqﬂrm‘r] TIUM Waﬂﬂﬂ!m‘ﬂwmu’]qﬂ ﬂnJ'J'ﬁﬂTiﬂﬂl“JﬁQEUEN Goni et al.,
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(1997) 1 1M 1UDAUTANTAINANIUNUNIUYDY resistant starch  ADN1TE0A 810U 193]

(porcine alpha-amylase) 1714 glucose molecules mndeuiioala Tuyrana 30, 60, 90, 120, 150
~ ° I~ a . J § & o W ! Y o 1 AN Y P

and 180 1% TaeR1mauduilsuna digestible starch Ao 1117AAI9619 1d211A19 18 (%) 11319

4
1 1 @ a d
nNResZEZIIAINSURY ('Lﬂﬁ) 'iwamﬁﬂmuﬂaummtﬂﬂzmmm'l’sflu MANUIN 3-4

7. mimnaauqmé’numzw?\mﬁ’mwﬁﬁ’wm‘lﬁ'

7.1 Texture characteristics: ¥M3ATIVTRUANBAZIT TR IGO0 KRR U A TiAnEe
(extruded banana snack) Lo ﬁﬁﬁﬂﬂ%ﬁ]ﬂ (banana biscuit) ﬁﬁmm"lﬁ ﬁllﬂlﬂéﬂﬂ TA.XT21/25 texture
analyzer, P50 cylinder stainless probe U3INAAILEATUTI 2 mm/sec Lﬁ@ﬁWﬂﬁﬂi’Jiﬁﬂ AWIUY
Lﬁ%’@ HaE ANNUNIDU(firmness and crispness) mmﬁmdmwiamgﬂmmﬂam%"mau 20 GT?US’J?J“IF;:Q
A1 bulk density (g/cm3) Az Al expansion ratio (cross-sectional diameter of developed banana
snacks to diameter of the die)

7.2 MINAAOUNY T2 MTUAA (sensory evaluation): H11N1TATIVADUAMANHMY
ANUIDULAZMTBaNSURAR SR WAL 3 wiia 1aun KansuaTauiiando TaRandle uas
in3oeRunAIorad 3 931) TaodFu 25-30 A 1935 descriptive test (1 — 5 scale) 1A% acceptance and
preference test (1 — 9 hedonic scale) Tud & dnpazalsing nau samnd ioduiia anmnsou

HAZANFDVLALNITEONS Y TAeTIu nuvlsziiiurnanaaoun il seamduda naaalilu

MANUIN 3-5

o a o J

8. N3AIIVADY nutritional compositions YBIAIVENINGIY HATHAAHUN
A q oy ; Yy v “ N Yo a 2
wolv lansguaimalasuinisvosndrothdmeauiug 1akinisasiniingizy
Y '
proximate compositions HAZATWAII, U leomisianue (total dietary fibers) {ERRIRERT

v Y v ¥
azanvriay 11iaza101i1 (soluble and non- soluble dietary fiber) Haz1l5 1011017 INLA (total
:J’ A g s a

sugars) 39394 glucose, fructose and sucrose NIJUDIATZNOU #7071 AOAC standard LazHigh

Performance Liquid Chromatography

9. MINTIVADY antioxidant properties VDI I0E19N ¢ (MANUIN 3-6)

wa Y a

% =) a d‘d
9.1 ﬂﬂﬂﬁ']iwiuaﬂ !,Lm,”miﬂﬂﬂﬂ!ﬁﬂﬂﬁﬂiuﬂqgaﬂﬁiz
@ Ao a ¢ v A 9 A v y <
G]’J’E]EJN‘V]‘H"IM”I’JLﬂiWﬁﬂi:ﬂ’ﬂ‘Uﬂ?U IHDNAYTARA !ﬂa@ﬂﬂajﬂﬁﬂ Llﬂ\‘]ﬂﬁ’)ﬂ Uy auun
b4 A a F% ! d’l v A Y ' @ ' @
ﬂﬁﬁﬂﬂﬂﬁﬂ%]ﬂuﬂﬁﬂﬂjﬂ 100% 1uﬁ?uﬂlﬂdluﬂﬂadﬁlﬁﬂuﬁ&ﬂaﬂﬂﬂa’JEJ thGlTEJUNiﬂfTﬂﬂMﬂ

Y A Yy a v ' v e v A ' A g & o
1038 3 3282 A9 NAYAL NI LLﬂSﬂ'ﬁ'JEJ’LIﬂ ‘UWﬂULIU'Iﬂa'JEJ?JTlJ'B)ﬂL‘lJﬁ@ﬂ mumﬂumamm
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Y o & & Y 1 3 o 1 & ¥ A v
aahazoauaziuusuulszina 0.3-0.5 mm udrguinudlsdiuiondlouazildenndig
Tugem/aainngungidini 20 ¢ mindahiunada
v Y
@ ~ a S o 9 v @
anamsiTudanniiendisTaniuilondioda 30 A5 INARARIBTTa2AY methanol
~ 3 w o o @ <3|
100 ml1u blender NANIMTITZAVGUTIUNAT S W T l)anaaolu water bath shaker 1Hu1a1 30
a9 o . A X ~ o 3
i uanir centrifuge IWDLUNTITALDIYDONIINNIN centrifuge NAINLTITOY 4500 rpm 1Wu
Vv

a1 15 Wi udwenmsazaeoen 1hnnNataId18m5aza1s methanol 50 ml WHIAITAZAY

1 Y Y @ o @ 1 o 3 4
naznin Tdnua i ladaaelu water bath shaker (11921 30 119 18151 1) centrifuge titon

; < < & S g

A1302A1890NINNIN centrifuge NAMGTITOU 4500 rpm 1T UIAT 15 WIRDAATI MNTAV AT

'
a

@ ¥ o ' o @ ) a g @ ' < Y a =
ana 1 ngaungiding -20°c minds izt msadalinisiuPAuwnu 1@ou win
< @ ' A a ' ° Wiie ' ° ' <} Y a @ Jd o 9
nudee1 1iNgungigandt -20°c uadinino’c liaasnuAinu 1 et marzezile

wa Y a =) a
Auauta lunsaueyyasaszvesmn sl ludnana
'
onsdInveIdIedarmyazaslumsanavuegiuiavesdiodedanandluaisg
A’ o 1 \ ~ :ll Is) Ay a =) “a ' Al Q o ' d’d dy
iieann ludedaudazyiiaiuiinway uazlSunaasi Tuda ldmdu dedailinnuiug

=2 q 9y |a ' o 'V AA A = a 9 v ' Y |a o ' o '
valwlsaunnd vazarednaniuTnam s Tudaudung 1405 nad 108198109

AUV MBIz TazaeluNITana

MsanasauN 1 Msanasaun 2
MoEa -
o W 1 =Y
WmiInaIe8 (g) | USinaasazais (m)) | YSanaasazae (ml)
F )
1119NAY 30 100 50
aonnane 15 100 50
Y
u1)4na78 / snack 5 100 50

A £

a d a 4 a a
9.2 syl luaa ssidguanialunisdiuouyadasy 1o @15 condensed
a a d a

tannin: 153719 Total phenolic content Jlﬂ'ﬂzﬁ{?}”w’;% Folin-Ciocalteu assay (Waterhouse, 2005)
wAa a a Jd Y a . “ »

oy ﬂmﬁhﬂﬂﬂﬁﬁTﬂ@uy)ﬂﬂﬁiZ’Jl,ﬂi"l:iﬁﬂ)ﬂ 2 7% Ao 1) Free radical scavenging capacity by

DPPH method (Brand-williams et al., 1995) 112 2) Ferrous ion chelating activity Tasnisian
a g |a

absorbance 562 nm Y03d151/52n0U iron(I1)-ferrozine (Lim et al., 2007) PR ERIGERPA S IER TRE)

p a Jd |1a . as . 2 d ad
Codensed Tannins: 31A31%1/5119% Tannins 1875 vanillin assay mﬂﬁxqﬂmmmmmm Chavan et

al. (2001)
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1. NﬂNﬁﬂﬂ]ﬂﬂ]i!ﬂ‘SﬂM!!‘ﬂﬂﬂﬁ]ﬂ
v

a @ ' Y Y : Y v JdnyY an °
lunsmdoudodnanilandrsninndiotiihaa 3 9ug 1dun uzdeos azeonii uaza
4 @ a w Jd ' a z a . @ '
wIa ieMIAINA A 0IMTNUFgAT T suTU wardautlsndef 1dvindaodanaie
1 a 0 1 @ o a H [ o :’ °
nanazriialduanal3lu (Table 3-1) wudn Wugugdees uldonnueniiugazesair hiln

3 a

2' @ .:'7 Y Pa A o Y V a 1w 1 ~ 9
L!TWLIﬂl‘l«l'ﬁ]ﬂﬁ')U‘Vlﬂ@ﬂlﬂa@ﬂllﬁzﬁulm'ﬁ‘lﬂ % WAKARN (81%) qammuqmaaﬂmaxﬂmmawVlﬂ
a " w o w v A ] SIS, v @ '
% WaWaa NINUY 71.8% LA 62.2% N1ua1al LLG]LM@@ULLWQLLﬁ%ﬂﬂHLﬂULLﬂQﬂﬁ'JfJ AAUNUIN
:’ @ o d :l a " v d an
lﬂ?‘iuﬂllﬂﬁﬂ%ﬁﬂ%TﬂWUﬁﬂz@ﬂQUW ﬁ“o HAWG® (35.2%) INNNWUFTUSADO (30.3%) Lazv1IUIA

(30.7%)

Table 3-1 Yields of banana flour processing

Samples ‘Mali-ong’ ‘La-ong ‘Khao nuan’
nam’
Banana with peel, kg 90.0 96.0 99.7
Sliced banana pulp, before drying, kg 729 69 62.0
% Sliced banana pulp from banana with peel 81.0 71.8 62.2
Banana flour, after drying, kg 22.1 24.3 19.0
% Flour from sliced banana pulp 30.3 35.2 30.7

: v d
2. Prebiotic properties Y94na381131 3 Wug
N15A5I9A0V1T N resistant starch (RS), digestible starch (DS) 1A total starch (TS) Y03
@ 1 4:’ 9 oy Y a 1 Y] d a Y ~ a 9 a 4'
AIDYNLUDNAIYUIIAY YU LlagiIﬂ Wuﬁﬂ%ﬁﬂ@ﬂLlﬂZLL‘ﬂQﬂﬁ')UﬂlﬂiﬂM%Wﬂﬂﬁ?ﬂﬂULWﬂ%%

° 9 o [ a w d 1 @ Y 1 a
m"lﬂ“l%nJumuwauwamnmmmmnw muﬁm‘lu Table 3-2 Nﬁllﬁﬂﬂiﬁlﬂuﬁﬁgﬂxﬂ’ﬂﬂﬂU-Qﬂ

[

v
a o J a ' a 1
(ripening stage) 3 5291 ¥panA01 IR UTUzAoeTiHaA0YT 1A RS, DS 1Az TS Tagwn11 RS

v v
] A @ S A

VOULONAWAY (57.1 T 1.2 1./100 0.) LAz (58.8 £ 0.6 1./100 0.) NalnalReady vuziiie

' v v v v v v
ndaogn (17.1 £ 1.1 n/100 1.) A1 RS diiga natilium RS fingrawnlunsaiideandeaiy

q

aw

[ 14
NUATERRIUNT (UATUAT, 2552) UBNIINHEIMIHANIATIIdOURIDENTNAIY (571 1.5
v ' ] [
n./100 n.) imIndiRosnuiiondlroan uazudladniUsum RS Aunniiqaiioiisuiu (0.18 +

0.0 /100 N.) SMTURANITATIVAOY DS WuINAeTuszauANgnTUSI DS 36.0 £ 0.4
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A £ <2 ¥ A ! Y vy a ' A w '
n./100 . q\iﬂf:fﬂ “Ifﬂﬁlﬂilflﬂﬂﬂ’)ﬂﬂﬁﬂﬂzEJ’E)U"lﬂNUﬂ’J'Iﬂﬁ’JtlﬁzUgﬂULLaZ‘VHN mm:wmammﬁq
Y Y a |a =) ° U A =1 [ 9 a 4 o
"’U"I’]L%nlﬂiiﬂm DS q&t‘m 87.2 % 1.7 n./100 n. L‘W51$1Jﬂ"lﬂblUGﬂﬂ’NLM@WIEJ‘Uﬂ‘ULLﬂQﬂﬁ’JfJﬂU“ﬁQM

15370 DS 189 10.3 £ 0.2 /100 1.

Table 3-2 Prebiotic property of ‘Nam Wah’ banana and their flour samples (g/100g, db)"”.

Samples Total starch Digestible starch Resistant starch

‘Mali-ong’

Banana pulp

Unripe (green) 674t 14° 1038085 570t 19
Almost ripe 777t 1.0° 189+ 04" 538 1 0l6
Ripe (yellow) 530X 1.5° 36.0+ 04" 171+1.1°
Banana Flour 784107 2131+08° Sh et 1.8 8
Rice flour 874t 178 g12 13" 0.18£0.0°
‘La-ong nam’

Banana pulp

Unripe (green) 87.81+29° 2441+ 06" 634t25"
Almost ripe 700+t 03" 265+08" 434%05°
Ripe (yellow) 595+6.1° 460+ 64" 135%+03°
Banana Flour 83.91+ 19" 2481+09°" 590+ 12"
‘Khao nuan’

Banana pulp

Unripe (green) 825+t19° 1841 0.6" 64.1£13°
Almost ripe 716t 08" 322%13° 394+18°
Ripe (yellow) 5320+ 36" 388+22° 143+57¢
Banana Flour g07F 07" 25.6+0.7°¢ 551%0.7°

I y .. .
Values are an average of triplicate determinations.

2 5 . 3 5 $
In a column of each banana cultivar, means not sharing a common letter are significantly different at

p< 0.05 by ANOVA and DMRT.
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NNITATIVADVT U resistant starch (RS), digestible starch (DS) Lo total starch (TS)
o ' § J A ' T & A A a
vosdadaionaretidy v uazgn Wugazosniwazuilindieiinionvnnarsan (Table
Y ' a . § @ Y 3’ Y o °y = 1
2) naaaliiuIs2ozAUAY-gN (ripening stage) 3 52AVVBINAIBIINTUFaz0IITNAAD
¥
U511 RS, DS a2 TS 15u1ae191 Taswui1 RS veditionadeay (63.4 2.5 1./100 .) W1y
(43.410.50./100 n.) Azan (13.5 £0.3 07100 n.) Hawanaienu Tasdodiauilindis (59.0 =
A ~ % 3 a A = a d' o Y \
1.2 /100 ) M lndiResnuidondreaudaiilsuugeiga dmsunan1sasIvdon DS Wi
k4 @ A a ~ £ =1 Y oy Y W o
naavluszauanugniiliunm DS 46.0 T 6.4 1./100 n. gaiiga FrNIERINAI81II IR UTaZE0A
oy - [l [ [ a [ 4 a ] v A 4 2
ihignazdos laieniindieszezauuazriitieannndisau-viudailamsivazninloge ¥y
Py I~ @ 4 a o [ 1 1 a & A

waswiungladuazin Inmiondrosugn 39 l¥ndregndoslddonimilandreaniail
153191 DS 1o 24.4 + 0.6 n./100 .

N15M329a0V1TUIN resistant starch (RS), digestible starch (DS) 1A total starch (TS) YD
o ' A P o T ' W Y A A Yy a
dredruilondrnniridy v uazgn iuguuianazuilindiefimionainndis@y (Table 2)

< ] A @ 3’ @ 4 ' a
LA 1IR3 202 WAD-gN (ripening stage) 3 szAUVDINAITI LT VIIUITNAdD TN
[ A [ 1 47 9 a [

RS, DS a2 TS 1uUIaeIf1 Taewya1 RS ¥0d419na2881 (64.1 + 1.3 2/100 0.) ¥y (39.4 T 1.8
n./100 1) Hazgn (14.3 £5.7n./100 n.) TAwanaaiu Tasdediatlindae (55.1 0.7 g100g)

v
iagelndifeaiiondrvau dmiuranisasiaden DS wundreluszauanugniilsmm DS

=

2 =< Y S 9 g ~ ' Y ' Y a
INgA 38.8 i 2.2 1./100 . “BQWIHEIiNﬂﬁ’JEJuT)'IWu'ﬁg’tﬂlu')ﬁ“VIEIﬂ‘i]%EJfJEJ‘lﬂQ"IEJﬂ’Nﬂﬁ'JEJSSEJS’/ﬂU

e

q

] A Y a [l v A 4 4 a I~ [ A
nazyiw ioannndeay-wdaiaassnazninloge savznlaswilung laatazdin Inmilo

A o ' [ ' a 4 a ~
amoisugn i Idndaogndoslddenimilandreaudaditsum DS e 18.4 0.6 n./100 n.

[ d
3. Prebiotic properties VOIHANN UND NI
A w I =
3.1 HAAAMMN AUTIANAIY (banana snacks)
= wa — a o 4 = Yy A a v A .
NITIANHITNUA prebiotic property UDINAANUNTLUUANDIINAAARAIVIATDI Twin Screw
9 1 @ ' Y :’ 9 1 o 4 an :‘
Extruder aolduilanauszrinsiedianiandiniiwaagiug (ugdons azeoni nazv1iuia)
Auuiladudh 2u 4 ganianeanaludadau 40:60, 60:40, 80:20 uaz 100:0 Tdasraey 15w
@ [ a o g =] 9 3 A o Yy A 9y

RS, DS tag TS Tudiediautlawdy nazwaniuaauinandions 4 gas e lulamaonday
sAY0A INUAA

: Y o d

Table 3-3 HARIWNANITANBIVOINARAMATAUTANA 03 WL guzA0s Wyl msld
v ¥
[l ~ a I~
drunauntlandroanaun 40% 111100% UnaliaSina RS w1nvuan 23.7 £4.9130u 57.1 +
A a @ < A a 4 [}
1.5 1./100 0. Y NRAAN UM AUTIANA1BNHAADINUT NN AIIATDI Twin Screw Extruder LAAY

ansifsinm RS anasedriannioisuiuniliwauduioumgnia wudn gasutlandae 40% i
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USRS dga (033 £0.0 1./100 0.) wazgasutlandas 100% H15m RS qaga 1.02 £ 0.0
& a A o A (A a @ I'd =4 9 =1 A Y
n/100 0. FudulSumidwin aungilina rs vowwdadusiauiandoiimietiooun
A a v A - o q ¥ Y Y ¥ o
IPININATLUIUNAAAIBIATOY Twin Screw Extruder M lvuthaindogndisnnuiounazanudu
A Y Jd =2 0 a wa 5 gy " Ao dil v a
g Taseasnamsrdegnimonaz gadoautia prebiotic properties 13 1u1iiandlom)

v
X a o Jd =1 ° v
Table 3-4 1% 3-5 LLAAIND prebiotic propcrtxcsﬂl@dwaﬂﬂm%ﬁl!Mﬂﬂ%)ﬂHﬁHWHﬁﬂzﬂ@d

Y '
o =

a 4 1 { a 3
11 1aZ¥1IUA NWAAAIUIATDY Twin Screw Extruder WU 51 8ounasuna RS 111y
° s @ a @ I'd < Y :’ Y o o a A a a @ s < 9
MuouReINURAANUNaulAnA I NWUTUz a0 Taenlsum RS vesnand i auiinndle

4

urazgasiimanasediunndioisuiuuilnauduieunsnda gasuilindas 100% Mg
Vv
az009ti1 1agv1IUIANYTIIM RS gaga miy 1.15 1 0.0 waz 1.88 + 0.4 /100 0. mMudiy
o o Y a g @ d ' Aaa Y d?
dmiumamsasdvaou DS Tunflindaeunamuiug wuhgasndiauuilindreniniu
[ 0‘ < 1 [ 4 4 a
¥ziA1 DS fae uaaldiiuaiutleandlodesd ooyl oi-amylase 18010 1ilpeaniilsuae
~ P =1 [ Y Y =1 3 c;‘ 1 o 9 a A a
TuTaadgudiofeuduadadrindy lunsAnunsinuiamssndrouzdoeaiiuSunue lulan

é q'.z =) ' 4 | o
41.3 17100 0. a8 Tagyia laasautladriie lu Tamlszanm 30 n/100 0. udidloriunsilian

Table 3-3 Prebiotic properties of banana snacks made from ‘Mali-ong’ banana mixed with rice

flour (g/100g, db)".

Samples Total starch Digestible starch Resistant starch

Mixed flours

40% banana flour 781134 544t 15" 23.7+49°

60% banana flour 724%01° 41,5 Higa 30.9+03°¢

80% banana flour i e o e 255 ¥ 18" 45.7%0.1°"

100% banana flour 784%07"° 213+ 038" s7z1%£15"
Extruded banana snacks

40% banana flour 736+ 62" TI3EE2" 0.33+0.0°

60% banana flour 727+23% 723%22° 041F£0.1°¢

80% banana flour 764%01" 75.6£0.0" 082F00°

100% banana flour 734%26" 724%24° 1.02+0.0°

1 8 s 3 s
Values are an average of triplicate determinations.

‘Ina column, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.
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Table 3-4 Prebiotic properties of banana snacks made from ‘La-ong nam’ banana mixed with rice

flours (g/100g, db)"*

Samples Total starch Digestible starch Resistant starch
Mixed flour
40% banana flour 86.3 % 1.3 60.9 £ 0.7° 254 g °
60% banana flour 856t 1.2 Ll el 381109°
80% banana flour 843127 346+ 15" 49.7%t26"
100% banana flour 839119 248+09° 59.01.2°

Extruded banana snacks

40% banana flour 8431t 1.5 83.6X 15" 0.65%0.0°
60% banana flour 828t 1.5 822t 16" 0.66 £0.0°
80% banana flour 832120 822+ 20" 0.94*0.1°
100% banana flour 858+ 1.7 846+t 1.7° 181500

1 s . =
Values are an average of triplicate determinations.

“Ina column, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.

ﬂ')ﬂﬂi‘”ﬂi]uﬂ"l'i Twin Screw Extruder Ll,ﬁ'J WU31ﬂ§M1ﬂ! DS V]Gli’JﬂW‘UﬂJ’ﬂQV]ﬂﬁﬁiMﬂWﬁQqﬂﬁLﬂUQ

1 “INLLZTWQ’N ’duuﬂ mﬂuﬂaﬂmﬂaaﬂ"lmwmmm

a o da a
3.2 HAANMNTANANAIY (banana biscuits)
a @ ] a o Jda a { a
2.5.1 ﬂ'ﬁﬂijﬂﬁacﬂﬂiﬂﬁlm RS, DS 11ag TS m@ﬁﬂ’l@ﬂ1ﬂ“amﬂﬂ!muaﬂﬂ%1'}ﬂﬂﬂi@Uﬁwaﬂ
9 Aa a 9 A a Y °y Y o :’ Ay v a
il]'lﬂ‘rlnﬂllﬂ\ﬁn? 100% 1ng Uﬁﬂmﬂa’)ﬂVIWﬂﬂ%1ﬂﬂ1ﬂllﬂ\3ﬂﬁ')ﬂu131Wﬂ§ﬁ$ﬁ]ﬂqu1ﬂ‘lﬂﬂﬂaaqwaﬁ

MenszIIIMIHARsEMIgRTIMATTY 2 gAs Tudnsdaundlindas 45% uas 60% waununila

9y

sum%'ﬂﬂfmﬁsmrﬁfmﬁ'uuﬂaﬂz’hﬂuazuﬂﬁnﬁﬁa"lu'w'mﬂi“mumi (Table 3-6) W1J71 RS V04

a A

Uﬁﬂﬁ]"lﬂ’]@ﬂﬂi@"u‘mﬁiUiJﬂ’t)LlﬂTiE]‘ULLﬁ wmm‘iauummmmwm 0.3210.0 n./100 . LLG\?N

be

Atz 2 wh vesiiadangondanson 93 1(239+0.1 1./100 1.) THify
utlindae 4s% TuSine RS doondigas 2 (3.19 + 0.1 1100 n) Fdwutlindag 60%
A Y A a é P ] a I~ a a g ~
wosnnuiledaiilFing rs dwnn uezidorunszuannsrdaiuiiaiadinounsoys

v
L 5. & § . [ a ] Y
Usznoudetunou kneading, gelatinization and retrogradation M lvinanis formation Tng3a319
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d‘ @ d’d wa 1 Y =) % . = a
LﬂU’J‘WH‘VIﬂJﬁMUC‘WluVHHﬂﬁElﬂﬂulﬂ!,“]fumﬂﬂlﬂﬂ resistant starch Gluﬂ"liﬂ'i?i]ﬁﬂﬂfNWUﬂ'ﬂﬂm RS

v
= 1

A a a & @ a ' . @ v '

vy dutiafandrendesgainduihlsinuanasediunmiieouduuilandronounisuls
Ed v

31 nandaduaiiafandiendadl RS gananhiiaiatneunsen uenvnldmud Tuneuns

U (baking) Millnanensnlasulast/suim RS

Table 3-5 Prebiotic properties of banana snacks made from ‘Khao nuan’ banana mixed with rice

flours (g/100g, db)l"z.

Samples Total starch Digestible starch Resistant starch
Mixed flours
40% banana flour 652+ 26" 441123° 212+09°
60% banana flour 69.8+08° 376 +23¢ S0l g
80% banana flour 66.1+1.7° 249+ 13° 412%05°
100% banana flour 645+1.7° 200+ 1.8" 445%07°

Extruded banana snacks

40% banana flour 828 05" 82.1%05" 0.77£0.0°
60% banana flour 805+t 1.8" 79.6+ 18" 0.89£00°
80% banana flour 767X 08" 7541+09" 134+03°
100% banana flour 749%29° 73.0%£30°" 1.88+04°

1 & i d o
Values are an average of triplicate determinations.

‘Ina column, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.

T 3 'Y d' [ Y ad '
4. Prebiotic properties ‘Uﬁd!!‘ﬂﬂﬂalﬂ‘nﬂiﬂﬂﬂhﬂﬂlﬂlﬁmiﬂnﬁ]
a v :: dy Y o [ Y 2 ad a '
GluﬂWi'J%UﬂiQublﬂVHﬂ'li‘lJiUﬁﬂWW!Lﬂ\‘iﬂﬂ'\)Uﬂ'JEJ’J‘ﬁﬂWiW]llﬁﬁiﬂﬁqu non-starch
. y : b s o
polysaccharides "lmm guar gum LA pectin 3IUNINITLIAY citric acid ‘i’JiJVNﬁﬂ‘H"Iﬂ‘i%U’JuﬂTiLL‘lJS
] ] y
JUdrennuieuninadenisnlasunla)sinm RS Table 3-7 Tduananamsuilsgihiiondas
v Y  an v " . i ' a 4 '
nazuilandieare3sn1sdy (100 °%) extrusion cooking 1182 drum drying A01TN10 RS FInuI
a A ' Ay k4 a =l [ A [} VY
U RS mmuaghmmmmu (56.8 1./100 N.) VUAIDAAIDENIUINLORIUNTZUIUNT 11

v y & A LA v A ~ . L A
ANNTOU MIANNAUIADN (2 min) IWald RS anaauman 16.0 1./100 . VLN extrusion cooking 3
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Table 3-6 Prebiotic properties of banana biscuits from ‘La-ong nam’ banana mixed with rice flours

(2/100g, db)"”

Samples Total starch Digestible starch Resistant starch
Banana Flour 83.9+19° 248%09° 590+12°
Rice flour 874+ 1.7° g7 05t * 0.18 £00°
Commercial rice biscuit
Before baking 83.2106" 829+ 06" 032%00"
After baking 826+ 08" 8231+08" 0.32%+0.0°
Banana biscuit
Formula 1
Before baking 84.4+09° 8343, 1 1.0% 209F02°¢
After baking 762+73° 738 579" 239%0.1°
Formula 2
Before baking 810t 1.0" 778+ 09" 326+02°
After baking 840+ 1.7° 808+ 1.5° 3.19%0.1°"

1 G qie . o
Values are an average of triplicate determinations.

“Ina column, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.

walH RS anaannni1 moios 1.0+ 0.0 89 1.9+ 0.4 1/100 1. TAofin3@u citric acid laifiwa
Aomsifiut5inm RS Laﬂ“lum'iﬁﬂmﬂigaﬁyuaﬂmﬂﬁyﬁawuﬁ drum drying a1 RS anagedia
NAUAUMABIAGY 1.4 + 0.1 1./100 0. udiiiRy guar gum 10 pectin ¥ 1% RS iua iy 3.4
Fo0.1uaz 3.3 F0.1 0./100 0. audiey

ﬂ”liﬁﬂ‘tﬂﬂl’é)ﬁ Rendon-Villalobos et al. (2002) WU retrograded corn starch il“‘ﬁ‘]ﬁﬂﬂiu RS-
I Ay 1. 99% nazlumswannandam Tortilla #9%1910417 Tna Taonss £UIUAT extrusion 7
3oud0 2 Tunew Ao M3aud1 Twa 18y Masa tazn1sugudle (stcepmg) 1418 Nixtamal
AOUT L extrude nazeuldgansouily tortilla maumawammmmawumaumﬂﬂmwmw
tortilla 3 RS-IIT (3.12 %) 4091 Masa (2.05 %) 1122 Nixtamal (2.18%) uammﬁ“lumsﬁwwm
Wang etal. (2007)1@1/1@]?16\1!9‘]‘5811 starch-guar gum extrudates ﬂ'lﬂﬁmﬂﬁlni‘ll‘lﬂ (TR RN EFTREN RS

memm 6.23% UJ‘IJ 14.21% LLﬁ“’LiJ'BLﬂlI citric acid 2% 13w RS LWIJ”UL!!‘]J‘L! 16.19% v mu"lﬂ
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' A ¥ Y o =< 2 s A L4 g
wanldanuaeandosdunisAneinsell 1uiT09 guar gum 1Az pectin U soluble
polysaccharides HWanDN13WNTIM RS TAB9191AAIN formation YDA TATIVIETLHI I starch 1)
5 Ao o ' ' ¢ Yt
soluble polysaccharides NUANUUUILNTINUNIUNITE BV AU Ty (Ol-amylase 144
A A A A ¥ 1Y I
Table 3-8 uaasnan1siasunilailsuna RS MAannaNuioulasnsauluiinaon
WU AN 1,2, 4, 8 Az 10 WIN 15 RS 254 1.1, 16.0 £ 0.6.100F0.1,9.4F 0.1
o w [~ [ 4 ¥ a
1Az 9.3 + 1.3 1./100 0. MUEIGY 3Pu 1A 10Tz TANuILAY = iralilSm RS
v A v o v v ¥ ~
anad uneANNIauaINITaaelnIaaie RS Tauinlasmwizanuiounganinnszuiunis
] 7
extrusion cooking (170 °%) 1Az drum drying (180 °%) vaiziauiouluszauguugiiniony
° v v v 1 o Y A = & 3
Manelasaadna RS 1éTosnd1 natinszurumsdsuanmmutlsndrefiminsauannmsanyinsail

A ax y & v Yy A va g o Y o ! A
ADIBNIIANN %Qﬂzqﬂllﬁﬂﬂajﬂﬂﬂn‘ﬂﬂ prebiotic property ﬁ’]iJ’]ﬁﬂ‘Lnl’hJGlclﬂﬂuﬁ'ﬁlNﬁN@]ﬁ‘lﬂW@

msia WA ue M gUATH

Table 3-7 Total starch, digestible starch and resistant starch of the modified banana samples from

‘Mali-ong’ banana (g/100g, db)l"z.

Heating process Total starch Digestible starch Resistant starch

Banana pulp (green) 709+ 6.1° 14116.7° s68t1.1°
Boiling (2 min) 865 Hi3° 705%t0.7° 16.0+0.6"
Extrusion cooking 749+29° 73.1%30° 1.88+0.4"
Extrusion cooking + citric acid 704+12° 693+12° 1.03+0.0°
Drum drying

No addition 58,3 T2 ° 569+ 02" 14%o0.1°

Guar gum addition 61.1£08° 57.7%t08° 34%+0.1°

Pectin addition 568+t 1.4°¢ 534%15° 33F01°

1 w1 s ‘ i
Values are an average of triplicate determinations.

‘Ina column, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.
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Table 3-8 Total starch, digestible starch and resistant starch of the boiled banana samples from

‘Mali-ong’ banana (g/100g, db)"?

Boiling time Total starch Digestible starch Resistant starch
1 min 74.6 0.8 49.1%04° 254 L1
2 min 865+ 1.3° 705+ 0.7° 16.0+0.6°"
4 min 839+t 18" 739+19° 100£0.1°
8 min 803 +a.7° 72.81+09° 94+0.1°
10 min 8191+ 05" 726+ 08" 93%+03°¢

' Values are an average of triplicate determinations.
“Ina column, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.
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Table 3-9 The in vitro starch digestibility of ‘Nam Wah’ banana samples in comparison with that of

cassava starch (g/100g sample weight) g

Hydrolysis time, min

Samples
30 60 90 120 150 180

Commercial cassava starch 763+13  79.7+30 824+09 80.6+13 837+17 835+15
Banana starch, ‘Mali-ong’ 483+02 480402 481400 507+15 511404 514404
Banana flour, ‘Mali-ong’ 19.3+0.2 196+0.0 239+04 201+0.0 21.4+02 201402
Banana flour, ‘La-ong nam’ I7.140.1 181401  17.9+0.1  193+04 195404 19.0+04
Banana flour, ‘Khao nuan’ 241+£08 251402 255+04 255+04 227412 26.8+1.2
Modified Banana flour
(boiling for 2 min) 324420 328406 346+08 32241.0 33.5+1.2 33.6+0.2
Banana pulp, ‘Mali-ong’

Green 16.7+0.7 19.1 £0.3 19.2+ 0.6 192+0.1 17.7+0.2 19.4 +0.1

Almost ripe 17.7+04 18.5 £0.1 18.8+0.3 182+04 17.6+0.1 19.7 £ 0.1

Ripe 11.7£0.0 13.9+0.1 12.5+0.7 125402 122+0.1 149 +0.2
Banana pulp, ‘La-ong nam’

Green 8.1+04 8.9 +£0.6 9.2+0.2 10.7+0.6 11.6+0.3 11.1+0.1

Almost ripe 8.6+0.2 11.8+1.0 11.84+0.3 157404 13.4+1.0 12.1+£0.1

Ripe 8.1+0.1 117400 11.6+0.7 10,6 £0.1 10.6+0.1 12.6 £ 0.6
Banana pulp, ‘Khao nuan’

Green 159+0.5 16.5+0.7 17.4+£0.7 177404 18.7+0.4 18.5+0.4

Almost ripe 16.4+0.2 17.0+0.2 17.4+0.2 179+0.8 16.7+0.5 17.3+0.7

Ripe 19.1£04  195+05 20.0+0.1 184+04 178402 20.1+0.7
Banana products
Extruded snack, ‘Mali-ong’ 18.6+0.5 194 £+03 18.8+0.1 186+0.1 189+0.3 19.3+0.0
Extruded snack, ‘La-ong
nam’ 18.9+0.2 194403  19.1+0.0 202+02 183+0.0 20.1+0.0
Extruded snack, ‘Khao nuan’ 218402 219400 220401 2194+ 0.1 222403 223402
Prebio- banana drink 40+ 1.4 41.6+04  45.0+0.0 36.7+08 380+06 47.7+12

1 g . .
Values are an average of duplicate determinations.
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Figure 3-3 Rate of the in vitro enzymatic starch digestibility of banana flour and starch when

compared to the commercial cassava starch.
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Figure 3-4 Rate of the in vitro enzymatic starch digestibility of banana pulps from different riping

stages, cultivars and banana products
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Table 3-10 Firmness and crispness of extruded banana snacks made from different cultivars "

Samples Firmness (kg) Crispness (kg/sec)

‘Mali-ong’

40% banana flour 3.60£0.7° 1T 0.4

60% banana flour 583 £08" 208 04 "

80% banana flour 542F1.0° 187+ 04"

100% banana flour 6.99 13" 248106°
‘La-ong nam’

40% banana flour 546+08"° 2941 04"

60% banana flour 583108" 228+04°

80% banana flour s42t10° 1.87 04"

100% banana flour 433%18° 1.66 09"
‘Khao nuan’

40% banana flour 811t 1.1" 435%09°

60% banana flour 928+ 1.7° 239%05"

80% banana flour 8.17%X28" 201+09°"

100% banana flour 943t2.1"° 244%0.7°

1
Values are an average of twenty measurements.

2 5 0 . s 5
In a column of each banana cultivar, means not sharing a common letter are significantly different at p<

0.05 by ANOVA and DMRT.



Table 3-11 Bulk density and expansion ratio of extruded banana snacks made from different cultivars

1.2

3-35

Samples Bulk density (g/cms) Expansion ratio

‘Mali-ong’

40% banana flour 0.101 £ 09 * 417%t00°

60% banana flour 0.087£0.0°" 3.99F00°

80% banana flour 0.103+0.0" 346 X0.1°

100% banana flour 0.076 £0.0" BSE Lot
‘La-ong nam’

40% banana flour 0074 £0.0" 403t00"

60% banana flour 0.113%0.0" 8.33 T 0%

80% banana flour 0.096 + 0.0 335%00°

100% banana flour 0.060 £0.0° 340%0.1°
‘Khao nuan’

40% banana flour 0.113%0.0°" §573T 02"

60% banana flour 0.113%0.0" 364t0.1"

80% banana flour 0.124%0.0° 3.65100°

100% banana flour 0.107£0.0"° 321 01"

1
Values are an average of twenty measurements.

“Ina column, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.
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o ’ . R 12
Table 3-12Texture characteristics of banana biscuits made from ‘La-ong nam’ banana .

Parameters Rice biscuit Banana biscuit Banana biscuit
Formula 1 formula 2
Firmness (kg) 240+ 1.0° 494+1.1° 492+25°"
Crispness (kg/sec) 243112° 424%22° 220+ 1.7°
Bulk density (g/em’) 0.166 £ 0.0° 0.278 £ 0.0" 0.2821+0.0°"
Expansion ratio 2,70+ 0.2 245102 248102

' Values are an average of twenty measurements.
‘Ina row, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.
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Table 3-13 Sensory descriptive evaluation of extruded banana snacks made from ‘Mali-ong’ banana

(n=28)"" .

Ratio of banana flour to rice flour

Quality attributes

40 : 60 60 : 40 80 :20 100 : 0
Brown color 21%+08°¢ 20%+07°¢ 26%06" 32+09°
Crispiness 36+1.0° 3.5+07° 3.7+t09° 3.1+06"
Aroma 29% 1.0 28109 26%0.7 26%0.7
Well-balanced taste 31106 3108 3108 29%0.7

1. Using 1 to 5 rating scales for intensity of attributes : 5 = most intensity and 1 = least intensity.

2. In a row of each descriptor, means not sharing a common letter are significantly different at p< 0.05 by

ANOVA and DMRT.
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Table 3-14 Preference toward each characteristic and overall preference-acceptance of extruded

banana snacks made from ‘Mali-ong’ banana (n=28) b

Ratio of banana flour to rice flour

Quality attributes

40 : 60 60 : 40 80 :20 100 : 0

Brown color 6.6%12 651038 6.0+ 1.2 6.0X0.7
Crispiness 5 R3¢ 62Ft11" 58+14° 60t14"
Aroma 59%15 57113 56t 1.4 5316
Well-balanced taste 59t 16 59 1.7 5016 5617
Overall preference 641 1.1 64113 6.1 113 6.0t 1.2
Overall acceptance 63t 14 63+ 14 60t 15 6.0t 1.6

1. Using 1 to 9 hedonic scale for preference and acceptance test : 9 = like extremely, 5 = neither like nor

dislike and 1 = dislike extremely.

2. In a row of each descriptor, means not sharing a common letter are significantly different at p< 0.05 by

ANOVA and DMRT.

Table 3-15 Sensory descriptive evaluation of extruded banana snacks made from ‘La-ong nam’

banana (n:30)l"2 .

Ratio of banana flour to rice flour

Quality attributes

40 : 60 60 : 40 80 :20 100: 0
Brown color 1.8+0.7° ST 23%0.7° 3.2%07°
Crispiness 3.9+0.7° 33F08° 371 108 3.2+08°
Aroma 3.0F1.0 27108 281 1.0 32% 1.1
Well-balanced taste 29%09° 32%09" 29%07" 34%09°

1. Using 1 to 5 rating scales for intensity of attributes : 5 = most intensity and 1 = least intensity.

2. In a row of each descriptor, means not sharing a common letter are significantly different at p< 0.05 by

ANOVA and DMRT.
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Table 3-16 Preference toward each characteristic and overall preference-acceptance of extruded

~ 12
banana snacks made from ‘La-ong nam’ banana (n=30)

Quality attributes

Ratio of banana flour to rice flour

40 : 60 60 : 40 80 :20 100 : 0
Brown color 6.8 Tage 62% 1.1 68+ 1.1a" 6.1%x13°
Crispiness 724 64F15°" 64t 14" 61Ft15"
Aroma 621 1.1 6.1 11.3 5012 621t 14
Well-balanced taste 6.0+ 1.3 6.4F 1.2 Spe () 65115
Overall preference 6.6 1.1 6.7%1.0 631 1.1 63%15
Overall acceptance 6.6+ 13 6.7t 1.2 6.3 1.2 63116

1. Using 1 to 9 hedonic scale for preference and acceptance test : 9 = like extremely, 5 = neither like nor

dislike and 1 = dislike extremely.

2. In a row of each descriptor, means not sharing a common letter are significantly different at p< 0.05 by

ANOVA and DMRT.
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Table 3-17 Sensory descriptive evaluation of extruded banana snacks made from ‘Khao nuan’ banana

(n=30)"".

Ratio of banana flour to rice flour

Quality attributes

40 : 60 60 : 40 80 :20 100: 0
Brown color 21%05° 24%07° gatos® 33109°
Crispiness 3.6+1.0° 3.1109° 20F10° 20+10°
Aroma 25109 24%0.38 26109 27109
Well-balanced taste 28+1.0° 26F1.0° 30F1.0" 31%+1.0°

1. Using 1 to 5 rating scales for intensity of attributes : 5 = most intensity and 1 = least intensity.

2. In a row of each descriptor, means not sharing a common letter are significantly different at p< 0.05 by

ANOVA and DMRT.
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Table 3-18 Preference toward each characteristic and overall preference-acceptance of extruded

. 5 1
banana snacks made from ‘Khao nuan’ banana (n=30) .

Ratio of banana flour to rice flour

Quality attributes

40:60 60 : 40 80 :20 100:0
Brown color 6.7 1.1 6.6 T 14 6.8 T 1.1 6.5 1.2
Crispiness 72%12° g 60+ 18" 61%t18"
Aroma 50t15 57t 1.6 62117 621t 1.6
Well-balanced taste 63115 50t 14 64%15 6.5 1.5
Overall preference 6.4+ 1.6 50+ 14 6.1+ 1.7 63 1.4
Overall acceptance 64115 58+ 14 6.0 1.5 6.1+ 1.4

1. Using 1 to 9 hedonic scale for preference and acceptance test : 9 = like extremely, 5 = neither like nor
dislike and 1 = dislike extremely.

2. In a row of each descriptor, means not sharing a common letter are significantly different at p< 0.05 by

ANOVA and DMRT.
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Table 3-19 Sensory evaluation of banana cracker made from ‘Mali-ong’ banana (n=25) "2

Descriptive test Perceived intensity of Preference
Quality attributes
attributes acceptance test

Color 341009 Moderately brown 6.7t 1.6
Crispiness 37113 Much crispy 44+17
Aroma 281 1.0 Moderate 5.7 1.8
Well-balanced taste 29%1.0 Moderate 56T 1.8
Overall preference 54+1.7
Overall acceptance 5516

1. Using 1 to 5 rating scales for intensity of attributes : 5 = most intensity and 1 = least intensity.
2. Using 1 to 9 hedonic scale for preference and acceptance test : 9 = like extremely, 5 = neither like nor

dislike and 1 = dislike extremely.
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Table 3-20 Preference toward each characteristic and overall preference-acceptance of instant banana

drink made from ‘Mali-ong’ banana (n=25) &

Ratio of banana flour to banana starch

Quality attributes

100:0 80:20 70 :30

Malt-milk flavor

Color 62+13" 6.7+t13" 69%1.0"

Odor 62F 1.1 64T 15 6.6%12

Taste 59t 1.4 5.8/ 1718 63t 1.4

Texture 55+ 1.6 581+ 1.6 6.1t 1.6
Overall preference and acceptance 58+15 50t16 63F15
Chocolate flavor

Color 70t 1.2 69F 12 70t 1.2

Odor g.oik 12 6.6 1.4 64113

Taste 6.0% 1.7 61118 60t 1.4

Texture 58112 5912 59%12
Overall preference and acceptance 59116 59F 1.6 50+ 1.2

1. Using 1 to 9 hedonic scale for preference and acceptance test : 9 = like extremely, 5 = neither like nor
dislike and 1 = dislike extremely.
2. In a row of each descriptor, means not sharing a common letter are significantly different at p< 0.05 by

ANOVA and DMRT.
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Table 3-21 Nutrient compositions (g/100g edible portion) of ‘Mali-ong’ banana from three ripening

stages.

Ripening stage

Nutrient composition

Green Almost ripe Ripe
Energy, kcal 128.70 + 2.0 127.84 + 1.4 12622+ 0.3
Moisture, g 67.22+£0.5 67.47+0.4 67.90 £ 0.1
Protein, g 0.38+£0.0" 0.32+0.0" 0.16+0.0°
Fat, g 0.32+0.0" 0.28+0.0" 0.26+0.0"
Ash, g 1.01£0.0° 0.9240.0" 0.87+0.0"
Carbohydrate, g 31.08 £ 0.5 31.02+0.3 30.82 £ 0.1
Total Sugar, g 1.15+£0.0° 531+00° 17.86 0.9 °
Glucose, g 0.54+0.0° 242+00°" 8.53+0.4°
Fructose, g 0.61+£0.0" 2.89400" 9.33+0.5°
Sucrose, g 0.00 0.00 0.00
Total dietary fiber, g 341+0.0"° 3.66+0.1" 2.56+0.2°
Soluble fiber, g 0.44+0.0" 0.63+£0.1" 0.69+0.1"
Insoluble fiber, g 1.68+0.2° 157400 1.17+0.1°

' Values are an average of duplicate determinations.
* In a row, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT

k4 Y
Y o ¥ o J a

Table 3-21 ua@aswanis Ins1zHidondr01h i iutuzases wuiwasauuazas 1u'le
IATNYBINGIL 3 Szuz fip AU g wozvw HUTIMTENIe 12622 0.3 19 128.70 £ 2.0 A Taunas
3 192 30.82+0.1 89 31.08 + 0.5 N5y Ay us liuandreiu e TsAunag Jvu S
fosanndindt 0.4 n3u f?m%”uﬂ§u1mﬁy1ma%wmwui1ﬂé’wﬁuﬁﬂ'wi'wqﬂ (1.15+ 0.0 N3) g

=) (2

v Y '
' A R A v = A (A ~
DY mwuma%aqﬂ 53631411]3J1J51ﬂm 5.31+0.0 N3y Lmz‘i%ﬂ%ﬂﬂﬂﬂiﬂﬁl&ﬂWﬂ‘ﬂQﬂ 17.86 +
@ oy 4 v 51 Y o a A A a @ 2L A (a
0.9 N3 maiwy lundisiiiuquzdseaiiiios 2 viia Aonglamasdsn Ina Fail5iw
a ‘3’ A vy ' [ A d# v I~
LWIJlﬂﬂ"UUlllﬁ)ﬁlﬂﬁfIﬂL‘HUﬂu Tﬂm‘wmumn 0.54+0.0 Lﬂu 8.53+0.4 N3 LAY 910 0.61 £ 0.0 nJu

v v
9.33+0.5 N3N AwdAY nazwuInhmaisansluszezgniilimalndifoadu liwuylasa



3-45

J

v v
dmsvismaleomsnanua woi ndroihiuguzdessiilvemsuinlusyezay
s 1 o A a 1 ' o/ 1 1 U
(3.41 £0.0 N3W) BAZTTEEMIM (3.66 = 0.1 NFN) Fa1/Sua hiuanaeiu waznuniageanNazes
[ 4 a = a a :’ ] :’ 1 a

an (2.56 0.2 ) Wenvnsannafinalvemsyiaazaiotiuay liazaetiwdiwni ytia

:, 1 9 . :1’ a 1 @
Az szno A pectin 11U HT1nn Tuszoz v (0.63 £ 0.1 n5I)LAL g (0.69 + 0.1

v Y '
NT1) MINNNTLEZAY (0.44 = 0.0 N5) vauzh lvomsyiia liazarninlszneudie cellulose,
v ]
hemicellulose 373149 non-starch polysaccharides ’é’uq wu'lduinlundleszezau (1.68 0.2 NTN)
] @ ' @ <3 ' oy @ a ;I
uAg ¥ (1.57 0.0 A50) ganazozgn (1.17 £ 0.1 n50) wiiulddndrnidwiuguzdsean
v v
s2uzANNAY I wazgn Hleonnsvia liazmerhganileomsstiaazaioi uazyiinazany
: A A A dy A a =2 = a ' : v A A
ugiilTinannuunvsose) 31InTzezANIUNTz ez gn Yyazirie iazmninduiidiua
AN 0L 1INITTUZAVIUDITLOLEN
a ¢ A S o ' w ¢
Table 3-22 HAAIHANTATIVIATIZHITENAIOTI WU aze0 11 WU wasWIEEANS
Tulawsnvesndae 3 szoz Ao A qn uazviw lawanaenu TasszozauiilSuagaga (130.82
a d' [ S A FY a 4'
+0.3 N lauAaps Loy 32.09 +0.1 N3N) tagszezgniUsuuiosga (123.58 0.1 N launaos uay
@ o @ d‘ =) A A Y ' = o ]
30.29 + 0.0 N33) MuEIAY vz TdsAuTUTuIMTosuINTE1nI19 0.55 09 0.62 NTU uag Tuwy
v Y [ v Y )
Ty Smsulsmanhmanauanuindrsauiiaidige 0.46 +0.0 n5u) agAoys IANTUILD
=

v 14 v
Indqn szozvimiiliunm 6.84 0.4 051 nazszozgniUSinauniiga 13.19 £0.0 n3u 1haai

v
o J o A A a

vy d & & & e = 4 A v
W‘Uﬂluﬂa')f]u']'nwu'ﬁﬂgﬂa\TU’quWUQ 2 ¥UA ﬂﬂﬂQIﬂﬁ!laZNSﬂIﬂﬁ %Qllﬂill’]mlwuu’]ﬂsuut“ﬂslﬂﬁ

q

St 4 a

oA Y o @ ' A g o3| @
qnsuidernundInidIiuguzaces Taomuduen 0.12 0.0 17U 7.04 £0.0 N5U wag 910 0.34
3| @ o w ' ;' ke S (A Y A @ '
+0.0 1111 6.15 + 0.0 N3W @Ay uazwuInhaansgesluszezgniilsmalndmosiu Taol
wWugylasa
° @ a 3 ' Y :’ Y o d :1 a a ~
dwmsvilsmaleemisianua wud ndeihugazesnuirileomissuaunige
Tuszez@y (4.26 + 0.0 N51) azABEY ARl TAsNIzazINE 3.79 £ 0.1 NTU LALTTEZ AN 2.66 +
[ é a d' =1 ' [} A a = a a : 1
0.1 05y FulFinannuiinnuuanaidu lennsadalsmaleemsyiaazaiimas li
v Y v ' v
azanetdIny N ¥iaazaeinlszneudie pectin 371%4non-starch polysaccharides 'Suquu il
Ysnamngaluszozgn (0.90 + 0.1 n5U) MINANSZEZAULAZ N LA liuanaiy vnzile
a ' :’ = Y . 3 y Y a
’E)Wﬂi"BuﬂlluﬁzﬂWUWﬂﬂizﬂ@‘Uﬂ]U cellulose, hemicellulose U wu'lﬂumqﬂ“luﬂmammu
o ' ' ) o a o < Y
(2.08 + 0.0 NF1) AIUTZHZHIN (0.76 + 0.0 NF1) 582N (0.60 = 0.0 N1) HJTmAa azimiuld
' oy v : a a ' : ' a
Nndreriimiugazeesih laomwiz luszezauiilvomswia hiazanirganilvemiswiia
:I Ad' a :’ Is) a a = ] 1 o d‘ a '
azanei Tashriaorarerinzidiuiannszezauoudszosgn luuanareiu vaziatiali

v [
azmeihnauiilsinaanauiosy anszezaUILDG oz AN



3-46

Table 3-22 Nutrient compositions (g/100g edible portion) of ‘La-ong nam’ banana from three

ripening stages.

Ripening stage

Nutrient composition

Green Almost ripe Ripe
Energy, keal 130.82£0.3 " 128.66+0.2" 123.58 £0.1 ¢
Moisture, g 66.46 +0.1"° 66.95+0.0" 68.32+0.0 ¢
Protein, g 0.62 + 0.0 0.55 + 0.0 0.61 + 0.0
Fat, g ' 0.00 0.00 0.00
Ash, g 0.8440.0" 0.89+0.0" 0.79+0.0"
Carbohydrate, g 32.09+0.1° 31.62+0.1° 30.29+0.0°
Total Sugar, g 0.46 £0.0° 6.84+£0.4" 13.1940.0 ¢
Glucose, g 0.12+£0.0" 3.57+02" 7.04+0.0°
Fructose, g 0.34+00" 3.27+02" 6.15+0.0°
Sucrose, g 0.00 0.00 0.00
Total dietary fiber, g 426+00" 3.79+0.1" 2.66+0.1°
Soluble fiber, g 0.85 + 0.0 0.78 + 0.1 0.90 + 0.1
Insoluble fiber, g 2.08+0.0"° 0.76 £0.0" 0.60+0.0°

1 5 . .
Values are an average of duplicate determinations.

‘Ina row, means not sharing a common letter are significantly different at p< (.05 by ANOVA and

DMRT.
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Table 3-23 Nutrient compositions (g/100g edible portion) of ‘Khao nuan’ banana from three ripening

stages.

Ripening stage
Nutrient composition
Green Almost ripe Ripe
Energy, kcal 144.96 0.5 * 135.54 + 0.5 " 129.50 £ 1.0 ¢
Moisture, g 63.10£0.1° 65.51+0.1" 67.05+0.2 ¢
Protein, g 2.05+0.1° 1.64+0.1" 1.56+ 0.0
Fat, g 0.16 £ 0.0 0.14 + 0.0 0.12+ 0.0
Ash, g 0.86+0.0" 0.78 £0.0" 0.72+0.0°
Carbohydrate, g 33.84+02° 31.93+0.1° 30.56+0.2 ¢
Total Sugar, g 1.25+0.0" 890+ 04" 17.46 £0.2 ¢
Glucose, g 0.73+0.0° 565+03" 1149 £0.2°
Fructose, g 0.47+0.0" 320+02" 5.92+0.0°
Sucrose, g 0.05+0.0 0.05+0.0 0.05+0.0
Total dietary fiber, g 3.84+0.0° 2.40+0.1" 3.04+00°
Soluble fiber, g 0.28+0.1° 0.47+0.0" 0.74+0.1°"
Insoluble fiber, g 3.55+0.0° 193+0.1° 229+0.1°¢

1 - . v
Values are an average of duplicate determinations.

’Ina row, means not sharing a common letter are significantly different at p< 0.05 by ANOVA and

DMRT.
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Table 3-24 Nutrient compositions of banana products (g/100g).

Nutrient Banana extruded snacks Banana “Prebio-
composition ‘Mali-ong’ ‘La-ong nam’ biscuits banana” drink
Energy, keal 38148403 38619402 429.50+0.1  38587+03
Moisture, g 5.01+0.0 5394 0.1 3.57+0.1 5.40 £ 0.0
Protein, g 2.6140.2 2.9240.0 5.26+ 0.0 5-83£0.2
Fat, g 2.18£0.1 2,994 0.0 10.46 +0.1 66300
Ash, g 2.3440.0 1.80 0.0 2.1440.0 2el3 50
Carbohydrate, g 87.87 +0.4 86.91 +0.2 78.58 £0.1 FEENA
Total Sugar, g 14.97 + 0.4 23.76 £0.8 10.88 + 0.1 17.31+0.1
Glucose, g 1.36 0.1 1.10 £ 0.0 0.24 + 0.0 0.11+0.0
Fructose, g 2.21+0.1 2.53+0.1 0.58 £0.0 0.07 £0.0
Sucrose, g 1141403 20.14 + 1.0 10.06 + 0.0 17.13 0.1
Total dietary fiber, g 5.27+0.1 5.1940.0 6.59+0.2 b2 L]

1 . . .
Values are an average of duplicate determinations.
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Table 3-25 The amount of resistant starch in “Prebio-banana” drink product.

Formulation (conditioned flour : starch)

Sample
1(100:0) 2 (80:20) 3 (70:30)

“Prebio-banana” drink 100 g.

1 min. boil 10.14 13.89 15.77

2 min. boil 6.40 10.90 13.14
Instant drink 200 ml.

1 min. boil 3.05 4.17 4.73

2 min. boil 1.92 3.27 3.94

®  The drink was from 30 g. banana starch in 170 ml. hot water (90 °c)

® ‘Mali-ong’ starch: RS=72.2%, | min. boil: RS=25.4% and 1 min. boil: RS=16.0%

® Data in the table are from calculation
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Figure 3-5 Nutrition data of ‘Nam wah’ banana snacks
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Figure 3-6 The banana snacks
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Figure 3-8 Banana biscuits
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Figure3-10 Nutrition data of “Prebio- banana” drink)
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Table 3-26 Total phenolic content, antioxidant activities and condensed tannin in banana pulp at

difference ripening stages.

Stage
Analysis Cultivar
Green Green to yellow Yellow

Total phenolic content ‘Mali-ong’ 2699+10""° 2634+26""" 1096+16" ¢
(ng gallic acid/100 g dry|‘La-ong nam’  |2651+79"" 2084+90" " 1055426 ¢
sample) ‘Khao nuan’ 3495+61""" 2735+110""" 1134+133"'¢
FRAP assay ‘Mali-ong’ 2258+31"" 1414463""" 473+38"'¢
(UM trolox/100 g dry|‘La-ong nam’  |2296+5"" 1557428""° 656+27"'¢
sample) ‘Khao nuan’ 2304+13""" 1555+82""" 617+17"'¢
FRAP assay ‘Mali-ong’ 2471421"" 1628+63""" 685+38" ¢
(UM vitamin C/100 g dry|‘La-ong nam’ 2507+5""" 1775+28""" 688+27"¢
sample) ‘Khao nuan’ 2516+13"" 1772+82""" 847+17"'°
DPPH / AA ‘Mali-ong’ 46.36+0.03"""  45.03+1.79" " 45.83+3.32"""
(%) ‘La-ong nam’  |45.4543.6"" 45.63+2.44"" 45.03+1.04*"*

‘Khao nuan’ 31.4940.33"""  [31.9440.72""" 30.8241.42""°
Tannin ‘Mali-ong’ 15.34£0.09"""  [8.91+0.26""° 3.5540.28" ¢
(mg catechin/ 100 g dry|‘La-ong nam’ 15.83+0.45""  19.23+0.36""" 3.0140.05°'¢
sample) ‘Khao nuan’ 18.94+0.17"""  10.89+0.18""" 4.00£0.13"'¢
Note: (1) The data showed the average value + standard deviation

(2) Data with different superscript were significantly different (p<0.05)

(3) First superscript defined the significant different between species sample while the second

superscript defined the significant different between banana period

(4) The lower EC50 value presented the higher antioxidant activities
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Table 3-27 Total phenolic content, antioxidant activities and condensed tannin in banana peel at

difference ripening stages.

sample)

‘Khao nuan’

39.23+0.15""*

a/b

20.83+0.25

—
Stage
Analysis Cultivar
Green Green to yellow Yellow
Total phenolic content ‘Mali-ong’ 8490+113"""  |6736+287""" 1796+20"'¢
(ng gallic acid/100 g dry|‘La-ong nam’  [8289+71"'* 5868+22"'" 1778+21"'°
sample) ‘Khao nuan’  |9350+56" " 6972+110""" 134+133"'¢
FRAP assay ‘Mali-ong’ 4690+73"" 2744+78""° 1399+26"'¢
(LM trolox/100 g dry|‘La-ongnam’ |4637£192"""  |2546+22"" 1377+27"¢
sample) ‘Khao nuan’  |5185+72" " 2765+32""° 1625+35"'¢
FRAP assay ‘Mali-ong’ 5lise 7" 3242478""" 1891426" ¢
(UM vitamin C/100 g dry|‘La-ong nam’ |5139+192°"*  |3050+22"'" 1858+27"¢
sample) ‘Khao nuan’  |5685+72" 3273+32°"° 2118+35"¢
DPPH / AA ‘Mali-ong’ 54.40£0.27°""  |52.424135""° 54.64+1.18""
(%) ‘La-ong nam’  |56.23+0.45"""  |56.29+0.42"" 55.9240.95"""
‘Khao nuan’  [43.03+1.21°""  |43.88+0.19°"° 44.08+1.63°""
Tannin ‘Mali-ong’ 36.3248.66° " |18.45+0.33""" 8.89+0.14"'¢
(mg catechin/ 100 g dry|‘La-ong nam’ |35.58+0.48""" |18.09+045""" 7.4440.11°'¢
g g dry g

10.04+0.14"'¢

Note:

(1) The data showed the average value + standard deviation

(2) Data with different superscript were significantly different (p<0.05)

(3) First superscript defined the significant different between species sample while the second

superscript defined the significant different between banana period

(4) The lower EC50 value presented the higher antioxidant activities
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Figure 3-11: Total Phenolic Content and Condensed Tannin content in each species banana;

1 is non-process banana, 2 is banana flour, 3 is snack (100% banana flour)
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Antioxidant Activity (FRAP assay)
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Figure 3-12 Antioxidant activity from FRAP assay and DPPH assay in each species banana;

1 is non-process banana, 2 is banana flour, 3 is snack (100% banana flour)
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MANUIN 2
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1. Raw materials of Banana Flour and rice flour

2. Extrusion process for banana snacks
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3. Banana snacks of 4 formulas
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MANUIN 3
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Steaming and cooling
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MANUIN 4

3§3m513ﬁ (Methods of analysis)

Determinations of Resistant Starch and Total Starch (using assay kits from Megazyme)

Reagents

1. Bottle 1: Amyloglucosidase (12 mL, 3300 U/mL)

2. Bottle 2: Pancreatic (l-amylase (Pancreatin, 10 g)

3. Bottle 3: GOPOD (Glucose oxidase plus peroxidase) reagent buffer.
4. Bottle 4: GOPOD Reagent Enzymes.

5. Bottle 5: D-Glucose standard solution (5 mL, 1.0 mg/mL)

6. Bottle 6: Resistant starch control (52 %, w/w)

7. Sodium maleate buffer (100 mM, pH 6.0)

8. Sodium acetate buffer (1.2 M, pH 3.8), (100 mM, pH 4.5).

9. Potassium hydroxide solution (2 M).

Preparation of reagent solutions and suspensions

1,

Dilute AMG (300 U/mL) : dilute 2 mL of concentrated AMG solution (bottle 1) to 22 mL
with sodium maleate buffer (0.1 M, pH 6.0) and divide into 5 mL aliquots and store frozen in
polypropylene containers.

Pancreatic (I-amylase containing dilute AMG (300 U/mL) : immediately before use,
suspend 1 g of the contents of bottle 2 (pancreatic (l-amylase) in 100 mL of sodium maleate
buffer (100 mM, pH 6.0) and stir for 5 min. Add 1.0 mL of Dilute AMG (300 U/mL) and
mix well. Centrifuge at 1,500 g for 10 min, and carefully decant the supernatant solution.
(Solution 2).

GOPOD Reagent : dilute the contents of bottle 3 (GOPOD Reagent Buffer) to 1 L with
distilled water to give Solution 3. Immediately dissolve the contents of bottle 4 in 20 mL of
Solution 3 and quantitatively transfer this to the bottle containing the remainder of Solution 3.
Cover this bottle with aluminum foil to protect the enclosed reagent from light.

Use the contents of bottles 5 and 6 as supplied.

Prepare reagent blank solutions : mix 0.1 mL of 100 mM. sodium acetate buffer (pH 4.5)
and 3.0 mL of GOPOD reagent.

Prepare D-glucose standards (inquadruplicate) : mix 0.1 mL of D-glucose
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(I mg/ml) and 3.0 mL of GOPOD reagent.

ASSAY PROCEDURE

(a) Hydrolysis and solubilisation of non-resistant starch.

1.

Weigh a 100 mg sample directly into each screw cap tube (Corning culture tube;

16 x 125 mm) and gently tap the tube to ensure that the sample falls to the bottom.

2. Add 4.0 mL of pancreatic Ol-amylase (10 mg/ml) containing AMG (3 U/mL) (Solution 2) to

each tube. Tightly cap the tubes.

Votex and incubate tubes horizontally in a shaking water bath at 37°C for exactly 16 hr.

Add 4.0 mL of ethanol (99 % v/v) with vigorous stirring on a vortex mixer.

Centrifuge the tubes at 1,500 g (approx. 3,000 rpm) for 10 min.

Carefully decant the supernatants into 100 mL volumetric flask and re-suspend the pellets in
2 mL of 50 % ethanol and vortex mixer. Add a further 6 mL of ethanol, mix the tubes
andcentrifuge again at 1,500 g for 10 min.

Decant the supernatants and repeat this suspension and centrifugation step once more.

Collected supernatants will be used for determination of the non- resistant  starch.

(b) Measurement of Resistant Starch.

1.

Add a magnetic stirrer bar (5 x 15 mm) and 2 mL of 2 M KOH to each tube and

re-suspended the pellets (and dissolve the resistant starch) by stirring for approx. 20 min in an
ice/water bath over a magnetic stirrer.

Add 8 mL of 1.2 M sodium acetate buffer (pH 3.8) to each tube with stirring on the

magnetic stirrer. Immediately add 0.1 mL of AMG (solution 1; 3300 U/ml), mix well and
place the tubes in a water bath at 50 °C for 30 min with intermittent mixing on a vortex
mixer.

For samples containing > 10 % RS content; quantitatively transfer the contents of the tube
to a 100 mL volumetric flask and adjust to 100 mL with distilled water and mix well.
Centrifuge an aliquot of the solution at 1,500 g for 10 min.

For samples containing < 10 % RS content; directly centrifuge the tubes at 1,500 g for 10

min (no dilution). For such samples, the final volume in the tube is approximately 10.3 mL.



where:

AE

F

'Y
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Transfer 0.1 mL aliquots (in duplicate) of either the diluted (step 3) or the undiluted (step 4)
supernatants into glass test tubes (16 x 100 mm), add 3.0 mL of GOPOD reagent (solution 4)
and incubate at 50 °C for 20 min.

Measure the absorbance of each solution at 510 nm against the reagent blank and calculate

the content of resistant starch.

(c) Measurement of Non-Resistant (Solubilised) Starch.

1.

Combine the supernatant solutions obtained on centrifugation of the initial incubation and
adjust the volume to 100 mL with 100 mM sodium acetate buffer (pH 4.5) in a volumetric
flask. Mix well.

Incubate 0.1 mL aliquots of this solution (in duplicate) with 10 uL of dilute AMG

solution (300 U/mL) in 100 mM sodium maleate buffer (pH 6.0) for 20 min at 50°C.

Add 3.0 mL of GOPOD reagent (Solution 4) and incubate for a further 20 min at 50 “C.
Measure the absorbance at 510 nm against a reagent blank and calculate the content of non-

resistant (solubilised) starch.

(d) Calculations

Calculate resistant starch, non-resistant (solubilised) starch and total starch content (%, on a
dry weight basis) in test samples as follows:

Resistant Starch (g/100g sample)( samples containing > 10 % RS):

= AE x F x 100/0.1 x 1/1000 x 100/W x 162/180 (= AE x F/W x 90)

Resistant Starch (g/100g sample)(samples containing < 10 % RS):

= AE X F x 10.3/0.1 x 1/1000 x 100/W x 162/180 (= AE x F/W x 9.27)

Non-Resistant (Solubilised) Starch (g/100g sample):

= AE x F x 100/0.1 x 1/1000 x 100/W x 162/180 (= AE x F/W x 90)

Total Starch = Resistant Starch + Non-Resistant Starch.

= absorbance obtained from sample read against the reagent blank.
=100 (g of D-glucose) divided by the GOPOD absorbance for this 100 Mg of D-glucose.

= dry weight of sample analyzed [ "as is" weight x (100-moisture content)/100].

162/180 = factor to convert from free D-glucose to anhydro-D-glucose as occurs in starch.



W3-18

10.3/0.1 = volume correction (0.1 mL taken from 10.3 mL) for samples containing 0-10 % RS.

2. Colorimetric Determination of Amylose Contents (AACC. 2000)

Reagents

- Amylose, Type III from potato (Sigma No. A-0512, Japan)

- Amylopectin, from potato (Sigma No. A-8515, Japan)

- Ethanol, 95%

- Sodium hydroxide, 1.0 N

- Sodium hydroxide, 0.09 N

- Acetic acid, 1.0 N

- lodine solution, 0.2% I, and 2% KI in distilled water

Procedure for Sample Determination

1.

Weigh duplicate 100 mg (db) starch samples and quantitatively transfer to 100 ml

volumetric flasks.

2. Add 1 ml of 95% ethanol, carefully washing down any sample adhering to side of the

10.

flasks.

Add 9 ml 1 N sodium hydroxide to each sample and heat in a boiling water for 10 min
and cool to room temperature.

Make the solutions to 100 ml volume with distilled water and votex vigorously and
obtain 1 mg/ml solution. Let stand for at least 2 hours before continuing with the next
steps.

Pipette 5 ml of the sample solutions (or else each of standard mixtures of amylose and
amylopectin prepared for working solutions) into 100 ml volumetric flasks, containing
about 50 ml distilled water.

Add 1.0 ml N acetic acid and mix.

Add 2 ml iodine solution.

Make up to 100 ml volume with distilled water, mix and let stand for 20 min.

Read absorbance at 620 nm. For a blank, prepare using 5 ml 0.09 N NaOH, instead of
the sample solution in the step 4.3.5.

Plot absorbance against amylose concentration of working solutions for a

standard curve.



HW3-19

Procedure for Preparation for Standard Curve

1.

Weigh 100 mg of standard mixtures of amylose and amylopectin into volumetric flasks
following the Table.

Add 1 ml of 95% ethanol add 9 ml 1 N sodium hydroxide following the same procedure
of step 2 to 4

Pipette 5 ml aliquots of each mixture of the working solutions in 100 ml volumetric
flasks, each containing about 50 ml of distilled water.

Repeat steps 6 to 9.

Plot absorbance at 620 nm against the assigned amylose content for the standard crve as
shown in Appendix Figure 2.

Read % amylose values of the tested samples from the standard curve.

Standard working solutions for amylose determination

Amylose content

Volume ratio of standard working solutions (ml/100m1)

(% dry weight

basis) Amylose (g) Amylopection (g)
v 0 0.100
10 0.010 0.090
20 0.020 0.080
30 0.040 0.060
50 0.050 0.050

60 0.060 0.040
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Standard curve for amylose determination.

3. Method for Determination of In vitro Kinetic of Starch Digestion

This is an improved method used to measure the rate of starch hydrolysis in different times,

adapted from Goni Isabel, Garcia-Alonso Alejandra and Saura-Calixto, Fulgencio (1997).

Sample preparation

15 min.

All samples (50 mg) were boiled with water (5 ml) in capped centrifuged tubes and cook for

Procedure for measurement of in vitro starch digestibility

1.
2

50 mg food portion prepared as explained above.

Add 10 ml of HCI-KCI buffer, pH 1.5 , pH adjusted.

Add 0.2 ml of solution containing 1 g of pepsin in 10 ml HCI-KCI buffer,

incubate at 40 °C for one hour in a shaking water bath.

To each sample, bring volume to 25 ml with “Tris-meleate buffer, pH 6.9”

Add-5 ml of a solution of alpha-amylase in Tris-meleate containing 3.3 IU.

Incubate at 37 °C in a shaking water bath for 30 min to 180 min.

1 ml aliquote from each tube taken every 30 min. from 0 to 3 hours (7 time points).
Each tube placed in 100°C water bath, for 5 min. to inactivate the enzyme action, then

refrigerated until the end of incubation time.
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9. 3 ml of 0.4M sodium acetate buffer, pH 4.75 was added to each tube.

10. 60 ul amyloglucosidase was added to hydrolyze the digested starch remains into glucose for
45 min. at 60°C in a shaking water bath.

11. Centrifuge (15 min. 4500g), collect supernatant and save it in a volumetric flask. Volume
adjusted to 10-100 ml with distilled water.

12. Duplicate aliquots of 0.5 ml used to measure for glucose content by the glucose oxidase-

peroxidase kit.

* The digestible starch (DS) was calculated as the percentage of sample weight and rate of starch

digestion for 30, 60, 90, 120, 150 and 180 minutes was determined

4. Glucose Determination using Assay Kit

Introduction

Enzymes, as analytical tools, have found widespread use in the food, biochemical, and
pharmaceutical industry. Enzymatic methods are specific, reproducible, sensitive, rapid, and
therefore, ideal for analytical purposes. Due to the high specificity and sensitivity of enzymes,
quantitative assays may be done on crude materials with little or no sample preparation. This kit is for

the quantitative, enzymatic determination of glucose in food and other materials.

Principle
Glucose Oxidase
D-Glucose + H,0 + O, "~ D-Gluconic Acid + H,0,
Peroxidase
H,0, + Reduced o-Dianisidine > Oxidized o-Dianisidine
(colorless) (brown)
Oxidized o-Dianisidine H,SO, Oxidized o-Dianisidine

v

(brown) (pink)
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Glucose is oxidized to gluconic acid and hydrogen peroxide by glucose oxidase. Hydrogen
peroxide reacts with o-dianisidine in the presence of peroxidase to form a colored product. Oxidized
o-dianisidine reacts with sulfuric acid to form a more stable colored product. The intensity of the pink

color measured at 540 nm is proportional to the original glucose concentration.

Reagents
1. Glucose Oxidase/Peroxidase Reagent (Product Code G 3660)

Store the unopened kit reagent at 2-8 °C. Each capsule contains 500 units of glucose oxidase
(Aspergillus niger), 100 purpurogallin units of peroxidase (horseradish) and buffer salts. Dissolve the
contents of the capsule in an amber bottle with 39.2 ml of deionized water. The solution is stable up

to one month at 2-8 °C and for at least 6 months frozen at-20 C. Discard if turbidity develops.

2. o-Dianisidine Reagent (Product Code D 2679)

Store the unopened kit reagent at 2-8 °C. Minimize exposure to light. The preweighed vial
contains 5 mg of o-dianisidine dihydrochloride. Reconstitute the contents of the o-dianisidine vial
with 1.0 ml of deionized water Invert the vial several times to dissolve. Avoid exposing the reagent to

light. Solution is stable for 3 months at 2-8 °C.

3. Assay Reagent
Add 0.8 ml of the o-Dianisidine Reagent to the amber bottle containing the 39.2 ml of
Glucose Oxidase/Peroxidase Reagent. Invert bottle several times to mix. Minimize exposure to light.

Solution is stable up to 1 month at 2-8 °C. Discard if turbidity develops or color forms.

4. Glucose Standard Solution (Product Code G 3285)
D-Glucose, 1.0 mg/ml in 0.1% benzoic acid. This standard is traceable to an NIST standard
and is supplied ready-to-use. It is stable at 2-8 °C for at least six months. Discard if turbidity

develops.

Procedure for Sample Preparation

Dilute sample with deionized water to approximately 20-80 pg glucose/ml.  Filter or
deproteinize solution if necessary to clarify. Decolorize solutions that are strongly colored and that

have a low glucose concentration. Degas carbonated or fermented products.

Determination
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Glucose Concentration from Standard Curve

1. Pipette the following solutions into the appropriately marked test tubes:

Tube Water Sample Glucose
(ml) (ml) Standard (ml)
Reagent Blank 1.00 = =
Standard # 1 0.98 = 0.02
Standard # 2 0.96 2 0.04
Standard # 3 0.94 = 0.06
Standard # 4 0.92 - 0.08
Test = 1.00 .

2. At zero time, start the reaction by adding 2.0 ml of Assay Reagent to the first tube and
mixing.  Allow a 40 second interval between additions of Assay Reagent to each
subsequent tube.

3. Let each tube react exactly 30 minutes at 37 °C. Stop the reaction at 40 second intervals
by adding 2.0 ml of 12 N H,SO, into each tube. Carefully mix each tube thoroughly.

4. Measure the absorbance of cach tube against the reagent blank at 540 nm.

Calculations

For standards, plot Absorbance at 540 nm (y axis) vs mg of glucose (x axis). If the standard
curve is not linear, results will be inaccurate. Repeat assay.

For test sample, determine mg glucose from standard curve. Multiply the mg glucose

determined above by the dilution factor made in sample preparation.

S. Total phenolics determination, Folin-Ciocalteu assay (Waterhouse, 2005)

1. Preparation of gallic acid standard solution
a) To prepare a stock solution, 0.500g of gallic acid (Fluka, Spain) was dissolved in 10 ml
of ethanol (analytical reagent grade, VWR Prolabo, France) and diluted to 100 ml with water in a

volumetric flask.
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b) A0, 1,2,3, 5 and 10 ml aliquot of gallic acid stock solution was added to a volumetric

flask and diluted to 100 ml with water. The final concentration of gallic acid will be 0, 50, 100, 150,
250, and 500 mg/1.

2. Preparation sodium carbonate solution

The 200 g of sodium carbonate (analytical reagent grade, Ajax Finechem, Australia) was
dissolved in 800 ml of water and boiled. After the solution was cooled down, a few crystals of sodium
carbonate was added. After 24 hours, the solution was filtered with Whatman no. 1 filter paper and the
volume of the solution was made up to 1000 ml in a volumetric flask.

3. Folin-Ciocalteu assays

1 ml of sample or standard solution was added to 100 ml volumetric flask and approximately
70 of ml water was added. 5 ml of Folin-Ciocalteu reagent (Carlo Erba, France) was added, then
swirled to mixed and incubated 1-8 minutes at room temperature. 15 ml of sodium carbonate solution
was subsequently added and made up the final volume with water to 100 ml. The solution was mixed
and incubated at room temperature for 2 hours. The absorbance was measured by a spectrophotometer
(Lambda 25 UV-VIS Spectrometer, Perkin Elmer instrument, USA) at 765 nm.

The standard curve was shown in Figure A.1

0.7
y=0.0012x + 0.0143
06 g
R =09999

0.5

0.4 4

0.3

Absorbance

0.2 ~

0.1 4

0 T T T

0 100 200 300 400 500 600

Gallic acid concentration (mg/L)

Figure A.1: Gallic acid standard curve for total phenolics determination

4. Calculation of total phenolic content
The amounts of total phenolics in crude extract were calculated using gallic acid standard

curve. The value was expressed as pg gallic acid/ g flour.
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6. FRAP assay (Benzi and Strain, 1996)

1. Preparation of trolox standard curve

To prepare a 10000 pM trolox solution, 2.5 g of trolox (Fluka, Denmark) was diluted with
100 ml of methanol (Fisher Scientific, UK) and mixed well. The serial dilution was prepared as listed
in Table A.1. To prepare a 5700 uM ascorbic acid (vitamin C), 0.1 g of ascorbic acid (Fluka,

Denmark) was diluted with 100 ml of water and mix well. The serial dilution was prepared as listed in

Table A.2.

Table A.1: Preparation of standard trolox solution

!‘Initial concentration (uM) | Trolox volume (ml)  Methanol volume (ml) Final concentration (uM)

i 10000 5 5000
5000 5 2500
2500 S 1250
1250 S 625
625 4 417
417 4 278
278 4 185

I— e 1Y T
185 4 123
123 4 82

Table A.1: Preparation of standard ascorbic acid solution

Initial concentration (uM) | Trolox volume (ml) Methanol volume (ml) | Final concentration (uM)
| 5700 5 2850
2850 5 1425
1425 5 712
712 5 475
475 5 317
317 S 211
211 5 141
141 5 94
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2. Solution preparation

a) Acetate buffer: three g of CH,COONa-3H,0 (Fisher Scientific, UK) was added to 16 ml
of CH,COOH (Analytical reagent grade, J.T. Baker Neutrasorb, USA) and made volume up to 1000
ml of water in a volumetric flask.

b) Tripyridyltriazine (TPTZ) solution: a 0.312 g portion of TPTZ (Fluka, Switzerland) was
added to 100 ml of 0.4 M HCI (Analytical reagent grade, J. T. Baker Neutrasorb, USA).

¢) FeCl, solution: a 0.54 g portion of FeCl, (POCH S.A., Poland) was added to 100 ml of
H,O.

d) FRAP solution: a 25 ml aliquot of acetate buffer was added with 2.5 ml of ferric chloride

solution and followed with 2.5 ml of TPTZ solution (the solution must be added in this order).

3. FRAP assay

FRAP solution was warmed at 37|_/C in a hot water bath (DT-1 Heto-Holten, Heto Lab
Equipment, Japan). To prepare a standard curve, 50 ul of trolox or ascorbic acid solution was added to
950 pl of FRAP solution in a cuvette. However, for the analysis of crude extract, 10 pl of sample was
added to 990 pl of FRAP solution in a cuvette. The mixture was held for 4 minutes at room
temperature before measuring the absorbance. The color of the mixture was changed from golden
brown to deep blue purple. The absorbance was measured at 593 nm. Acetate buffer was used as
blank. The corrected absorbance was calculated as followed:

corrected B A final Aininal

Where: A = corrected absorbance

corrected

= absorbance of the sample after 4 minute holding time

final

mia — absorbance of 1000 pl FRAP solution

The corrected absorbance of the samples were compared with the corrected absorbance in
trolox and ascorbic acid standard curve. The standard curves being shown in Figure A.4 and A.5. The
antioxidant activity was calculated as pmol trolox/ 100 g sample and umol ascorbic acid / 100 g

sample.
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1 y = 0.002x + 0.0462

R’ = 0.9952
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Figure A.4: Trolox standard curve for FRAP assay
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Figure A.5: ascorbic acid standard curve for FRAP assay
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7. DPPH assay (Brand-Williams et al. 1995; Pérez-Jiménez and Saura-Calixto, 2005; Murakami

etal., 2004)

1. DPPH solution preparation
Twelve mg of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was dissolved in 100 ml of methanol to
obtain the 3x10™* M DPPH solution. The solution can be kept at 4 °C not more than 5 days. Note that

the molecular weight of DPPH is 394.33 g/mol

2. DPPH assay

Nine-hundred and fifty pl of DPPH solution was mixed with 50 ul of crude extract in a
cuvette (solution A) and held for 30 minutes at room temperature. The absorbance was then read at
515 nm. The deep blue color of DPPH solution was bleached to yellow color. The result of
antioxidant activity express as scavenging percentage (%AA) which is efficiency of samples to
scavenge free DPPH radical.

The scavenging percentage can be calculated by:

% AA = ((A,-A) 7/ A,) x 100 equation 1
Where: AA = scavenging percentage
A, = control absorbance at zero time

= extract absorbance at final time

8. Vanillin assay (Price et al., 1978, Chavan et al., 2001)

1. Vanillin reagent preparation

vanillin reagent must be prepared fresh daily by mixing 50 ml of 1% vanillin in methanol and
50 ml of 8% concentrated Hcl in methanol were added.

2. Vanillin assay

The condensed tannins were assayed colorimetrically method. One ml of methanolic crude
extract and 5 ml of vanillin reagent were added and held for 20 minutes at 30 "C. The absorbance was
then read at 500 nm. 5 ml of 4% concentrated Hcl in methanol was used as blank.

3. Calculation of condensed tannin
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The amounts of tannin in crude extract were calculated using catechin standard curve. The

value was expressed as mg catechin/ 100 g sample as Figure A.7.

035 1
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Figure A.7: Catechin standard curve of vanillin assay
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