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Summary  Unripe banana, edible canna and taro flours, which have been reporied o contain significant amounts of
fibre, were investigated for their physicochemical properties, resistant starch (RS) content and in vifre starch
digestibility, and compared with commercial high-fibre-modified starches from corn and wapioca. Differential
scanning calorimetry showed a single endothermic peak located around 70-83 °C for the samples except the
modified starches, which exhibited no iransition enihalpy. The samples showed different pasting behaviours
in the Rapid Visco-Analyser (RVA) ranging from full 1o restricted swelling. The RS content varied from
[-26 g per 100 g dry sample, and the estimated glycaemic indices (Gls) of the samples were from 67% to
99%. Generally, samples with high RS were low in GI values. The starches produced acceptable rice noodles
but with reduced rate of starch digestion and GI. The effects of the unripe banana, edible canna and taro
fours on starch digestibility were either comparable or better than the commercial modified starches. Thesec
flours can substitute comnmercial modified starches to lower GIs of noodles and identical foods.
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Introduction

An emphasis on plant-based foods is driven by the
phytochemicals they contain and the desire to increase
fibre intake, which is lacking in many diets. There is a
general consensus among public health authorities and
nuiritionists that the inclusion of fibre in human diets
provides health benefits (Fernandez-Lopez er al., 2007).
Many studies have found that people on diets that are
high in dietary fibre have reduced risks of ceriain
diseases such as cancer, coronary heart disease, obesity
and possibly diabetes (Buttriss & Stokes, 2008; Viuda-
Martos et ai., 2010). The Codex Alimentarius Commis-
sion Commitice on Nutrition and Foods for Special
Dietary Uses adopied a new definition of dietary fibre as
‘carbohydrate polymers with ten or more monomeric
units, which are not hydrolysed by the endogenous
enzymes in the small intestine of humans’. Accordingly,
RS can be considered a functional dietary fibre by its
indigestible nature and beneficial physiological effects
(Sajilata et al., 2006; Fuentes-Zaragoza ef al., 2010). RS
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escapes digestion in the human small intestine and is
fermented in the colon with production of metabolically
active short chain fatiy acids (Topping & Clifton, 2001).
According to the Englyst classification, there are four
types of RS representing a broad and diverse range of
materials that are mostly defined according to physical
and chemical characteristics (Englyst es al., 1992;
Nugent, 2005),

Unripe banana starch has long been a subject of
interest because of its functional properties and health
benefits (Kayisu et af., 1981; Langkilde et al., 2002). It
has been reported to be rich in starch with total dictary
fibre that ranged from 6% to 15% (Suntharalingam &
Ravindran, 1993; da Mota et af., 2000; Juarez-Garcia
et al., 2006). Canna starch has gained interest because
of its high amylose content and large starch granule
size (Pérez & Lares, 2005; Cisneros er af., 2009). Hence,
native edible canna starch was found to be highly
resistant to hydrolysis by amylase enzymes (Hung &
Morita, 2003). Taro flour has also been reported to be
rich in starch and tota! dietary fibre (Jane er al., 1992;
Tagodoe & Nip, 1994). Consequently, banana, edible
canna and taro flour/stacch could have the potential to
be used as functional ingredients. However, there could
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be varietal/cultivar and location diflerences. It is also
important Lo understand how newly identified func-
tional ingredients compare with existing or commercial
ones. Therefore. this study examined the physicochem-
ical properties and  starch  digestibility of wunripe
banana, cdible canna and taro flours in comparison
with 1wo commercially available high-fibre-modified
starches. The mutritional effects on addition of the
studied fours/starches into rice noodles were also
investigated.

Materials and methods

Materials

Unripc banana. edible canna and taro flowrs were
purchased locally. Banana flour was produced from
matured unnpe banana (green and/or green trace of
yellow peel colour). All the Aour samples were processed
by wet milling. Modified starch (Brand A}, high-fibre-
modified corn starch, was purchased from National
Starch and Chemical (Thailand) Co., Ltd., Samut
Prakan. Thwland. This product was derived from
high-amylose corn slarch. The supplier labelled a
minimum of 60 g per 100 g dry sample total dielary
fibre, pH 4.5-7.5 and particle size 10-15 pm. Modified
starch (Brand B}, high-fibre-modified tapioca starch,
was purchased trom T-fibre Innovation Co., Ltd.
(Nakhon Ratchasima, Thailand). The supplier labelled
a minimum of 40 g per 100 g dry sample total dietary
fibre. All samples were sieved through 100-mesh screen
prior Lo analysis. This study investigated the flowrs
rather than starches, because apari from the simplicity
and eusc of flour production, and therefore less expense
(da Muota ef af., 2000}, the interactions of starch with
nonstarch components in the flours define the [unctionat
properties of the Hours.

Differeritial scanning calorimery (DSC)

The moisture content of the samples (10-14 g per 100 g
dry sample) was adjusted to 70 g per 100 g dry sample
by adding deionised water prior to DSC (Mettler Toledo
DSC I, equipped with refrigerated cooler). The hydrated
samples were kept in airtight comainers overnighl at
room lemperalure to ensure Lhat they were completely
equilibruted. The hydrated samples (20 £ 5 mg) were
weighed in the aluminium DSC pans and hérmetically
sealed. An emiply pan was used as the reference, and
DSC analysis was done by equilibrating at 30 °C,
isothermal for S min and ramping at {0 °C per min to
120 °C. The resulting thermograms were analysed using
Mettler Toledo Star® software (ver. 9.20) for the onset
lemperaiure (7,). peak temperature (7)., conclusion
temperature (7,.) and transition enthalpy. Each sample
was analysed i duplhicate.

Intemational Tournal of Food Science and Technology 2011

Rapid visco-analysis (RVA)

Pasting properties were investigated using the Rapid
Visco-Analyser (RVA-4D; Newport Scieniitic Pvt Lid..
Warriewood, NSW Australia) following the approved
method 61.02 (AACC, 2009). A 13-min RVA profile was
used with 3.0 g ground samples (adjusted o 4%
moisture content) in 25 mL distilled water. The RVA
Thermocline™ software (ver. 2.6) was used Lo obtain the
RVA profiles and pasting characteristics. Each sample
was analysed in duplicate.

Resistant starch content

Resistant starch, non-RS and total sturch (TS) lractions
were determined using the Megazyvime RS assay kit
(Megazyme International, Wicklow, Treland), [ollowing
the approved AACC method 3240 (AACC. 2009).
Briefly, ground sample (100 £ 5 mg) was accurately
weighted into a screw cap tube. Non-RS [raction in the
sample was solubilised and hydrolysed Lo glucose by the
combined action of pancreatic w-amylasc and amylo-
glucosidase (AMG) for 16 h al 37 °C in a shaking water
bath. The reaction was stopped by lhe addition of
ethanol, and RS was recovered as a pellet by centrilu-
gation. The pellet was disselved in 2 n KOH by
vigorously stirring in an ice water bath. This solution
was neutralised with acetate bufler, and the starch was
quantitatively hydrolysed to glucose with AMG. Glu-
cose released, which is a measure of RS content and
non-RS (solubilised starch), was measured spectropho-
tometricaily at 510 nm with glucose oxidasc—peroxidase
reagent (GOPOD). TS content was then catculated as
the swnmation of RS and non-RS.

In-vitro starch digestion and modelling of starch
digestogram

Time-course starch digestion in the sumples was deter-
mined using a rapid in vitro digesubility assay based on
glucometry (Sopade & Gidley. 2009; Mahasukhontha-
chat er al., 2010). Aboui 0.5 g of ground sample wus
treated with ariificial saliva containing porcing -
amylase (Sigma A-3176 Type VI-B) betore pepsin
(Sigma P-6887;, pH 2.0) was added and incubated at
37 °C for 30 min in a reciprocating water bath {85 rpm).
The digesta was neutralised with NaOH before adjusting
the pH to 6 (sodium acetate buffer) prior 10 the addition
of pancreatin {Sigma P1750) and AMG (Sigma A-7420).
The mixture was incubated lor 4 h, during which the
glucose concentration in the digesta was measured with
an  Accu-Check® Performa™ glucometer  (Roche
Thailand Co., Lid., Bangkok. Thailand) at specilic
periods (0, 10, 20, 30, 45, 60, 90, 120, 150. 180, 210
and 240 min). Digested starch par 100 g dry starch (DS)
was calculated as in eqn (i)
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09% G x 180 x V

DS =
= T S[100 — M) ()

where G; = glucometer reading (n L), ¥ = volume
of digesta (mL), 180 = molecular weight of glucose,
W = weight of sample (g), § = starch content of sample
{g per 100 g sumple), M = moisture content of a sample
{g per 100 ¢ sample)} and 0.9 = stoichiometric constant
for starch Irom glucose contents.

The digestogram (digesied starch at a specific lime
period) of each sample was modelled using a modified
fiest-order kinetic model, eqn (2), as described earlier
(Muhasukhonthachat ef af., 2010):

D, = Do + Dy o{l — exp[-Ki]) ()

where 2, (g per 100 g dry starch) is the digested starch at
tme ¢, Dy 15 the digested starch at time 1 = 0, D_, is the
digestion at infinite time (Dy + D_._,) and K is the rate
conslant (min~ ). The Microsoft Excel Solver® was used
to compule the parameters of the model by minimising
the sum ol squares of residuals (SUMSQ) and con-
straining D, < 100 g per 100 g dry starch, and Dy 20 g
per 100 ¢ dry starch. In addition lo (he coefficient of
determination (%), the prediciive ability of the models
was assessed with the mean relative deviation modulfus
{(MRDM) as deseribed elsewhere (Mahasukhonthachat
ef al.. 2010).

To caleulate the glycaemic indices (Gls) of the
samples. the areas under the digestograms (A4 UC.y,)
were computed with eqn (3). which is the integral form
of eqn (1)

i

Do exp(—m)] 3

AUCop = | Dot +

The hvdrolysis index (HI) of each sample was
calculated by dividing (Goni er ¢f., 1997) the area under
its digestogram by the area under the digestogram of a
[resh white bread, which was calculated to be aboul
13 000 min ¢ per 00 g dry starch from 0-240 min.
(Yong et al. 2010). From the study by Goni et al.
(1997}, single-point measurements of starch digestion at
90 min in the samples were also used to calculare GI
(Hyy)). Hence, using the parameters of the modified firsi-
order Kinetic model, eqn (2}, for both the samples and
fresh white bread, Gls of the samples were also
calculated. and the average Gl (Glave) for each sample
was defined by eqn (4):

Glavg= [

((39.21+0.803qu)+(39.51+0.573Hl))] @
2

Addition of the juvestigated flours/starches in rice noodles

Trials in our laboratory found that 20% of the
investigaled flours/modified starches could be added to
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normal rice noodle formular without significant eilecis
on taste and lextural properties of the noodles as
indicated by sensory evaluations (datn not shown).
Hence, normal rice noodle formula was added with
unripe banana, edible canna, taro fouwrs and two
modified starches, each at the same level of 20 o per
100 g dry ingredient. The mixtures were used to produce
dry rice noodles under a commercial noodle plant
environment by wet milling, slurry ageing. spreading 1o
sheets and steaming, ageing of steamed noodle sheels,
cuiting to the size of ~0.5 x 30 cmv and drying. The
samples were analysed for TS, RS and starch digestibil-
ity as described previously. Normal rice noodle formula
produced from 100% medium amylose ricc was used as
the control sample.

Statistical analysis

Analysis of vartance (aNova) and test of significance
were performed using SPSS® ver. 17 (SPSS (Thailand)

Co., Lid., Bangkok, Thailand) with conhidence level of

95%. The samples were randomised lor all the analysed
described earlier.

Results and discussion

Physicochemical and starch digestibility properties of the
flour and modified starch samples

Table | sumimarises the physicochemical and starch
digestibility properties of the unripe banana, edible
canna and taro ftowrs inchuding the two modified
siarches (Brands A and B). In terms of the gelatinisation
behaviowrs, banana, edible canna and tawro fours
exhibited a single endothermic peak. Nowably. both the
commercial modified starches (A and B) did not show
any transilion energy change. This suggests changes in

starch granule molecular order and structures by the -

modification process. According to the manufacturer,
Brand A is a high-amylose starch, which generally
gelatinises at high temperatures. In this study, the
gelatinisation temperatures and enthalpy ol the waripe
banana flour were found to be ligher than those of the
{aro and edible canna flours. Gelatinisaution tempera-
tures of the banana, edible canna and taro flowrs can
vary becanse of faclors that include genctic origin.
environmental conditions and age of the parent plant
(Jane er al., 1992; da Mota et ol.. 2000; Moorthy. 2002;
Hung & Morita, 2005). High-amylose starches with
longer average chain have been reported to exhibit
higher transition temperatures (Jane er al.. 1992).
Figure S1 ({see Supporting Information available
online) shows the RVA profile of the samples. Modilied
starch A did not swell, and as highlighted earlier, the
modification process appearcd to have completely
altered the native starch characienstics. Alternatively.
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Table 1 Physicochemical and digestibility properties of the flour and modified starch samples*

Parameters Unripe banana flour Edikle canna flour Taro flour Brand A Brand B
Starch properly {g per 100 g solids)
LS 30.49 = 0.42 34,0° .99 28.3% « 0.90 74.2% + 1.51 437"+ 1.46
RS 12.5° + 0.49 18.6" + 0.45 12.0° + 0.08 26.17 » 0.37 0.87 + 0.07
Non-RS 17.9% 1 0.03 15.4°+ 1.70 16.3° + 0.91 48.17 » 1.41 42,97 » 2.46
DSC properly (°C, 4 g™ ")
Onset 79.28° 2 0.34 67.18" + 0.43 67.08% < 0.09 nd nd
Peak 83157+ 0.75 70.67% + 0.08 70,25° + 0,15 nd nd
Conclusion 88.52% + 2,12 75.11° = 0.67 74177 2 0.14 nd nd
Enthalpy {sample} 19.25% + 1.26 11.68°% + 1.27 12.96% = 1.12 nd nd
Pasting property (“C, RVUI)
Pasting texnperature 83.82"7 + 0.31 75.97° + 0.24 88.37° 2 0.03 nd 73.25% + 0.21
Peak viscosity 348.95° + 4.30 430.00° + 1.17 80.127 = 1.11 nd 125,37° = 1.70
Trough viscosity 254.87" « 1.94 261.00% + 0.82 76.207 = 1.47 nd B3.75° 2 0. 17
Final viscosity 381.50” + 3.53 354,54% 2 548 109.66° = 3.41 nd 113.28° = 0.64
In vitro starch digeslion property (g per 100 g dry starch; min~"; %}
Gastric-pancrealic .
D, 47.1° + 0.31 46.4% = 1.75 61.0° + 4.24 22,49 + 0.43 33.2° + 0.32
D. 94.6°% + 7.71 100.0° £ 0.00 84.0° £ 6.37 62.7° + 0.79 100.0° = 0.60
Kx 107% 2.8% + 0.62 1.3% + Q.08 14,17 4.19 9.47 - 0,06 9.2° = 1.04
Glyyas 85° + 0.5 81°x 1.5 i01% £ 2.6 769 = 0.4 96" « 2.3
Gl 1012 2 0.4 957 + 2.0 119° + 4.1 88° = 0.6 15 + 2,4
Glays 93*+ 05 a8® + 1.8 110° + 3.4 82°: 0.5 1067 + 2.4
Pancraatic
D. 44.9° + 7.03 75.0° = 2.64 2525+ 1.21 40.4% = 0.34 79.4% + 7.22
K= 10°* 21"z 0.65 1.0z 0.10 259° + 3.42 113"+ 012 6.8°0.75
Glyss 487202 44% £ 0.3 51°2 0.3 60" + 0.1 68° = 0.3
Gl 5392 0,1 48° 1 0.5 61°x 0.5 67tz 01 8172 1.0
Glavs 6509+ 0.2 46° 2 0.4 59° x 0.4 63" + 0.3 742 = 0.7
-

For each parameter (row), values wilh the same lalters are not significantly {P > 0.05) different.
nd, nok detectable; DSC, Differential scanning calorimery; G, giycaemic indices; Hi, hydrolysis index; AiS, resislant starch; TS, toial starch.

*Values are means = slandard deviations.

the pasting behaviours of Brand A resemble those of
high-amylose starches. The modified tapioca starch
(Brand B) swelled during the RVA heating process.
This is surprising because while the pasting behaviours
of this sumple appear to suggest the presence of native
starch  granulces, there was no evidence of starch
gelatimsation in the DSC. However, although both the
RVA and DSC neasure different properties of starch in
excess wualer, it is expected that native starch granules
that pasted in the RVA would be gefatinised with an
enthalpy change in the DSC. In view of its pasiing
properties. it is unlikely that Brand B is a high-amylose
sturch, The unripe banana and edible canna flours gave
higher peak and linal viscosities than those of laro, while
their pusting temperatures were essentially identical
(Table 1). Although both the unripe banana and edible
canna flours can be said to have higher water binding
capacity than the taro flour, the laliter was more resistant
to shear, more stable during cooling and retrograded
less as indicated by lower breakdown and setback
viscosities. The pasting behaviours of the unripe
banana. edible canna and taro fours (Table 1) are
generally in agreement with published studies (Jane
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el al., 1992; da Mola ef al., 2000: Piyachomkwan et af.,
2002; Thitipraphunkul ef ¢l., 2003 Aboubakar ef al.,
2008; Haslinda ef af., 2009). Tn addition, the entangle-
ment and interaction between amylose and amylopectin
molecules and entrapped incompletely disrupted grun-
ules are also responsible for the viscosity characteristics
of starch pastes and gels (Debet & Gidley. 2007).

For RS, non-RS and T8, the data are also sununar-
ised in Table 1I; non-RS or digesoble starch is the
differcnce between total and resistant starches. The
samples contained significant amounts of RS except the
modified tapioca starch (Brand B). which contained
about 1g per 100 g dry sample. As expecled. the
modified maize starch (Brand A) contained the bighest
amount of RS because of its high-amylose content.
Unripe banana is considered the RS-richest nonpro-
cessed food with more than 10% RS, which could vary
with genotype and environmenl (Tuarez-Garcia ef af..
2006; Fuentes-Zaragoza ef ai., 2010). Unripe or green
banana could represent an alternative source of indi-
gestible carbohydrates. Edible canna and taro flours
were aiso reported to contain high RS (Aboubakar
ef al., 2009; Zhang et al., 2009). Probably because of
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their large starch granules or presence ol starch—protein
mteractions, tubers and legumes generally lend to have
high RS. but plant sources can vary (0—80%) in their RS
contents (Giczewska & Borowska, 2003; Chen et al..
2010). Moreover, hydrothermi) processing can cause an
increase or decrease in the RS fraction depending on the
process condilions and postprocess handling (Gic-
zewska & Borowska, 2003).

Figure 82 shows the starch digestograms of the
samples. Figure S2a depicts the gastric—pancreatic data,
while (he pancreatic dala, obtained by subtracting the
gastric datn. are plotted in Figure S2b. The modified
first-order  kinelic model, cqn  (2), was  satlabic
(7 = 0.869-0.993; MRDM = 1-18%; SUMSQ = 5-
I41) in describing the digestograms from both
approaches. All the samples exhibited high Do {gastric
digestion). a measure of the very rapidly digested starch
(VRDS). Despite having high-amylose content, Brand A
showed a higher rate of digestion (K) than the unripe
banand and edible canna flours. However, Brand A had
more or less the lowest maximum digested starch (D..).
The estimated G1 of the samples was higher than 50%
(Table 1). Generally, Brand A Wwould have the lowest
GI, while taro flour and Brand B would give the highest
Gl The higher resistant starch content was reported Lo
reduce starch digestion rate in various food systems
{(Choi er al.. 2010; Yadav ef al., -2010). Among the
flours. the unripe banana and edible canna appeared to
be potential valuable ingredients for low-GI foods and
might prove better than the modified tapioca starch
{Brand B). The GI of loods depends upon various
factors such as starch granule morphology, amylose to
amylopectin ratio, molecular structure, degree of
branching in terms of steric hindrance and consequently
mass ranster resistance {Fuentes-Zaragoza ef al., 2010
Singh e¢r uf.. 2010). Starchy loods that are rich in
amylose conlent are associated with lower blood glucose
levels and slower emptying of human gastrointestinal
tract compared to those with low levels of amylose
(Behall ef «f.. 1988, 1939). Amylose content was
repovted 1o have an obvious impact on GI values and
RS conteni. The contents of RS were increased with the
increasing amylose as studied in rice {(Hu et al., 2004).
Edible canna and banana starches were reported to
contuin substantial amount of amylose, ranging [rom
19% 10 23% in cdible canna (Thitipraphunkul er af.,
2003; Hung & Morita, 2005} and 16-20% in unripe
banana (Zhang ef al., 2005). Both intrinsic resistance
and encapsulation of starch granules in edible canna and
unripe banana fAour samples could contribute to low
digestibility found in this study. The large amouni of
resistant starch in edible canna and unripe banana
starchies was considered to relate with B-type crystal
structure (Hung & Morita, 2005). Taro starches were
reporied Lo conkain about 21-23% amylose (Aboubakar
et al.. 2008). However, because of the small sizes of its

© 2001 The Authors

starch granules, taro is highly digestible (Jane cf of.,
1992). Tt is widely recognised that low-GI loods are
valuable for use in controlled glucose release applica-
tions and in lowering insulin response. and greater
access Lo the use of stored fal is expecled (Nugenlt. 2005;
Sajilata ef @l., 2006). This is important for diabates and
its dietary management.

The present study showed native or regular unripe
banana and edible canna flours can have similar or
better functional properties as oblaed trom commer-
cial modified starches. This appears to support the
conclustons of Moorthy (2002) that some lropical tuber
and rool crop starches have the potentiat o be used in

low-GlI foods.

Starch cantent and digestibility of rice noodies

Rice noodles, which are usually produced from medium
ainylose broken rice, were used as the study model as 1t
is among the popular rice products in tropical countries
where banana, edible canna and taro flours are abun-
dant. Noodles are also particularly a notable dietary
ilem in Asia. Table 2 summariscs the properties ol the
rice noodles with and without the flours and starches.
The rice noodles are rich in TS, and the addition of the
flowrs/starches significantly increased RS contlent in the
final products. Tn this study. TS ol rice noodles ranged
from about 65 to 79 g per 100 g dry sample (Table 2).
As expected, modified starch A provided the highest RS
content because it is a high-amylose starch with a high
RS contenti. Among all the flours, the edible canna and
unripe banana flours were proved w be the promising
source of indigestible carbohydrates. providing signifi-
cant amounts of RS in the processed product us
speculated earlier.

Figure S3 shows the starch digestograms ol the
noodies. As with the Rours and starches, the modified
first-order kinetic model, eqn (), was suitable (* =
0.982-0.996; MRDM = 2-11%; SUMSQ = 16-86) in
describing the digestograms. All the noodles exhibited
high Dy (VRDS), which is not surprising because ol the
gelatinising effects of the heat-moistuie treatments
during the noodle manuflacture. This could ualso be
partly responsible for the reduction in the RS content of
the noodles 11 comparison with the lours and sturches
(Table ). The presence of the fAours and starches
reduced (14-68%) the rale of starch digestion in the
noodies to show the beneficial effccts ol the substitution.
This also translates to reduced GI values in the
substituted rice noodles even though, irrespective of
the modelling approach (gastric—pancreatic or pancre-
atic), GI values were higher than 55%, being the upper
limit for low-GI foods. In rerms ol their GI values,
foods are classified as high (70% and above). medium
(56-69%) and low (55% and under). Although the
substituted noodles still gave high GI values. the noodles
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Tabla 2 Starch content and digestibility properiies of the noodles added with high-fibre flours or moedified starch samples

Noodle with Noodle with

unripe banana edible canna Noodle with Noodle with Noodle with
Parameters Cantrel flour flour taro flour modifled starch A modified starch B
Starch properly (g per 100 g solids)
5 747 £ 1.87 73.9°+ 2,44 72.8% + 6537 78.5° + 5.31 78.5% + 4.35 64.8" x 0.61
RS 1.00% + 0.24 2.47° + 0.2 3.64% + 0.07 1.16% 2+ 0.15 877 £ 0.01 1.40% = .06
Non-RS 73.7°° 2 1.81 71.4%° + 2.56 69.2% + 5,37 77.347 2 5,43 69.7%° = 4.42 63.4% = 0.64
in vitro starch digestion properly {g per 100 g dry starch; min~'; %}
Gastric-pancrealic
D, 31.57 + 3.79 29.5% =+ 0.09 29.4° = 0.77 2827+ 0.14 20.9%+ 1.18 32.0° = 6.57
D.. 99.2% + 1.16 100.0° + 0.00 100.0° £ 0.00 93.1°% 1 0.45 89.3% + 655 97.9° = 1.76
K 107° 14.9% + 2.87 7.4°+ 0.10 6.5" + 0.61 12.8° + 0.00 8.2% + 1.57 11.8° = 0.00
Glyas 104% + 3.8 90° + 0.3 88°+ 2.0 98 + 0.3 88°+ 0.0 100% = 1.1
Gl 1239 35 108° + 0.3 108° + 2.4 115° + 0.4 105° = (1.9 1183 + 1.4
Glaves 11372 3.7 99° £ 0.3 977222 106"+ 0.3 97°+ 0.5 109" + 7.2
Pancreatic
D.. 69.0% + 343 71.7° £ 0.52 84.6° 2 3.05 64.6% + 0.32 59.1° + 6.31 65.6" 2 1.17
Kx 1072 14.67 + 3.37 6.2°+ 0.02 4,7° = 0.00 12.4° £ 0.00 7.6% x+ 1.69 11.47% = 0.00
Glagy 797+ 2.9 877+ 0.1 627+ 08 74% 1 0.2 629+ 1.1 73° 06
Gl 9t + 2.0 79°1 0.2 749+ 1.3 850 = 0.2 729+ 0.6 B4+ 0.8
Glavs 85+ 25 73"+ 0.2 687+ 1.1 80% £ 0.2 61909 79° 0.7

For each parameter {row), values with the same lelters are not significantiy (P> 0.05) different.
Gl, glycaemic indices; HI, hydrolysis index; RS, resistant starch; TS, total starch.

from the edible canna and wnripe banana flows gave the
lowesl reduction in GT compared with the conirol, lower
GI than the noodle from the modified starch B and
essentially the sume G as the noodte from the modified
starch A, Banana flours were reported to successfully
enhance the nutritional properties in noodles producis
(Ramli ¢t «l., 2009; Choo & Aziz, 2010), and the results
obtained in the present siudy are consistent with the
general trend. The results are also remarkable because
banana and cdible canna are locally available in
Thailand. and their flours can be easily produced. This
will not only save cost, but it will provide local taste to a
popular food product (nooedles).

Conclusions

Resistant starch has received much attention for both its
health and nutritional benefits. The lunétional proper-
ties of unripe banana, edible canna and taro flours were
investigated in comparison with two commercial mod-
ihed high-libre starches. All the investigated flours,
specifically unripe banana and edible caona fours,
contained sighificant amount of RS. They also showed
the potential o be used as functional ingredients for
lowering Gls in starchy food products, rice noodle as an
example iy this study. The inhereni characteristics of
these tlours can help in value addition of these crops and
contribute to well-being and food security in the tropical
and sublropical regions, where these crops are abun-
dantly grown.
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Additional Supporting Information may be found in the
online version of this article:

Figure S1, Pasting rapid visco-analysis behaviours of’. *
the of unripe banana, edible canna. laro flours and 1wo
modified starches (Brand A and B).

Figure S2. Gastric—pancrealic (a} and pancrealic
digestograms {b) of banana four (4 ). edible canna Qour
(4), taro flour (W), modified starch A (+) and maodificd
starch B (#).

Figure 83. Gastric—pancreatic (a) and pancrealic
digestograms (b) of noodle samples; control (), with
added banana flour (A), with added canna flour (M), with
added taro flour (+), with added modified starch A (2)
and with added modified starch B (3).

Please note: Wiley-Blackwell are not responsible for
the content or functionality ol any supporting materials
supplied by the authors. Any queries (other than missing
material) should be direcied to the corresponding author
for the article.

International Jowrnal of Food Science and Technology 2011

Intemnational Journz! of Faed Science and Technolegy & 2011 Instiute of Food Science and Technology

2117



