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Abstract Flours and starches isolated from traditional tubers
and roots grown in Indonesia have physical and chemical
properties suitable for certain food applications. Compared
to other flour samples, cassava and canna flours contained
the highest amount of total starch (TS) (77.4 and 77.1 %,
respectively). Taro starch had the lowest amount of TS among
other starch samples with 75.4 %. The highest amount of
amylose was observed from yam and canna flours (25.2 and
23.2 %, respectively). Among starch samples, canna starch
contained the highest amylose content (30.4 %), while taro
had the lowest (7.6 %). In terms of protein content, arrowroot
flour had the highest amount (7.7 %), in contrast to cassava
flour which had the lowest (1.5 %). Compared to other flours,
canna and konjac flour were the most slowly digested which
indicated by their high amount of resistant starch (RS). Canna
starch had the highest swelling power and viscosity than other
starches and flours. The clearest paste was observed from
cassava flour and starch as opposed to konjac starch which
was the most opaque paste.
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Introduction

Starch presents the principal energy reserve in plants. As
such it is deposited in storage organs of many starchy crops,
such as wheat, corn, rice, potato, wheat, and serves as the
most important energy source for humans. Due to its biode-
gradability and well-defined physico-chemical properties, it
offers a number of different opportunities as a versatile
renewable resource for various material applications.
Although a great number of native starches with different
functionalities is available on the market, increasing demand
for specific starch properties requires new strategies or,
alternatively, novel sources. Chemical derivatization has
extended the range of functional properties available;
however, due to consumers’ opposition starches from
other botanical sources including tropical sources are now
being assessed for required functional properties thus
avoiding the need for chemical modifications (Tetchi et al.
2007).

Indonesia harbors many plants, out of which traditional
starchy tubers and roots have the potential to be used as
sources of flours and starch, and replace commercial
starches in various industrial applications. Some of these
plants are cassava, sweet potato, taro, arrowroot, canna,
konjac and sago. These tubers and roots have carbohydrate
content and nutritional value very similar to that of rice and
wheat. In comparison to cereals, tubers and roots contain
relatively high amounts of resistant starch, an important
form of starch which is non-digestible and therefore acts
as fiber (Liu et al. 2006). Therefore, these traditional starchy
plants may be important in the human diet to reduce the
risks of obesity, cardiovascular diseases and diabetes. In
addition to this, these tubers and roots are free of gluten
and therefore may also replace wheat in certain food appli-
cations to reduce the incidence of celiac disease (CD) or
other allergic reactions to gluten (Hung and Morita 2005)
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Flour and starch from tubers and roots can be used to
substitute wheat flour in certain food applications (Raja and
Sindhu 2000; Chen et al. 2003a, b; Charles et al. 2007;
Mepba et al. 2007). However, the potential of these plants
has not been utilized fully, mainly due to lack of general
knowledge on processability and functional properties of
these materials. The application of these underutilized
starchy materials may also be driven by current world pol-
icies and demographic demand. By 2050 food production
must increase by about 70 % above current levels to feed the
anticipated 9 billion people. Another challenge is the large,
growing food security gap in certain places around the
world. In this context, diversification and sustainability of
agricultural resources will play an important part in address-
ing these important issues. Thus, there is a need to explore
diverse plant materials including underutilized starchy roots
and tubers and transform these commodities into more ac-
ceptable forms such as flour or starch (Liu et al. 2006). Such
forms could be fortified with other nutrients, thus improving
their low protein or vitamin content, or processed further to
increase the stability and consequently shelf life of these
commodities to achieve a sustainable food supply.
Moreover, these materials could be applied wider either in
food or non-food industries.

Enhancing our knowledge of the properties of different
starchy underutilized tubers and roots from Indonesia may
result in different applications in the food or non-food
industry. The aim of this study was to assess the important
physical and chemical properties of the main compounds,
namely flours and starches, of underutilized tubers and roots
traditionally produced in Indonesia, for their applications in
the food industry.

Materials and methods

Materials and sample preparation

Matured tubers and roots of taro (Colocasia esculenta var
Bentul), yam (Dioscorea alata var Krimbang), sweet potato
(Ipomoea batatas var Kalasan), canna (Canna edulis var
Ganyong merah), konjac (Amorphophallus campanulatus
var Mutiara), arrowroot (Marantha arundinaceae var
Creole), and cassava (Manihot utillisima var Muntilan) were
collected from Tulung Agung (East Java, Indonesia). The
tubers and roots were processed by peeling, washing, cut-
ting these materials into 1–2 cm cubes, and slicing into thick
chips. These were then oven dried at 30 °C for 40 h until the
final moisture content of approximately 13 % was reached.

Flour was obtained by grinding dried chips and sifting
coarse materials through a 300 μm sieve. The yield of flour
based on the weight of the raw tubers was then determined.
For starch isolation, a flour sample (100 g) was dispersed in

300 ml of sodium metabisulphite (0.075 %) and stored at
4 °C overnight. Subsequently, this dispersion was passed
through a 150 μm sieve. The residue was washed with
sodium metabisulphite (0.075 %). The resulting slurry was
left to stand overnight at 4 °C, centrifuged (Sorvall RC 5,
Beckman, MN, USA) at 14,000xg for 20 min and the
supernatant was discarded. The colored layer was manually
scraped off from the starch. This step was repeated until the
supernatant layer was almost colorless. After the last centri-
fugation, the supernatant was decanted and sodium hydrox-
ide (0.1 M) was added to the remining sediment (starch).
Deionized water was then added to wash the pellets until
their pH was neutral. Recovered starch was dried using an
air oven at ~35 °C for 30 h, ground and sieved using a
250 μm sieve. The yield of starch based on the weight of its
respective flour (100 g) was determined. Starch was stored
in an air tight container under dry conditions.

Proximate analysis of extracted components

Moisture and protein content of flours and starches were
analyzed following established protocols (#44-15A and
#46-12, respectively). Total amylose content within the flour
and starch samples was determined after lipid removal with
hot 75 % n-propanol for 7 h in a Soxhlet extractor (Hoover
and Ratnayake 2005). Amylose and amylopectin contents
were expressed relative to the total starch content.
Amylopectin content was calculated as the difference be-
tween total starch content and the amylose content. Total
starch was measured using Total Starch assay kit
(Megazyme, Ireland). A total starch assay kit (Megazyme,
Ireland) and a Megazyme resistant starch assay (Megazyme,
Ireland) kit were used to measure total starch and the resis-
tant starch content, respectively. Digestibility of samples
was determined based on the ratio of non-resistant starch
to total amount of resistant and non-resistant starch (Hung
and Morita 2005).

Particle size distribution

A Coulter counter (LS130, Coulter Corporation, FL, USA)
was used for assessment of particle size distribution of
samples. Background reading for water was recorded before
each measurement and sample was added until an obscura-
tion of 18–20 % was achieved. Sonication for 5 min was
performed to disperse any agglomeration.

Swelling power

Flour and starch dispersions (0.5 %) were prepared in falcon
tubes and heated in a water bath at 60, 70, 80, or 90 °C for
30 min with constant agitation to avoid sedimentation. This
was followed by centrifugation (Sorvall) at 1,000xg for
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15 min at 20 °C. The sedimented fraction was weighed and
its mass related to the mass of dry starch was expressed as
swelling power (w/w) (Santacruz et al. 2003).

Paste clarity

Paste clarity of flour samples was determined based on the
percentage of their light transmittance at 650 nm against the
water blank using a spectrophotometer (Cary IE; Varian
Australia Pty. Ltd., Melbourne, Australia) (Craig et al.
1989). The flour and starch dispersions (1 %) were prepared
in a screw cap tube and heated at 100 °C for 30 min with
intermittent mixing to avoid sedimentation. The tubes were
then cooled down at room temperature for 1 h and the
percentage of light transmittance was measured. To monitor
retrogradation tendency, the tubes were stored at 4 °C for
7 days and the percentage of light transmittance was mea-
sured each day.

Pasting properties

The pasting properties of flour and starch were investigated
using a starch cell (Physica SmartStarch analyzer, Anton
Paar) attached to a CR/CS rheometer (Physica MCR
33011, Anton Paar, GmbH, Germany) using the method
described elsewhere (Jayakody et al. 2007). An aqueous
sample containing 7 % w/w of either flour or starch was
prepared and equilibrated at 50 °C for 1 min, then heated
from 50 to 95 °C at 6 °C/min, held at 95 °C for 5 min,
cooled to 50 °C at 6 °C/min, and held at 50 °C for 2 min.
The speed was 960 rpm for the first 10s, then 160 rpm for
the reminder of the experiment. The pasting properties of
each sample were inferred from acquired diagrams.

Thermal properties

Differential scanning calorimetry (DSC-7, Perkin Elmer,
Norwalk, CT, USA) was used to assess the gelatinisation
temperatures including onset (To), peak (Tp), and endset (Te)
temperature, as well as gelatinization enthalpy (ΔH) of each
sample. Flour and starch samples were prepared by adding
deionized water (11 μL) to 3 mg of sample in an aluminum
pan (BO160932, Perkin Elmer), which was allowed to stand
overnight at room temperature before analysis to ensure
equilibration of sample and water. The sample was heated
from 20 to 100 °C at 10 °C/min heating rate. An empty
aluminum pan was used as reference in each measurement
(Ratnayake et al. 2001).

Statistical analysis

A randomized block design was applied in the design of all
experiments, with tubers and replications (block) as the

main effects. This block structure was repeated at least three
times with at least 2 sub samplings. Results were analyzed
using General Linear Model procedure of the SAS systems.
The level of significance was preset at p< 0.05.
Relationships between the different properties of flours
and starches were determined using Pearson correlation
analysis.

Results and discussion

Physicochemical properties

Proximate composition of flours and their isolated starches
is shown in Table 1. Cassava and canna flours contained
similar amounts of total starch (TS) (77.4 % and 77.1 %,
respectively), which was significantly higher (p<0.05) than
for other sources (Table 1). Further purification has in-
creased the amount of TS. Besides taro starch that contained
less TS (75.4 %), other starches had a similar content of TS.
Lower TS content for taro and sweet potato flours has been
reported previously (60.7 % and 64.4 %, respectively)
(Hung and Morita 2005). In contrast, TS of yam and arrow-
root flours determined in the present study was lower than in
other reported studies i.e. 88.7 % and 85 %, respectively
(Raja and Sindhu 2000; Chen et al. 2003a, b). Overall, TS of
starch samples in this study was lower than other studies
(Chen et al. 2003a, b; Piyachomkwan et al. 2002; Moorthy
2002). The observed differences in raw materials could be
caused by multiple factors including tuber and root maturity
at harvesting, botanical origin, analytical methods, and
high endogenous α-amylase activity (Yadav et al. 2006;
Srichuwong et al. 2005a, b).

Canna and yam flour contained similar amounts of
amylose (32.7 % and 33.1 %, respectively), followed by
arrowroot (29.4 %), sweet potato (26.8 %) and konjac
(21.7 %). Taro and cassava had the lowest amounts of
amylose of all with 17.3 % and 13.1 %, respectively.
Among the starch samples, canna contained the highest
amount of amylose (35.0 %) followed by similar amounts
for yam (23.7 %), arrowroot (21.9 %) and konjac (21.3 %).
Sweet potato and cassava also contained comparable con-
centrations of amylose (15.9 % and 14.6 %, respectively)
while taro was the lowest with only 10.1 %. Similar amy-
lose contents of canna and yam starch have been reported
in other studies (Puncha-arnon et al. 2007; Woolfe 1992).
On the contrary, amylose content of sweet potato, arrow-
root, konjac, and taro starches obtained from this study was
lower than previous reports (Liu et al. 2006; Puncha-arnon
et al. 2007; Zaidul et al. 2007). Amongst the flour samples
analyzed in this study, canna and yam flours contained
similar amounts of amylose to that of wheat flour
(Mbofung et al. 2006)
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Amongst flour samples, arrowroot contained the highest
amount of protein (7.7 %), followed by konjac (6.2 %), taro,
yam, canna (5.5, 5.3 and 4.2 %, respectively) and sweet
potato (3.3 %). Cassava flour contained the lowest amount
of protein with only 1.4 %. The protein content of taro and
yam flour was lower than in previous reports i.e. 2.7–5.4 %
and 6.9 %, respectively (Chen et al. 2003a, b; Tattiyakul et
al. 2006). As expected, the level of protein content within
the flour samples was slightly decreased after starch isola-
tion. The protein values of starches are not significantly
different. The protein content of taro was slightly lower than
what has been reported earlier, i.e. 0.2–1.3 % (Freitas et al.
2004). For yam and sweet potato, the protein level was
similar to that previously reported (0.5 % and 0.45 %,
respectively) (Moorthy 2002), while the protein levels of
canna and cassava starches were higher than that reported in
other studies (0.05–0.2 % and 0.1 %, respectively)
(Piyachomkwan et al. 2002; Jane et al. 1992). This differ-
ence might be due to the starch isolation method, variation
in botanical origin and local climate during cultivation
(Radley 1976).

All flours and starches observed here have a lower pro-
tein content compared to that of wheat flour (Zaidul et al.
2007). For some food product applications, the protein
content of wheat flour is too high and can be diluted with
other starches of lower protein content. This is the case with
biscuit making. The protein content of the mixture required
is around 7.0–8.5 % for sweet biscuits or 8.4–10 % for
biscuit sponge (Snow and O’Dea 1981). Therefore, the
flours and starches studied here have the potential to par-
tially substitute wheat flour to obtain composite flours with
acceptable protein contents for certain food applications.

Canna and konjac flour had similar amounts of resistant
starch (56.4 % and 51.7 %) and the highest amount of
resistant starch amongst all the flour samples examined
(Table 2). Arrowroot contained a lower amount of resistant
starch (33.2 %) and cassava contained 19.3 %. Taro and yam
had comparable amounts of resistant starch (11.9 % and
10.8 %, respectively) while sweet potato had the lowest
amount with only 4.7 %. A low amount of resistant starch
in sweet potato flour has been previously reported4 this
being 3.4 %. Since having the lowest amount of resistant
starch, sweet potato flour would be the most digested among
our flours. On the other hand, canna starch contained the
highest amount of resistant starch (70.8 %) and therefore
would be the least digested. This percentage of resistant
starch in the canna starch was much higher than other
starches such as konjac (20.9 %), arrowroot (15.9 %), yam
(13.2 %), cassava (10.4 %), sweet potato (10.2 %) and taro
(3.3 %).

The differences in the degree of digestibility among the
samples assessed in this study are more likely due to the
differences in their crystallinity. Starch with A-type crystal-
linity has inferior crystals due to the high proportion of
short-branch amylopectin chain. Thus, this type of starch
is more susceptible to digestion by α-amylase. As a conse-
quence, the A-type starch has a higher digestibility com-
pared to the B-type starch (Radley 1976). Results obtained
in this study are in agreement with this statement. In general,
starches with B-type of crystallinity such as sweet potato,
taro, arrowroot and cassava have higher digestibility com-
pared to canna that has A-type (Puncha-arnon et al. 2007).
Others factors that might also influence digestibility are
amylose content, particle size and amylopectin chain-

Table 1 Chemical composition
(%) of flours and starches
extracted from taro, yam, sweet
potato, canna, arrowroot, konjac
and cassava

n=3. Values followed by the
same superscript in each column
are not significantly different (p
<0.05)

Source Protein Total starch Amylose Amylopectin Moisture Yield

Flours

Taro 5.5±0.20c 65.4±3.30b 17.3±2.50d 48.1±1.91e 8.9±0.60c 19.0±2.50d

Yam 5.3±0.10c 70.2±5.70b 33.1±1.20a 37. 0±7.32d 9.5±0.11bc 14.1±1.80a

Sweet potato 3.3±0.20e 64.0±1.80b 26.8±2.70b 37.2±4.40b 9.9±0.31b 30.0±2.30b

Canna 4.2±0.00d 77.1±3.20b 32.7±2.00a 44.4±1.41c 10.9±0.11a 25.0±1.70a

Arrowroot 7.7±0.00a 62.3±0.30b 29.4±1.40b 32.8±1.70c 9.4±0.20bc 32.0±1.60b

Konjac 6.2±0.00b 68.5±0.80b 21.7±2.30c 46.7±1.79b 9.5±0.11bc 12.1±2.00b

Cassava 1.4±0.02f 77.4±0.90a 13.1±2.60d 64.4±3.99b 9.5±0.58bc 40.2±2.50a

Starch

Taro 0.60±0.10b 75.40±2.10b 10.1±1.61e 65.2±0.71a 9.8±0.41bc 21.1±1.60b

Yam 0.60±0.20b 82.10±3.50a 23.7±2.41b 58.4±2.90b 10.8±0.10b 15.2±2.40d

Sweet potato 0.50±0.10b 87.10±3.80a 15.9±0.91cd 71.2±4.62b 10.1±0.60bc 18.1±1.70d

Canna 0.80 ±0.10b 88.10±0.80a 35.0±0.49a 53.0±1.11c 12.3±0.51a 16.0±2.80d

Arrowroot 0.60 ±0.20b 84.20±4.40a 21.9±1.39c 62.3±2.20b 10.2±0.40bc 12.0±2.60d

Konjac 1.2±0.20b 82.40±3.80a 21.3±2.51c 61.1±5.59b 10.6±0.20b 18.1±2.54d

Cassava 0.40±0.10b 85.50±2.80a 14.6±1.50d 70.1±2.51e 8.9±0.59bc 36.0±1.56d
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length distribution (Srichuwong et al. 2005a, b; Gelencser et
al. 2008).

In this study, resistant starch content was negatively corre-
lated (r=−0.974) with digestibility of the samples. A similar
result has been reported previously (Wickramasinghe and
Noda 2009), arguing that interaction between resistant
starches and other starch components may influence the di-
gestibility by α-amylase. A significant negative correlation
was also observed between amylose content and digestibility
(r=−0.868). It was proposed that the low amount of amylose
might cause reduction in the compactness of the amorphous
region of starch granules and subsequently increase suscepti-
bility of starch toward α-amylase digestion (Taggart 2004).

Based on their proximate analysis, flours and starches
studied here could bring benefits for some food appli-
cations. Having high amount of amylose, canna flour
and starch could partially replace wheat flour in snack
food formulations to obtain products with a crunchy
texture. Amylose within flour or starch could strengthen
the dough, which in turn improves the forming and
cutting properties of dough to produce snack foods with
a crunchy texture (Huang et al. 2006). As mentioned
earlier, the low protein content of these flours and
starches is beneficial to dilute protein content of wheat
flour to produce composite flours that fulfill the require-
ment of protein content for certain food applications, for
example biscuits making (Snow and O’Dea 1981).

The high digestibility of some of these starchy materials
might be beneficial for food preparations especially for
infants and the elderly who require more readily digestible
food (Snow and O’Dea 1981). On the other hand, the low

digestibility of canna flour and starch could be important in
the prevention of obesity, diabetes and other related dis-
eases, when they are used as food ingredients (Hung and
Morita 2005). Besides imparting nutritional benefits, incor-
poration of flours or starches that contain resistant starch
might also offer processing benefits. For example, in low-
water systems due to low water-binding capacity and negli-
gible impact on dough viscosity and rheology. Moreover, in
such a system, the presence of resistant starch might also
bring textural benefits. A more expanded, light, and crispy
texture could be obtained for snacks containing resistant
starch (Huang et al. 2006).

Particle size

Particle size distribution patterns of the flour samples are
represented in Fig. 1a. In general, all flour samples had two
distinct populations of granule. Sweet potato, taro, yam and
konjac flours had a similar pattern of distribution with a high
proportion of larger granules centered at 288, 315, 345 and
378 μm, respectively. A small proportion of small granules
was also observed, indicated by the presence of the second
peak at 19 μm for sweet potato, 2 μm for taro and 28 μm for
both yam and konjac flours. The range of granule size of sweet
potato and yam was not clearly different but was slightly
lower than for taro and konjac flours. Thus, these two flours
were more homogenous than taro and konjac flour. In contrast
to cassava and arrowroot flours, which had a different distri-
bution pattern, these flours had a high amount of small gran-
ules (17 and 27 μm, respectively). Cassava flour had a
narrower size range than that of arrowroot, and the proportion

Table 2 The content (%) of re-
sistant starch, non-resistant
starch, and digestibility of flours
and starches extracted from taro,
yam, sweet potato, canna, ar-
rowroot, konjac and cassava

n=3. Values followed by the
same superscript in each column
are not significantly different (p
<0.05)

Source Resistant starch Non resistant starch Digestibility

Flours

Taro 10.8±1.50D 30.8±1.70D 74.0±1.50BC

Yam 11.9±0.30D 56.8±5.90C 82.6±1.81AB

Sweet potato 4.7±0.71D 84.6±1.21A 94.7±0.70A

Canna 56.4±4.40A 28.1±1.20D 33.3±2.70D

Arrowroot 33.2±0. 80BC 62.0±3.50BC 65.1±3.81C

Konjac 51.7±0.11A 29.6±2.90D 36.4±3.30D

Cassava 19.3±3.80CD 72.1±2.90AB 78.9±4.00B

Starch

Taro 3.3±1.20D 91.2±2.60A 96.5±1.30A

Yam 13.2±0.80CD 80.6±4.31BC 85.9±1.41BC

Sweet potato 10.2±0.40D 86.8±4.10AB 89.5±0.80B

Canna 70.8±1.70A 22.1±1.80E 23.7±1.90E

Arrowroot 15.9±0.11C 77.1±4.40BC 82.8±0.80CD

Konjac 20.9±0.60B 73.9±4.01C 77.8±1.21D

Cassava 10.4±1.21D 41.4±2.90D 79.9±2.50D
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Fig. 1 Particle size distribution, Swelling power, Pasting properties and Paste clarity of flours (a) and starches (b) extracted from taro, yam, sweet
potato, canna, konjac, arrowroot and cassava
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of small (53 μm) and large granules (316 μm) within the
canna flour was not significantly different. It was predicted
that the presence of smaller granules in sweet potato, taro,
arrowroot, cassava and canna flour was mainly associated
with starch granules. For yam and konjac flour, the smaller
granule could be related to particle clusters.

Among the starches, canna had the largest mean diameter
of granule size (56 μm) followed by arrowroot (27 μm) and
sweet potato (19 μm) (Fig. 1b). Konjac and cassava had the
same mean diameter (15 μm) while taro had the smallest
(2 μm). Results obtained for canna, taro, sweet potato,
konjac were in agreement with previous studies (Liu et al.
2006; Santacruz et al. 2003; Mbofung et al. 2006; Gelencser
et al. 2008). However, the mean diameter for arrowroot and
yam starch was lower than previously reported (Gelencser et
al. 2008). As expected, further purification of flour samples
eliminated the presence of other components such as lipids
and proteins. Thus, purification resulted in starches with
more homogenous granular-size distribution (Fig. 1b).
Arrowroot starch was the most homogenous whereas taro
starch was the least homogenous. In general, there were two
types of distribution patterns in the starch samples. Canna
and arrowroot starches showed a unimodal distribution
whereas taro, yam, sweet potato, konjac and cassava
showed a bimodal pattern.

The size of starch granule is important in determining the
suitability of starch for certain food applications (Freitas et
al. 2004; Leon et al. 2006). In this study, taro starch, which
has a small particle size, could be used for several food
products especially those requiring a smooth texture
(Freitas et al. 2004). In snack food production, the fine
granule of taro starch could improve binding and reduce
breakage of the final product (Leon et al. 2006). The fine
particle size of taro starch might allow a better light reflec-
tion on the porous structure of bread yielding white bread-
crumbs that is preferred by the consumer.

Swelling power

In general, there were two patterns of swollen granules of the
flour samples shown during heating from 50 to 90 °C
(Fig. 1a). The first group consisted of yam, taro and cassava.
Their granules started to swell at ~60 °C, then, the swelling
power increased steadily with temperature from 70 to 90 °C.
The swelling powers of these flours were not significantly
different throughout this temperature range and at 90 °C
granules maintained their integrity. The second group consists
of sweet potato, canna, konjac and arrowroot. Besides canna,
granules of these flours start to swell sharply at ~70 °C and
reach their maximum swelling power at 80 °C. In contrast to
the first group, further heating to 90 °C caused these granules
to lose their integrity. Overall, swelling power of flours within
the second group was high, which may be due to the extensive

and strong intermolecular bonding within the granules of
flours in the first group (Tester and Morrison 1990).

The amount of other components such as amylose, pro-
tein, lipids, amylopectin, phosphorous, and particle size may
influence the swelling pattern (Thitipraphunkul et al. 2003;
Fu 2008). Amylose could reinforce the internal network and
restrict the swelling ability (Snow and O’Dea 1981).
Proteins may lower the swelling power by being embedded
in the starch granules forming a stiff matrix that limits the
access of water into the starch granule. Despite of their
reducing effects on swelling power as mentioned above,
protein and amylose contents showed a positive but weak
correlation with swelling power (r=0.109 and r=0.498,
respectively).

Among the starch samples, canna showed the highest
swelling power (Fig. 1b). Sweet potato and arrowroot had an
intermediate value while yam, taro and konjac had the lowest
swelling power. The high swelling power of canna starch has
been reported in other studies (Taggart 2004). It was proposed
that the high phosphorous content, the large granule size and
the high number of hydrogen bonds formed between the very
long-branch chains of amylopectin and water would contrib-
ute to the high swelling power of canna starch.

Canna starch is suitable for food applications that require
a high swelling ability. In noodle making, this starch might
be suitable for products that require a soft and smooth
texture with a high elasticity such as yellow alkaline noodle
(YAN) and Japan noodle. However, this starch is not suit-
able for Chinese wet noodles with a firm bite and springy
texture (Collado et al. 1999).

Pasting properties

Canna and sweet potato had similar peak viscosity values,
which were higher than other flours. Taro, yam, arrowroot
and konjac had similar peak viscosities while cassava had
the lowest (Table 3; Fig. 1a). Cassava flour had the lowest
peak and breakdown viscosity and was the most resistant
regarding the heat and stirring treatment. The highest set-
back viscosity was observed in yam and canna flour indi-
cating the high retrogradation tendency of these flours
(Mbofung et al. 2006; Tester and Morrison 1990). Overall
viscosity of canna starch was the highest amongst our sam-
ples. The viscosity of canna starch was even higher than that
of its respective flour. The presence of other components
such as lipids and protein, which interfere with the pasting
process, and the lower amount of starch in the flour, are
behind reported differences. This trend was not observed for
the other starch samples that had lower viscosities than their
respective flour.

Swelling power and amylose content appeared to be the
major factors affecting pasting properties of flour and starch
samples. A significant positive correlation was observed
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between swelling power and peak (r=0.783, p≤0.05), break-
down (r=0.815), and final viscosities (r=0.785). Similarly,
amylose content was also significantly positively correlated
with peak viscosity, breakdown, and final viscosity (r=0.817,
0.788, and 0.820, respectively). Swelling power and amylose
content could influence some of the pasting properties of
starch, since the pasting process itself involves granular swell-
ing, leaching out of amylose, and disruption of granules
during heating (Thitipraphunkul et al. 2003).

In general, the viscosity of samples obtained was
substantially lower than what it has been reported else-
where (Gelencser et al. 2008; Martin and Fitzgerald
2002). Activity of α-amylase could be a cause of this
drastic viscosity reduction (Srichuwong et al. 2005a, b).
Another factor that might have contributed to the lower
viscosities in this study was the effect of storage time.
Increasing disulphide-bond formation in protein networks
that occurs during starch aging could lower the pasting
viscosity of starch (Muyonga et al. 2001).

All flours and starches examined in this study have lower
viscosity (peak, breakdown, setback and final viscosities)
compared to that of wheat flour (Mbofung et al. 2006). The
low viscosity of the flour and starches is beneficial for some
food applications including confectionary (soft candy and
gum drops), weaning foods, and other liquid foods (Snow
and O’Dea 1981; Hoover 2001). In addition, low-viscosity
flours and starches can be used to avoid the use of chemi-
cally modified starch, which was introduced to produce low-
viscosity oxidized starch and thin boiling starch (Cornell
2004). The low setback value of these samples indicates

their low retrogradation tendency and is important for frozen
or cold storage foods. Low breakdown viscosity of these
samples, as compared to that of wheat flour, reflected the
stability of these materials toward heat and mechanical
processing. This property is crucial for food production that
involves heat and mechanical treatment in canned foods
(Snow and O’Dea 1981).

Thermal properties

Thermal properties of the flour and starch samples are pre-
sented in Table 4. The onset and peak temperature of gelati-
nisation of konjac starch were the highest among the six
starches, which indicated high crystallite stability. The per-
fectness of konjac starch was also reflected in the high ΔH
(gelatinisation enthalpy) value. A number of factors may
influence gelatinisation temperature, including the molecular
architecture of amylopectin, the formation of lipid complexes,
degrees of crystallinity, and the proportion of crystalline
regions. In the current study, protein content had a negative
correlation with gelatinization temperature (r=−0.025, −0.061
and −0.061 for To, Tp, and Tc, respectively). Similar correla-
tion between amylopectin content and To, Tp, and Tc was also
observed (r=−0.025, −0.061 and −0.061, respectively). This
could be due to a decrease in amylopectin crystallinity caused
by cleavage of the long-branch chain of the polysaccharide
into short-straight chains (Radley 1976). This would require
less energy to initiate gelatinisation and consequently a lower
gelatinization temperature was observed (Hoover and
Ratnayake 2005).

Table 4 Thermal properties of
flours and starches extracted
from taro, yam, sweet potato,
canna, arrowroot, konjac and
cassava

n=3. Values followed by the
same superscript in each column
are not significantly different (p
<0.05). To, Tp, and Tc indicate
temperature of onset, midpoint
and end of gelatinisation, re-
spectively. ΔH indicates enthal-
py of gelatinisation (J/g dry
starch)

Source Gelatinisation characteristics

To (°C) Tp (°C) Tc (°C) ΔH (J/g)

Flours

Taro 51.0±1.51b 51.8±2.53a 55.8±0.93b 2.8±0.51a

Yam 62.0±1.72b 73.9±0.94b 81.8±1.12a 7.4±0.82b

Sweet potato 71.2±1.62b 77.3±1.7b 82.8±1.32b 4.1±0.71b

Canna 66.9±1.23b 70.5±1.21a 79.4±1.61b 4.7±0.9b

Arrowroot 69.6±1.41b 74.8±1.51b 80.9±1.21b 2.9±0.61a

Konjac 73.9±1.52b 81.2±1.30b 89.6±1.83a 1.8±1.12b

Cassava 64.9±1.81a 71.4±1.90b 76.5±1.40a 2.2±1.23b

Starch

Taro 69.7±2.13b 75.4±2.52a 80.2±1.91b 7.6±1.52a

Yam 61.4±1.86b 69.4±1.73b 76.6±1.51b 7.7±0.72b

Sweet potato 62.9±1.76b 73.5±1.52a 80.5±1.72b 11.3±0.83b

Canna 64.1±1.62b 69.8±1.41b 77.5±1.42a 11.4±1.11a

Arrowroot 65.0±1.40b 72.5±1.22b 84.0±1.13b 11.7±0.90b

Konjac 71.1±2.01b 77.7±1.10a 82.6±1.91b 11.1±0.70a

Cassava 61.1±1.73b 68.2±1.43b 74.2±2.00a 8.1±0.62b
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Overall, the gelatinisation temperature and ΔH of the
starch samples was lower than previously reported (Liu et
al. 2006; Craig et al. 1989; Gelencser et al. 2008).
Differences in genetic, environmental factors, time of har-
vest, and seasonal variations might cause this discrepancy.
The lower gelatinization temperatures of flour and starch
samples could bring benefits in some foods containing
ingredients that are heat-labile at high temperature. Flours
and starches with lower gelatinisation temperature could be
applied in food processing that involves low temperature
such as batter coating or processed meat products. Low
gelatinisation temperature allows easier cooking and the
efficiency of food processing could be increased by
reducing the time and heat during cooking (Snow and
O’Dea 1981).

Paste clarity

Paste clarity of the flour and starch samples is presented in
Fig. 1a and b. Cassava had the highest paste clarity compared
to the other flours. In addition, the clarity of cassava paste was
stable during storage at cold temperatures. The high clarity
and stability of cassava paste might be due to its low amount
of amylose. Also, the retrogradation of amylose may cause
rapid opacification, aggregation and phase separation, which
in turn decreases paste clarity (Craig et al. 1989; Achille et al.
2007). Other factors that influence paste clarity are phosphate,
protein and lipid content (Craig et al. 1989).

Upon starch extraction, paste clarity of all starches in-
creased, as compared to their respective flours (Fig. 1b).
Cassava and yam starch were the clearest, whereas konjac
starch was the most opaque paste. Canna, yam and konjac
were the least stable during cooling storage. This might be
due to their relatively high amylose content compared to the
other starches. Based on their paste clarity, cassava and yam
could be used for food applications that require paste clarity
such as fruit fillings and jellies. Konjac flour and starch that
forms an opaque pasta might be used for puddings, sauces,
gravies, dressings and mayonnaise (Craig et al. 1989).

Conclusions

Flours and starches extracted from tubers and roots collected
from Indonesia exhibit differences in their physicochemical
properties. The relatively high starch content of these flours
and starches makes them potential alternative sources of car-
bohydrate. Low digestibility of canna and konjac flour offers
health benefits with potential applications in the prevention of
obesity, hypertension and other related diseases. High digest-
ibility of the remaining flours and starches could find use in
the diets of the elderly and young children. These high-
resistant starches are promising for textural benefits in low-

water systems, especially if this property is combined with
low-viscosity product applications such as soft candy, wean-
ing foods and others liquid preparations. The low retrograda-
tion of flours and starches examined in this study compared to
that of wheat flour is important in frozen and cold-storage
food products. Depending on system, high clarity pastes can
be produced that find application in fruit filling, candy, and
Turkish delight, whereas flour and starches that produce
opaque paste could be used for salad dressings, sauces,
mayonnaises and puddings. Given the functional versatility
of the materials examined presently, direct technologically
based research is required in the future to establish tuber and
root starches as a wheat-flour substitute in composite materials
with added value applications.
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