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Abstract. Physico-chemical and pasting properties of high-amylose rice flour (Bg 360) and low-
amylose rice flour (At 405) were tested in this study. A modified visco-amylograph method was used
to test the pasting behavior of rice flours. Amylose content, damaged starch, swelling power, water
absorption capacity and sedimentation volume showed a significant difference between the two rice
flours. The At 405 rice flour contained significantly higher damage starch content (%), swelling power
(g/g), water absorption capacity (%) and low crude fat content (%) compare to Bg 360. The amylose
content of rice flour showed a strong but negative correlation with damaged starch, swelling power
and water absorption capacity of rice flour. Damaged starch showed a significant positive correlation
with swelling power and water absorption capacity. Despite the breakdown of the viscosity (mPa s)
did not show significant differences, setback viscosity, pasting temperature and time of high-amylose
flour showed significantly higher values than low-amylose flour.
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1 Introduction

Rice (Oryza sativa L.) is the most important staple food in Asia and its flour is a good substitute for
wheat flour. In Sri Lanka, rice flour is used to make many household food products for all three meals.
Wheat flour causes irritation in the digestive tract of those who are suffering from gluten-intolerant. On
the other hand, Sri Lanka totally depends on the imported wheat flour for bakery products. Rice flour
can be successfully incorporated into the bread, noodles, cakes, biscuits and other bakery products [1, 2,
3] as an alternative to the wheat flour due to its pasting nature. It is also used as a thickening agent in
recipes that are refrigerated or frozen since it inhibits liquid separation from solid dough.

Starch is composed of essentially linear amylose and highly branched amylopectin polymers. Amylose
has an ability to form a firm gel during the gelatinization process and prone to retrogradation during
storage, whereas amylopectin shows low syneresis and high resistance to starch retrogradation. The
amylose content of the rice starch varies among the different rice cultivars. Based on the amylose:
amylopectin ratio rice varieties can be classified based on their amylose content such as waxy rice (1-2%
amylose), very low amylose rice (2- 12% amylose), low amylose rice (12-20% amylose), intermediate
amylose rice (20-25% amylose) and high amylose rice (25-33% amylose) [4]. A high-amylose rice grains
increases their volume and become flakiness during cooking, but become harder upon cooling. In
contrast to that low-amylose rice grains are kept in moist and sticky conditions after cooking [5].

Although Sri Lanka has developed many improved rice varieties named as Bg (43 varieties), Bw
(~16 varieties), Ld (~8 varieties) and At (~17 varieties), about 99% of them can be classified as high-
intermediate amylose rice. According to the available data, only At 405 can be classified as
commercialized low-amylose rice variety [6, 7, 8]. The amylose content of the rice starch directly affects
the cooking and sensory properties of rice [7, 9]. It is a well-known fact that other physico-chemical and
functional properties are also changed with the amylose content of rice [8, 10, 11]. On the other hand,
amylose/amylopectin ratio, a fine structure of amylopectin, a chain length of amylose, and their
crystalline nature greatly affects the physico-chemical and functional properties of rice starches, such as
pasting properties, gelatinization and retrogradation [5]. Rheological characteristics of starch in rice flour
determine their application as a raw material for food industrial application. Rice varieties with higher
amylose content are more prone to leaching out solids into the cooking water during cooking as starch
from the damaged starch granules [4, 12]. Therefore, structure and composition of amylose and
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amylopectin caused greater influence on the physico-chemical and functional properties of rice
flour /starches during food processing [13].

Sri Lanka has many traditional and improved rice cultivars since long but, we exactly do not know
the suitability of those rice flour for production of rice base product-development such as biscuits,
noodles and confectionery products etc. The main reason is that, although we have a quite high number
of improved high-amylose rice varieties, we have only two low-amylose rice varietal cultivars to produce
rice flour. According to our previous experience, low-amylose rice flour types are suitable for industrial
application than high-amylose rice flour. Therefore, the objective of this study was to evaluate the
diversity of the physico-chemical, and pasting properties of two indica cultivars having low and high
amylose rice varieties grown in Sri Lanka.

2 Materials and Methods

2.1 Sample Preparation

Raw rice samples of Bg 360 (high-amylose) and At 405 (low-amylose) were collected from the
Ambalanthota, Rice Research Institute, Sri Lanka. Rice samples were de-husked using a laboratory de-
husker (Model P-1, NgekSengHuat, Thailand) and then polished by using a laboratory rice polisher
(Model K-1, NgekSengHuat, Thailand). Milled rice samples were ground into flour using pin mill (Alpine,
Augsburg, Germany). Flour samples were packed in an airtight high-density polypropylene bag and
stored in a refrigerated (4 °C) until its further use for analysis.

2.2 Flour Composition

Crude protein and crude fat contents of rice samples were determined according to AACC [14] standard
methods. The amylose content of the rice flour was measured by iodine colorimetric method [4]. The
absorbance was measured using a UV-visible spectrometer (Shimadzu, UV-1601, Japan) at 620 nm. The
Amylose content was determined by standard amylose curve prepared using analytical grade potato
amylase starch (Sigma-Aldrich, UK).

2.3 Damaged Starch

Damaged starch was measured according to the procedure described by Dermott [15] with some
modifications. About 0.5 g flour was weighed into a 100 ml conical flask and 10 ml of 1.67% Trichloro
acetic acid and 10 ml of 5.0% Potassium thiocyanate was added into the flask. The sample was
extracted for 15 minutes by manually shaking in every 3 min intervals. The suspension was first
filtrated and then 2 ml of starch solution was pipetted into a 25 ml volumetric flask containing 15 ml of
distilled water. After adding one milliliter iodine solution, the mixture was made up to the volume with
distilled water and left for 10 minutes. Finally the absorbance was measured at 600 nm using an UV-
VIS spectrophotometer (UV 1601, Shimadzu, Japan). Then the damaged starch was calculated by the
difference between the total amylose content and the measured amylose content in the sample.

2.4 Swelling Power

Swelling power was determined following the method described by Leach et al. [16]. One gram of the
sample was mixed with 10 ml distilled water in a centrifuge tube and heated at 804+2 °C for 30 minutes.
The mixture was continually shaken during the heating period. After heating, the suspension was
centrifuged at 3000 x g for 15 min. The supernatant was decanted and weight of the paste taken.
Swelling power was calculated based on the wet basis using equation 1.

Swelling power (g/g) = :_(1) (1)

where:
m, = Initial weight of sample (g)
m, = Sediment weight after centrifuge (g)
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2.5 Water Absorption

Water absorption capacity was measured according to the procedure described by Beuchat [17]. One
gram sample was weighed into 25 ml graduated centrifuge tube and then added about 10 ml water. The
suspension was allowed to stand at room temperature of 28 °C for one hour. The suspension was
centrifuged (Himac CT 4D, Japan) at 2000 x g for 30 min. Water absorption capacity was calculated
based on the wet basis using following equation 2.

Water absorption capacity (w.b %) =

m;—mgy

X 100 (2)

Mo
where:
m, = Initial weight of sample (g)
m,; = Sediment weight after centrifuge (g)

2.6 Sedimentation

The degree of sedimentation of flour suspended in a lactic acid solution during a standard time interval
was measured as sediment volume [18]. Rice flour sample of 5 g and 50 ml of 0.2% lactic acid were
added into a 100 ml graduated cylinder. The cylinder was shaken by hand for about 10 s and then 50 ml
of lactic acid solution was added into the suspension. The cylinder was inverted five times and placed in
a 35 °C water bath. Readings of the sediment volume were taken at 5, 30 and 60 min intervals.

2.7 Particle Size

Particle size distribution was analyzed using the series of standard sieves (ISO 3310-1, USA). The sieves
were stacked in descending order of aperture 200 pm, 150 um, 100 pm and 40 pm in size. Rice flour
sample of 200 g was placed on top of the larger aperture size sieve and manually shaken for 30 min.
Weight of the sample retained on each sieve was recorded at the end of the sieving.

2.8 Pasting Behaviour

The pasting behavior of high and low amylose rice flours was tested using an alternative method to
visco-amylograph technique reported by Steffe et al. [19] and IST [20]. The method was slightly modified
prior to the experiment. According to the visco-amylogrph pattern of 8% (wt/wt) potato starch slurry
(Sigma-Aldrich, Germany), the alternative method was further standardized using literature data of
peak viscosity, pasting temperature and time to reach a peak viscosity [21].

According to the alternative method, the coaxial viscometer method was used to measure the
viscosity of the heated slurry of rice flour samples. Rice flour sample of 7.4 g was suspended in 92.6 ml
of distilled water to prepare 8% (wt/wt) flour slurry in a 100 ml beaker. The rice flour slurry was heated
to 95 °C at a constant rate of 1.14+0.1 °C/min using a water bath (Memmert-WNB 14, Germany) while
continuous stirring the suspension. The sample was kept at 954+0.2 °C for 20 min, and then the
temperature was being gradually fallen to 50 °C within 15 min under the running tap water. The
viscosity of the sample was measured using coaxial viscometer (Brookfield Model-DVE, USA) at 60 rpm
speed. During the test, the temperature of the flour slurry and the water bath was recorded every 5 min
and 1 min intervals, respectively. A T-type thermocouples and data logger (TC08-PicoTech, UK) was
used to record the temperature during the viscosity measurement. The viscosity properties of two rice
flour pastes were studied based on the peak viscosity (maximum viscosity between the heating and
holding cycles), through viscosity (minimum viscosity after peak/ hot paste viscosity) and final viscosity
(viscosity of the paste after cooling). For comparison, following viscosity values (equations 3, 4 and 5)
were also derived from the above viscosity values. All values were recorded in millipascal per second
(mPa s) and obtained from the time-temperature-viscosity graphs. Pasting temperature (°C), peak
viscosity temperature (°C) and peak viscosity time (min) were also recorded. The measurements were
obtained in triplicate.

Breakdown viscosity (mPa s) = peak viscosity - through viscosity (3)
Setback viscosity (mPa s) = final viscosity - peak viscosity (4)
Consistency (mPa s) = final viscosity - through viscosity (5)
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2.9 Statistical Analysis

Values were recorded as meantstandard deviation (SD) of triplicate determinations. Data were
analyzed by simple t-test. The Pearson’s correlation coefficient was used to study correlations between
all the tested parameters of rice samples at P<0.05. All statistical data were analyzed using SAS version
6.

3 Results

3.1 Flour Composition

The damaged starch content (%), swelling power (g/g), water absorption capacity (%), amylose content
(%), crude protein (%) and crude fat (%) of high and low-amylose rice varieties are presented in Table 1.
Amylose and crude fat contents of Bg 360 rice flour were significantly higher (P<0.05) than the amylose
and fat contents of At 405 rice flour. Rice varieties of Bg 360 and At 405 showed amylose contents of
31.14£0.3% and 14.54+0.2% respectively. The crude fat content of the At 405 rice flour sample was
significantly lower (P<0.05) than that of the Bg 360 rice flour. Approximately 44% higher crude fat was
contained in the Bg 360 than that in the At 405 low-amylose rice. Although the cured protein content
did not show any significant differences (P>0.05) between two rice flour, At 405 has slightly higher
crude protein content than Bg 360.

3.2 Damaged Starch

The damaged starch content of Bg 360 was significantly lower (P<0.05) than the damage starch content
of At 405 rice flour. According to the results (Table 1), the damaged starch content of At 405 rice flours
was recorded as 1.6 times higher than the damaged starch content of Bg 360. The damaged starch
content of Bg 360 and At 405 rice flours was 2.6440.18% and 4.17+0.61%, respectively.

Table 1. Physico-chemical properties of high and low amylose rice flour types

Physico-chemical properties (+£SD)

Rice flour Damaged Swelling power ~ Water absorption — Amylose Crude Crude fat
starch (%) (g/g) capacity (%) content (%) protein (%) (%)

Bg 360 2.6+0.2% 6.340.1% 196.84+2.5* 31.1+0.3* 7.8£0.2 2.540.1%

At 405 4.240.6 7.1+0.1 248.5+4.2 14.5+0.2 8.4+0.4 1.4+0.4

*Mean + SD value within the same column are significantly different at (P<0.05)

3.3 Swelling Power

There was a slight but significant difference (P<0.05) between swelling power between both rice flour
(Table 1). Swelling power of low-amylose At 405 rice flour was higher than that of the swelling power of
high-amylose Bg 360 rice flour.

3.4 Water Absorption and Sedimentation

There was a significant difference (P<0.05) in the water absorption capacity of two rice flours. Water
absorption capacity of the At 405 flour was approximately 25% higher than the Bg 360 flour sample.
Volume of sedimentation decreases with time for both high amylose and low amylose rice flour (Figure
1). Sedimentation volume of At 405 rice flour at any equal time was significantly higher (P<0.05) by
about 16% than the sedimentation volume of Bg 360 rice flour. However, sedimentation volume
decreased linearly (Bg 360: y = -0.07 x + 28.1, r*= 0.99; At 405: y = -0.07 x + 24.5, r*= 0.97) with
time of both rice flour.
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Figure 1. Sedimentation volume of At 405 and Bg 360 rice flour samples at equal time interval

3.5 Particle Size

Particle size of the two rice flour samples ranged between 40-200 pm with an average of 40-100 pm
(Figure 2). There was a significant difference (P<0.05) in the particle distribution of two rice flour
samples. The Bg 360 rice flour has a higher percentage of particle size than At 405 rice flour. Small
amount of Bg 360 rice flour remains in the sieve of larger aperture size sieve than At 405 rice flour. The
fine particle < 40 pm was significantly higher (P<0.05) in Bg 360 rice flour than At 405 rice flour.
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Figure 2. Particle size distribution of Bg 360 and At 405 rice flour samples

3.6 Pearson’s Correlation Coefficients

Correlation coefficients (r) of physico-chemical parameters between two tested rice varieties are shown
in Table 2. This study found that amylose content was negatively correlated with damage starch (r = -
0.91; P<0.05), swelling power (r = -0.96; P<0.05) and water absorption capacity (r = -0.99; P<0.01)
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contents, indicating that the amylose content was directly affected by the damage starch content,
swelling power and water absorption capacity of the rice flour. The amount of damage starch content
(%) was highly correlated to their swelling power and water absorption capacity. It was shown by the
Pearson’s correlation coefficient values of r = 0.94 (P<0.05) and r = 0.91 (P<0.05) respectively. A
higher positive correlation (r = 0.98; P<0.01) was found between swelling power and water absorption
capacity.

Table 2. Pearson’s correlation coefficient between physico-chemical characteristics of rice flour

Amylose Damaged Swelling Water absorption
content (%)  starch (%)  power (g/g) capacity (%)
Amylose content (%) 1
Damaged starch (%) -0.91" 1
Swelling power (g/g) -0.96" 0.94° 1
Water absorption capacity (%)  -0.99” 0.91" 0.98" 1

“Correlation between the parameters are significantly different (P<0.05)
“Correlation between the parameters are significantly different (P<0.01)

3.7 Pasting Behaviour

The pasting properties of Bg 360 and At 405 rice flour samples were shown in time-temperature-
viscosity graphs data (Figure 3). Important viscosity values, time and temperature data were directly
obtained from the graphs and the pasting property values were calculated more or less similar to the
visco-amylograph data [20]. All rice flour samples showed gradual increased in their viscosity with
increasing the temperature. There was significant difference (P<0.05) of pasting properties such as peak
viscosity, through viscosity, final viscosity, setback viscosity, pasting temperature and pasting time
(Table 3) between high-amylose and low-amylose rice flour samples.

Table 3. Rice flour pasting properties of high and low amylose rice varieties

Property Bg 360 rice flour At 405 rice flour
(Mean + SD) (Mean + SD)

Peak viscosity (mPa s) 6660+£275" 7400+£329"

Through viscosity (mPa s) 1116.7+126* 2083.34-29"

Final viscosity (mPa s) 88504600 7233.34:208"

Breakdown viscosity (mPa s) 5543.3 5316.7

Setback viscosity (mPa s) 2190 -166

Pasting temperature (°C) 67.1+0.3" 63.440.4"

Pasting time (min) 30£1* 25+2"

*Values with same superscript within a raw are not significantly different (p>0.05)

The At 405 rice flour showed significantly higher (P<0.05) peak viscosity (7400 mPa s) and through
viscosity (2083.3 mPa s) compared to the Bg 360 rice flour. The high-amylose Bg 360 flour sample
showed the highest final viscosity, setback value, and pasting temperature of 8850 mP s, 2190 mP s and
67.1 °C, respectively. However, At 405 flour sample showed the lowest setback viscosity values of -166
mPa s and 25 min of pasting time compared to the Bg 360 rice flour sample.
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Figure 3. Viscosity behavior (mean + SD) of 8% (wt/wt) rice flour slurry obtained from low-amylose and high-
amylose rice.

4 Discussion

The amount of amylose present in the starch granules affects the functional characteristics and physico-
chemical properties of starch. Despite of the amylose content can vary within the same cultivar within
the same year and site of cultivation [22], it was more or less constant within the rice particular variety.
According to the study of Darandakumbura et al. [6] amylose content of Bg 360 was 31.9+0.8% and
amylose content of At 405 was 14.941.3%. Wickramasinghe and Noda [23] and Somaratne et al. [24]
have also reported the more or less similar amylose content of At 405 rice flour as 16.0% and 14.8%
respectively. According to Fari et al. [25], amylose content of these two rice varieties was similar to the
value of our study. Therefore, Bg 360 and At 405 paddy varieties can be categorized as high-amylose
and low-amylose rice [4]. Crude fat and protein contents also recorded in similar levels to the previous
studies of two rice varieties.

Dry milling shows the highest percentage of damaged starch compared to wet milling [26] of flour due
to lack of moisture remain in the rice kernels. Although both rice varieties were dry milled, damaged
starch content high in low-amylose rice flour sample than high-amylose rice flour samples of At 405 and
Bg 360 respectively. Williams et al. [27] reported that the extent of damage was directly proportional to
the hardness of the kernel and the particle size of flour. According to Bettge et al. [28] resistant to
mechanical damage of low-amylose rice flour was much lower than high-amylose rice flour. The results
of this study also confirmed that At 405 was prone to more structural damage during milling due to its
basmati characteristics. According to the grain size and shape, Bg 360 and At 405 were categorized as
short-bold and extra along-slender type grains respectively [8]. Low-amylose rice flour of At 405 may
cause less resistance to shear force and a simultaneous increase in the starch damage during the dry
milling. This could be due to the less hydrogen bonding between amylose molecules in the low-amylose
starch granule. Although both rice varieties undergo similar milling method, cumulative particle size
distribution of Bg 360 rice flour was higher than the particle size distribution of At 405 rice flour sample.
This may have related to the size difference of starch granules exist in the two rice varieties. It has been
stated that the blending of rice flour with low damaged starch content with desirable amylose content
gives the best flour quality for bakery products [13]. There was a relationship between other physico-
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chemical properties and swelling power of rice flour. Swelling power showed a negative correlation with
the amylose content and positive correlation with the damaged starch. Low-amylose rice, especially with
high amount of damage starch can increase the water absorption and hence increase the swelling power
of low amylose rice flour. Rice flour with high-amylose and low damage starch content absorbs less
water due to close intact of amylose chains with starch granules. A higher positive correlation was found
between swelling power and water absorption capacity indicates that both related to the structural
differences between amylose and amylopectin molecules. Swelling power of starch depends on the
capacity of starch molecules to form hydrogen bonding with water. Food eating quality is often
connected to the retention of water in swollen starch granules, which is called as swelling power [29].
During heating, starch granules gradually swell, lose their native birefringence and loss crystalline order,
but eventually form a starch paste [30]. Heat treatment of cereal starches gives rise to two stages of
swelling and solubilization [31]. Starch granules are damaged and solubilized during heating. Amylose
appears in the center of the granules, during the first stage of swelling [32]. But, with further increases
of temperature and application of shear forces, amylose leaks out from the starch granules. The outer
most amylopectin layer was fragmented and dispersed in the amylose phase [32]. However, swelling
capacity decreases with the increase of amylose content, because of its long and linear polymer chain.
Sedimentation capacity indirectly related to the gel-strength of the flour. The volume of sedimentation
decreases with time of both high-amylose and low-amylose rice flour sample. Akatsu [18] stated that
sedimentation volumes can either increase or decrease with time relative to the dough stability of the
flour. Hence, it may be due to the low dough stability of rice flour volume of sedimentation decreases.
Nevertheless, comparatively higher sedimentation volume was observed in the At 405 rice flour
compared to Bg 360 rice flour sample. According to Kruger and Hatcher [33] sedimentation test results
were influenced by the flour extraction rate, flour milling time and the type of flour milling. The results
of this study showed that different level of flour extraction rate (particle size) under the same milling
method. Therefore, higher sedimentation capacity may be related to the high protein content of At 405
and the formation of high gel-strength.

Pasting curves are one of the most useful techniques to evaluate the behavior of different types of rice
starch. The pasting-behavior of both flour samples was in good agreement with the standard method of
flour testing. The findings of this study showed that flour with high-amylose rice has high pasting
temperature and low peak viscosity. However, the peak viscosity behavior of At 405 rice flour was
comparatively higher than the Bg 360 flour. According to these findings, Bg 360 rice flour consists of
more amylose but may have fewer long chains of amylopectin. That would lead to a reduction of
swelling power and acquired low starch viscosity. Basically, the starch retrogradation relatively
controlled the increase in paste viscosity, whereas shear and rupturing of swollen starch granules
regulated by breakdown viscosity. Setback viscosity implies the degree of retrogradation. Therefore, At
405 rice flour has considerably low retrogradation due to very low setback viscosity, low breakdown
viscosity and pasting temperature compare to Bg 360 rice flour sample. Luh and Liu [34] reported that
rice starch with high-amylose content has relatively low peak viscosity and form rigid gels on cooling
while those starches with low-amylose have high peak and low setback viscosities. Varavinit et al. [35]
found that the gelatinization temperatures of Thai rice starch were positively correlated with amylose
content and low-amylose starch showed a low degree of retrogradation. Fitzgerald et al. [36] reported an
increase peak viscosity of low lipid content rice flour. This may apply to the low-amylose At 405 rice
flour where it has low crude fat and therefore showed very low setback viscosity. In contrast to our
results, previous studies have reported that the protein contents of rice grain are negatively correlated
with peak and breakdown viscosity but positively correlated with setback values [37]. The results of this
study showed that At 405 has a slightly higher protein content, low-fat content, low setback viscosity
but high pasting peak viscosity. Therefore, low-amylose rice flour has the great potential to use in the
food industry application compares to the use of high-amylose rice flour.

5 Conclusions
In the present study, we studied the differences between high-amylose and low-amylose rice varieties in

the physico-chemical properties of rice flour. The damaged starch content, swelling power, water
absorption capacity and sedimentation capacity of low-amylose rice cultivars were higher to those of
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high-amylose rice. Viscosity-time-temperature characteristics data also showed remarkable differences in
rice flour starch pasting properties between high-amylose and low-amylose rice varieties. Our
experimental results provide some useful information for the local food industry making use of low-
amylose rice varieties.
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