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The objective of this study was to investigate the effects of high-temperature drying in a range
of 100-150 oC using fluidization technique on quality changes of ‘Kum Doi Saket’ indigenous
purple rice variety in Thailand. Experimental results revealed that using high temperature
process reduced free fatty acid content (FFA) in kernel without any effects on kernel colour,
anthocyanins and antioxidant content. A higher process temperature resulted in a better quality
of brown rice in terms of FFA. Moreover, it was found that the antioxidant activity of purple
rice subjected to various drying conditions and tested by 2,2-diphenyl-1-picrylhydrazyl radical
assay (DPPH) technique showed no significant difference with the reference purple rice. As
for FFA level, it significantly decreased when the samples were dried at temperatures of 130
and 150 oC. The present study found that within the range of parameters studied, the purple
rice harvested at 28.3% (d.b.) moisture content of dried at 150 oC for 1.5 minutes was of the
best quality. This drying temperature did not affect the anthocyanin content nor the antioxidant
activity of purple rice and had the highest drying rate.
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Introduction
Purple rice is characterised by high antioxidant
activity due to the presence of bran. The colour
characteristic of the bran is red or purple due to the
presence of several anthocyanins (Abdel-Aal et al.,
2006; Jang and Xu, 2009; Yodmanee et al., 2011;
Min et al., 2012). The significant characteristic of
anthocyanins is their antioxidant activity which is
a desirable aspect for consumer who is interested in
health. Many studies reported about usefulness of
anthocyanins that can inhibit cancer cells of internal
organs in humans such as lungs, stomach and colon
(Kang et al., 2003; Chen et al., 2006a; Chen et al.,
2006b; Netzel et al., 2007; Wang and Stoner, 2008;
Yun et al., 2010; Huang et al., 2011).
After harvesting, rice generally requires in order
to ensure its safe storage. Drying in a fluidized bed
dryer at high-temperature is one of possible methods
that could effectively be used to dry purple rice. In a
*Corresponding author.
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fluidized bed dryer, the solid particles are behaving
like a fluid and vigorously mix with the drying
medium (air) at high temperatures. As a result, the
drying time is shortened due to intensive heat and
mass transfer (Mujumdar and Devahastin, 2003).
In addition, Jaisut et al. (2009) reported that lipase
and unsaturated free fatty acid were inactivated and
degraded in dried brown rice by high temperature
air during fluidization. As a result, the rate of lipid
oxidation slowed down and free fatty acid content
was reduced resulting in a significant reduction
in rancidity and hence extension of the shelf-life
of brown rice. Although drying by fluidization
technique has many advantages as mentioned earlier,
using a thermal process might affect colour, produce
degradation of anthocyanins and reduce antioxidant
activity of the samples (Yang et al., 2008; Avila et al.,
2012; Chaovanalikit et al., 2012; Hou et al., 2013;
Kara and Erçelebi, 2013; Nurhuda et al., 2013; Rabeta
and Vithyia, 2013; Sengkhamparn et al., 2013)
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Until now, the effects of high-temperature
drying using fluidization technique on quality
changes of brown purple rice have not been reported
and thus this research is needed. The objective of
this work is therefore to investigate the effects of
drying temperature on the drying kinetics and key
quality attributes of brown purple rice. The quality
parameters were the colour, anthocyanin content,
antioxidant activity and free fatty acid content.
Materials and Methods
Materials
Purple rice ‘Kum Doi Saket’ variety that
was obtained from the Plant Science and Natural
Resources Department, Faculty of Agriculture,
Chiang Mai University, Thailand in 2013 was used in
this study. The paddy sample was rewetted from the
initial moisture content of 13-15% (d.b.) at the time
of harvest to the moisture content of 28.3% (d.b.) by
spraying water and kept in cold store at 4-6 oC for
a week. Before starting the experiment, sample was
taken out from the cool storage and left for a given
period of time in the laboratory in order to allow the
grain temperature to reach the ambient temperature.
Experimental set-up
A fluidized bed drying system consisted of a 12
kW electrical heater controlled by a PID controller
with an accuracy of ±1 oC, a cylindrical drying
chamber with diameter of 20 cm and a backwardcurved blade centrifugal blower driven by a 1.5 kW
motor.
Dried sample preparation
Rewetted paddy sample (2 kg) was dried in a
fluidized bed dryer at temperatures of 100-150 oC
(HA) with a bed depth of 0.1 m and at a superficial
air velocity of 3.0 m/s. The exhaust air was recycled
to the tune of 78%. During the drying operation,
samples were taken out from the drying chamber
at 22.0% (d.b.) and tempered in a closed jar for 30
minutes to relax the moisture-induced stresses which
occurred during drying. Finally, the dried sample
was ventilated with ambient air for 30 min until the
sample moisture content reached 13-15% (d.b.).
Colour determination
CIELAB parameters were used for measuring
brown rice samples (3 replicates) using a colorimeter
(Minolta model CR 400, Japan). The results are
expressed as lightness (L*), red (a*), blue (b*), and
hue angle values.

Extraction of brown rice samples
Brown rice samples (10 g) were homogenized
with 99.9% methanol and then incubated under
constant stirring for 2 h. After that, the samples were
filtered through Whatman paper No. 1. The methanol
extract was collected in plastic vials for analysis
of total phenolics, total anthocyanin content, and
antioxidant activity.
Total anthocyanin content
Total anthocyanin content in the methanol extract
from brown rice sample was determined according
to Giusti and Wrolstad (2005). Potassium chloride
buffer (0.025 M KCl, pH 1.0) was used in this
analysis. A mixture of 900 μL of pH 1.0 and 100
μL of extracted samples was incubated for 15 min
at room temperature (25 °C) and then measured by
spectrum scanning (320-700 nm) with a UV-visible
spectrophotometer (Shimadzu model 1800, Japan).
The absorbance of the diluted sample was calculated
as shown in equation (1).
A= (A λvis-max - A 700) pH 1.0 			 (1)

Anthocyanin pigment concentration in the sample
was calculated using equation (2)
anthocyaninpigment (mg/L)=(A x MW x DFx1000)/(εx1) (2)

where cyanidin-3-glucoside molecular weight
(MW = 449.2), Dilution factor (DF), and the molar
absorptive constant (ε = 26,900) were used.
Antioxidant activity determination
Free radical-scavenging activity of extracts was
assessed using the 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH) method which was modified from
Brand-Williams et al. (1995). Twenty four milligrams
of DPPH were dissolved in 100 mL of methanol
as the stock solution. Then working solution was
prepared from the stock solution by mixing 10 mL
of stock solution with 45 mL of methanol. After
that, measurement of working solution was carried
out using a spectrophotometer at 515 nm to obtain
an absorbance of 1.1±0.02 units. Following that,
the brown rice extracts (150 µL) were made to react
with 2.85 mL of working solution for 30 min in the
dark. Then, the absorbance (Abs) at 515 nm was
recorded. The antioxidant activity of the samples was
calculated using equation (3).
% inhibition = [(Abs

control

– Abs sample)/Abs

] × 100

control

(3)

Junka et al./IFRJ 22(2): 593-597

Free fatty acid content
Free fatty acid content (FFA) of samples was
determined according to the AACC Official Method
with some modification (AACC, 1995). Ten grams
of ground brown rice were extracted with 200 mL
of petroleum ether by shaking at 100 rpm for 16
h. Extracted samples were then filtered through
Whatman paper No. 1. The samples were evaporated
at 70 °C on a hot plate. The purple rice extract was
dissolved with 50 mL of alcohol-phenolphthalein
(95% ethanol and 0.4 g of phenolphthalein). Finally,
aqueous rice sample was titrated with 0.0178 N
KOH. The titration was finished when the solution
mixture turned to a faint pink colour. The FFA
content was expressed as the percentage of oleic acid
and calculated using equation (4).
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Table 1. Colour assessment of brown rice samples from
paddy dried at different drying air temperatures

The values in each column are not significantly different at p <
0.05

Results and Discussion
Physical characteristics of brown rice
Initial moisture content of paddy after rewetting
was at 28.3% (d.b.) which was rapidly decreased
during the first 30 s of the process at all drying
temperatures (Figure 1).

Figure 1. Changes in moisture content of paddy during hot
air drying at temperatures between 100 -150 oC.

This was due to the fact that moisture content of
the paddy surface was initially high, resulting in
high drying rates when heat was transferred. The
drying rate has then decreased slowly as the drying
progressed, depending on the drying temperature.
The higher drying temperature, the higher rate of
moisture removal from paddy because of the higher
grain temperature (Figure 2).
At the end of the drying process, the grain
temperature of hot air (HA), i.e. 100, 130 and 150 oC,
dried samples at was 62, 74 and 80 oC, respectively.
A higher grain temperature accelerated the moisture
movement from inside the kernel to the external
surface at a higher rate. The highest grain temperature
for the same drying time drying air temperature of

Figure 2. Changes in grain temperature of paddy during hot
air drying at temperatures between 100 -150 oC

150oC), resulted in the highest drying rate and the
corresponding shortest drying time. The drying times
required for sample drying from initial moisture
content to desired moisture content of 22.0% (d.b.)
at drying air temperature of 100, 130 and 150oC were
1.5, 3 and 4 min, respectively.
Colour assessment
Table 1 shows surface colour of brown rice which
was produced by milling paddy dried at various
temperatures, compared to non-treated control.
Although several studies reported the effects of
thermal process on colour pigments of rice samples
(Yang et al., 2008; Kara and Erçelebi, 2013; Nurhuda
et al., 2013; Sengkhamparn et al., 2013), the results of
this study revealed that the colour represented by L*
a,* b* and hue angle of reference sample (non-treated
control) and dried samples were not significantly
different. This might be because the residence time in
the fluidized bed dryer used in the experiments was
very short and thus preserved the quality of milled
rice. Therefore, the reaction time that could trigger
the colour change of milled rice was not long enough.
An increase of the drying temperature has not affected
the colour change of purple rice after drying.
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Table 2. Anthocyanin content and antioxidant activity
of brown rice from paddy dried at different drying air
temperatures

Figure 3. Free fatty acid content (FFA) of paddy dried at
temperatures between 100 – 150 °C

Different letters over each bar indicate significant difference at
p < 0.05
The values in each column are not significantly different at p <
0.05

Changes in bioactive compounds in purple rice
Total anthocyanin content
Total anthocyanin content of kernels dried at
various temperatures is shown in Table 2. Milled
rice samples of ‘Kum Doi Saket’ dried at different
temperatures contains anthocyanins in the range of 4.34.6 mg/100 g fresh weight (FW) without significant
difference between treatments. The contents were
well correlated with the colour characteristics of
samples due to anthocyanin pigment (Yang et al.,
2008; Kara and Erçelebi, 2013).
Antioxidant activity
The antioxidant activity detected by DPPH
method was reported as percent inhibition. The
activity of all dried samples was in a range of 92.093.1% (Table 2). As expected, because anthocyanins
are the main antioxidant in purple rice the antioxidant
activity of the reference sample and in all dried
samples showed no significant difference because of
non-degraded anthocyanins.
Free fatty acid content
The free fatty acid content (FFA) of samples dried
by HA at 100 oC was not significantly different value
as compared to the reference rice because the grain
temperature at this drying air temperature might not
be high enough for inhibit enzymatic oxidation in
comparison with higher temperature (Figure 3). The
oxidation of polyunsaturated fatty acids of brown
rice had occurred in the bran of paddy samples dried
at higher temperature. The free fatty acid content
of 100 oC dried rice was higher than in the samples
subjected to other treatments. When the drying
temperature was higher than 100 oC, the FFA content
of dried samples decreased, especially at 150 oC
drying air temperature. The reducing FFA was mostly
degraded by heat in unsaturated free fatty acids (Lu

and Tan, 2009; Meera et al., 2011).The high drying
air temperature in a fluidized bed dryer reduces FFA
in rice bran by without any effect on the other quality
attributes of purple rice such as colour, anthocyanins,
and antioxidant activity.
Conclusions
The purple paddy rice harvested at a moisture
content of 28.3% (d.b.) should be dried by HA at
150oC. At this drying temperature, the FFA content
of samples was markedly reduced and the drying rate
had the highest value. Within the range of drying
temperatures studied, drying in a fluidized bed
dryer did not affect colour, anthocyanin content or
antioxidant activity of purple rice.
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