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Textural property improvement of black sticky rice during postharvest 
drying by a fluidization technique

Abstract

This research was focused on improving the textural properties of black sticky rice by using a 
starch gelatinization process on the rice during postharvest and by drying using a fluidization 
technique. The test was initiated by drying black sticky rice exhibiting a harvested moisture 
of 28.3-33.3% (d.b) at a temperature of 100-150oC until the moisture content was reduced to 
22.0% (d.b). It was found that, as a result of this procedure, the level of starch gelatinization 
increase correlated well with the initial moisture content of the paddy and with the drying 
temperature, and the texture of the rice samples tended to change with the level of gelatinization; 
in particular, with increasing gelatinization the hardness value exhibited a decreasing trend and 
the stickiness value increased linearly.

Introduction

Although sticky rice does not approach the 
levels of production of the more popular jasmine 
rice, which is planted in Thailand as an export crop, 
domestic consumers, particularly those in Northern 
and Northeastern Regions, are fond of consuming it 
as a main dish (Butso and Isvilanonda, 2010). Sticky 
rice may be consumed in two forms: as white, or 
milled, sticky rice and as brown, or non-milled, sticky 
rice. Typically, consumers typically use the steaming 
method of cooking, which gives cooked milled sticky 
rice a tender and sticky texture that is noticeably 
different from non-milled sticky rice, which has a 
hard and less sticky texture (Jaiboon et al., 2010); this 
is because the fat and wax present in the bran layer 
of non-milled sticky rice hinders water absorption 
into the rice kernel during the cooking process 
(Mohapatra and Bal, 2006; Billiris et al., 2012). For 
this reason, non-milled sticky rice is usually not the 
choice of consumers, who favor consuming cooked 
sticky rice with a tender and sticky texture. However, 
it is well known that the bran layer covering the 
grains consists of protein, fat, fiber, ash, vitamins 
and minerals (Heinemann et al., 2005; Babu et al., 
2009). Moreover, some species of sticky rice found 
in Northern Thailand, such as KUMDOISAKET 

black sticky rice, in addition to having a nutritional 
value, contain anthocyanins mixed within the bran 
layer that are potent in resisting free radicals and 
stopping cancerous cells (Chen et al., 2006; Netzel 
et al., 2007; Gamel and Abdel-Aal, 2012; Mapan et 
al., 2014).

Drying by using a fluidization technique and 
high temperature hot air, besides being a highly 
efficient method for reducing the moisture of the 
paddy down to a suitable level before storing, is 
also thought to stimulate starch gelatinization during 
the drying period (Soponronnarit et al., 1995). The 
gelatinization process was found to originate when 
the paddy harvested with a moisture content in the 
range of 28.3-33.3% (d.b.) was dried with suitable 
drying conditions (Tirawanichakul et al., 2004; 
Rattanamechaiskul et al., 2014). When gelatinization 
occurred in the rice grain, the starch granule would 
swell in its amorphous region, thus causing a loss 
in the molecular order within the starch granule and 
irreversible swelling. This change in the texture of 
the rice was observed as the loss of birefringence; the 
loss of crystallinity, with molecules of amylose and 
amylopectin leaching out from the starch granule; 
and the destruction of the orderly structure of the 
starch (Donald, 2004; Salmenkallio-Marttlia et al., 
2004).
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Past research has studied the difference in the 
change of the texture caused by starch gelatinization 
in rice species having quantities of amylose that 
varied from medium (20%-25%) to high (26%-
33%) (Juliano, 1992; Suwannaporn et al., 2007), 
and it was found that the hardness value of the rice 
increased and the stickiness value decreased after 
the starch gelatinization because free molecules of 
amylose leaching out of the starch granule during 
the gelatinization process would form a gel network 
anew after the starch granules were cooled down 
after drying. Such a network would prevent water 
penetration and absorption into the rice during the 
cooking process, thereby increasing the hardness 
value of the cooked rice and decreasing the stickiness 
value (Singh et al., 2005; Jaisut et al., 2009; Zavareze 
et al., 2012). Such changes are directly related to the 
level of starch gelatinization (Rattanamechaiskul 
et al., 2013). However, the aforementioned result 
is contradictory to the case of sticky rice, in which 
the amylose content is less than 5%. In a study 
investigating the result of increasing gelatinization 
on the texture of milled sticky rice after the heating 
process, it was found that it is difficult for molecules 
of amylopectin leaching out from the starch granule 
during starch gelatinization to reform a gel network 
because the molecules of amylopectin are highly 
branched. Therefore, when the structure of the starch 
granule was destroyed, it would result in a much 
higher water uptake of the gelatinized starch than 
seen in the non-gelatinized starch during the cooking 
process. The consequence was that the hardness value 
of milled sticky rice decreased and the stickiness 
value increased (Jaiboon et al., 2011). Though there 
has been work studying the change in the texture of 
rice after the aforementioned heating process, up until 
the present time, the change in the textural properties 
of black sticky rice that results from gelatinization 
induced by rying by the fluidization technique has 
not been investigated.

This research work is, therefore, focused on 
studying the change in the texture of black sticky 
rice after being dried with high temperature hot air 
fluidization. The results of this test provide data 
demonstrating the correlation between the degree of 
starch gelatinization and the change of the textural 
properties of black sticky rice at various drying 
conditions, and can be used to determine how to 
treat black sticky rice to meet the needs of diverse 
consumers and to provide the enriched nutritional 
value of the rice bran that is not milled.  

Materials and Methods

Preparation of dried sample
The rice species used in this experiment was 

KUMDOISAKET black sticky rice harvested from 
the Purple Rice Research Unit of the Department of 
Plant Science and Natural Resources belonging to 
the Faculty of Agriculture at Chiang Mai University, 
Thailand. For the experimental study, the moisture of 
the harvested paddy was reduced to 14.0% (d.b.) by a 
sun drying method for storing. Therefore, before the 
paddy could be dried via the fluidization technique, 
it had to be rewetted by spraying it with water to 
simulate a harvested moisture in the range of 28.3% 
– 33.3% (d.b.). Thereafter, the paddy was stored in 
a cold room at 4oC and mixed every 24 hours for a 
period of 7 days to spread the moisture evenly. Before 
experiments were conducted on the rewetted sample, 
the paddy was first left to reach the temperature of the 
surrounding environment.  

Fluidized bed dryer
The fluidized bed dryer used in this study was 

a batch model, consisting of a drying chamber of 
cylindrical shape made of stainless steel with a 
diameter of 20 cm and a height of 100 cm. The 
entirety of the drying surface and the chamber wind 
ducts were covered by insulation with a thickness of 
2.5 cm. The dryer was heated by a heater with a 12 
kW capacity, and this was controlled by a proportional 
integral derivative or PID controller with an accuracy 
of ±1oC; the fan used was a backward-curved blade 
centrifugal blower driven by a 1.5 kW motor. In 
addition, at the air out tube, there was a damper to 
adjust the fraction of the air within the system to 
obtain the rate of flow required. 

Drying of black sticky rice
The drying process was initiated by putting the 

rewetted paddy in the paddy inlet until a bed height 
of 10 cm was obtained. Next, air was passed at a flow 
rate of 0.08 kg/s through the heater to increase the 
temperature of the paddy until it was in the test range 
of 100-150oC. When hot air was flowed through the 
drying chamber, a portion of the air flowed out of 
the system and another portion was recycled, and 
the ratio of these two flows was 0.8. In this manner, 
the paddy was dried until the moisture content 
was reduced to 22.0% (d.b.), at which point it was 
removed from the drying chamber (Soponronnarit 
and Prachayawarakorn, 1994) and stored in closed 
jar for 30 minutes to reduce the cracks which could 
occur during the course of the drying process. The 
paddy was then ventilated in ambient air for 30 
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minutes until the moisture was further reduced to 
13%-15% (d.b.) (Poomsa-ad et al., 2002).

Thermal property analysis
Samples of black sticky rice that had been 

processed with ventilation only and of black sticky 
rice that had been dried under various conditions 
were ground using an ultra centrifugal mill (Retsch, 
model no. ZM 100, Hann, Germany). After that, the 
rice starch powder acquired was refined by passing 
through a 0.25 mm sieve and was taken for thermal 
property testing by a differential scanning calorimeter, 
or DSC (Perkin Elmer Co., Ltd., model DSC-7, 
Norwalk, USA). The method involved putting 3 μg 
of starch powder into the aluminium pan and adding 
10 μg of distilled water to it before completely 
sealing the aluminium pan with a cover and leaving 
it to stand for 1 hour. After that, the sample pan was 
heated from 40oC to 100oC at a ramp rate of 10oC/
min to acquire a DSC curve that contained the values 
of the onset temperature (To), peak temperature (Tp), 
conclusion temperature (Tc) and delta enthalpy (∆H). 
From these, the level of starch gelatinization (SG) 
could be calculated from the equation (Normand and 
Mashall, 1989):

       

where ΔH is the transition enthalpy of the black sticky 
rice dried by the fluidized bed dryer (J/g dry matter) 
and ΔHc is the transition enthalpy of black sticky rice 
dried by ventilation (J/g dry matter).

Textural property evaluation
Black sticky rice samples were washed and 

soaked in water for 16 hours at ambient temperature. 
Then, the soaking water was rinsed away and the 
soaked samples steamed for 30 minutes. After the 
steaming was complete, the samples were cooled 
under environmental conditions for 10 minutes before 
doing textural property tests. Hardness and stickiness 
values were analysed by a texture analyser (Stable 
Micro System, TAXT Plus, Surrey, UK). Steamed 
samples of 6 grains were placed on an aluminium 
plate, and a 5 cm cylindrical probe was used to 
compress the sample to 90% deformation twice, at 
the test and post-test speeds of the probe of 0.5 and 
1 mm/s, respectively. The texture profile showing 
the force acting on the samples as a function of time 
was acquired and from this the value of hardness 
was read as the maximum force observed on the first 
compression while the value of stickiness was the 
negative force observed in the first cycle during the 
pulling out of the cylindrical probe (Juliano, 1985).

Results and Discussion

Drying time and grain temperature
Table 1 shows the timing used in reducing the 

moisture of the black sticky rice from the initial 
moisture content of 28.3% - 33.3% (d.b.) down to 
22.0% (d.b.) and the grain temperature measured 
before being taken out of the drying chamber under 
various drying conditions. It was found that when 
a drying temperature of 100oC was used for drying 
the paddy with initial moisture content of 28.3% 
(d.b.), it would take 4.0 minutes to dry, with a 
measured grain temperature of 64.0oC. When the 
initial moisture of the paddy was 33.3% (d.b.), it 
resulted in both an increase in the value of the time 
of drying and in the grain temperature to 6.0 minutes 
and 71.9oC, respectively. Based on Table 1, when the 
initial moisture content of sample is held equal, the 
resultant drying time and the grain temperature of 
the samples seems to be directly related to the drying 
temperature; specifically, the drying time tended to 
decrease and the grain temperature tended to increase 
with increasing temperature used for drying. When 
the initial moisture of the paddy is 28.3% (d.b.) 
and is exposed to a drying temperature of 150oC, 
for example, the shortest time it would take for dry 
would be 1.5 minutes; the highest value of the grain 
temperature would be 106.0oC when a paddy with an 
initial moisture of 33.3% (d.b.) was dried under the 
temperature of 150oC.

The drying time was increased in proportion to 
the initial moisture content due to the fact that the 
paddy with 33.3% (d.b.) moisture had a substantial 
quantity of water in the grains. Therefore, the time 
required to evaporate water to the level of the 
required moisture was greater than the paddy with 
an initial moisture content of 28.3% (d.b.). Similarly, 
the period of time used for drying was decreased 
when the drying temperature was increased, because 

Table 1. Drying time and grain temperature of black 
sticky rice under various drying conditions
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drying at a high temperature transfers heat energy 
from hot air to the rice grains more effectively than 
does drying at a lower temperature, thus resulting 
in a higher value of the grain temperature. When 
the value of the grain temperature was high, the 
consequence was that the moisture within the rice 
grains could diffuse from the inner part of the grain 
to the surface and evaporate better than when drying 
at lower temperature because in the latter case the 
effective moisture diffusivity varies directly with the 
grain temperature (Pääkkönen, 2002; Madhiyanon et 
al., 2009; Thuwapanichayanan et al., 2011; Junka et 
al., 2015; Moreira et al., 2015; Moreira and Chenlo, 
2015).

Thermal properties of black sticky rice
Figure 1 shows the endothermic heat flow 

curves of black sticky rice being processed through 
moisture reduction by ventilation and hot air at 
the initial moisture content of 28.3% (d.b.). Such 
curves showed that the transition temperatures of the 
samples, consisting of onset, peak and conclusion 
temperatures, were in the range of 66.0oC – 80.3oC, 
where the delta enthalpy of the sample dried by 
ventilation was 9.91 J/g and those of the samples 
dried by hot air at 100, 130 and 150oC were 9.93, 
8.91 and 7.78 J/g, respectively.

These decreasing delta enthalpy values, when 
calculated by comparing with the ventilated 
samples, could indicate a rise in the degree of starch 
gelatinization. The degree of starch gelatinization 
increased with the decrease in the delta enthalpy value. 
Figure 2 shows the level of starch gelatinization of 
black sticky rice under various drying conditions. At 
a drying temperature of 100oC and an initial moisture 
content of 28.3% (d.b.), the starch gelatinization could 
not be initiated. In contrast, drying at temperatures 
of 130oC and 150oC gelatinized 10.1% and 21.5% of 

the starch, respectively, while at the initial moisture 
content of 33.3% (d.b.), the level of gel formation 
was found to be 12.8%, 26.7% and 29.2% when the 
sample was dried by hot air at temperatures of 100oC, 
130oC and 150oC, respectively.

No decrease in the value of delta enthalpy had 
occurred, even for the sample that had been through 
the drying process at 100oC when compared with 
the value of delta enthalpy of the sample which had 
not been treated through the drying process, because 
drying under such conditions heats the rice grains to 
their maximum temperature before being taken out of 
the drying chamber - only 64.0oC, as shown in Table 
1 - while the temperature which begins to destroy 
the starch structure and to gelatinize it is 66.0oC. The 
value of delta enthalpy decreased when the samples 
were dried at 130oC and 150oC because the drying 
temperature resulted in the transfer of heat energy to 
the rice grains and raises the grain temperature higher 
than gelatinization temperature as long as the value of 
the moisture of the rice grains was higher than 22.2% 
(d.b.), and thus stimulated the starch gelatinization 
process (Lai, 2001). In other words, when the starch 
gives rise to gels, the ordered structure of the starch 
is destroyed. The difference in the energy required to 
destroy the structure of the starch granule, therefore, 
accounts for the decrease in the delta enthalpy value, 
and furthermore, such values seem to decrease with 
increasing drying temperature. The initial moisture 
content of the sample and the temperature used 
for drying had an influence on the level of starch 
gelatinization; the level of gel formation would 
increase with an increase in the initial moisture 
content and in the temperature used for drying.

Textural property of black sticky rice
Table 2 shows the hardness and stickiness values 

of a sample processed using ventilation and a sample 

Figure 1. Endothermic heat flow curves of black sticky 
rice with an initial moisture content of 28.3% (d.b.) treated 
by ventilation and hot air

Figure 2. Level of starch gelatinization of black sticky rice 
under various drying conditions
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dried by the fluidization technique under various 
conditions, and the hardness and stickiness values 
of cooked black sticky rice were found to initially 
be 123.9 and 0.6 N, respectively. At an initial paddy 
moisture of 28.3% (d.b.), the hardness and stickiness 
values of a sample dried at 100oC did not vary 
significantly from those of the ventilated sample, 
but, when the value of the initial moisture content of 
samples was increased to 33.3% (d.b.), the hardness 
value decreased to 118.2 N and the stickiness value 
increased up to 0.8 N. In addition, at the same initial 
moisture content, increasing the drying temperature 
consequently resulted in lowering the hardness value 
and raising the stickiness value. The hardness value 
was lowest and the stickiness value the highest, 
with significant deviation, for the paddy with initial 
moisture content of 33.3% (d.b.) that was dried 
at a temperature of 150oC, because the level of 
starch gelatinization was highest under such drying 
conditions.

The changes in the hardness and stickiness values 
varied directly with the level of starch gelatinization. 
When the structure in the starch granule was 
gelatinized during drying, it would also result in a 
loss of order in the molecules inside the grain. After 
being dried, the starch granule became cooler, and 
it then became very difficult for the disordered 
molecules of amylopectin to form a new gel network, 
because the molecules are highly branched. The 
structure of the gelatinized starch granule, once 
cooked, would be able to uptake more water than a 
starch that had not been gelatinized (Jaiboon et al., 
2011). Thus, the hardness value tends to decrease and 
the stickiness tends to increase with a rising level of 
starch gelatinization. Increasing the degree of starch 
gelatinization would help the texture of the cooked 
black sticky rice to be tender and sticky.

Correlations between level of starch gelatinization 
and textural properties of black sticky rice

Figure 3 shows the correlation between the 
level of starch gelatinization at the various drying 
conditions that were studied and the change of 
the hardness and stickiness properties of cooked 
black sticky rice. When considering the R2-values 
acquired from Figure 3, which were equal to 0.9075 
and 0.8375, respectively, it was found that the 
change in the hardness and stickiness correlated 
well with increasing levels of starch gelatinization. 
At level of 29.2% gelation, when the 33.3% (d.b.) 
initial moisture content sample was dried by hot air 
at 150oC, the hardness value decreased while the 
stickiness value increased to its maximum at 14.7 
and 1.3 N, respectively, when compared with the 
ventilated samples.  

The increased level of starch gelatinization 
resulted in hardness values that had a linearly 
decreasing trend and stickiness values with a linearly 
increasing trend, as shown in the correlations graphs. 
These correlations indicate that the high temperature 
hot air fluidization technique could improve the 
textural properties of cooked black sticky rice so that 
it is more tender and sticky than when traditionally 
cooked, because the starch is gelatinized during 
drying.

Conclusion

Levels of gel formation in rice correlates with 
the initial moisture content of sample and the 
drying temperature used. Samples with higher 
initial moisture contents and that were dried at the 
highest drying temperatures had more gel formed 
from the starch than samples with lower initial 
moisture content and that were dried at a lower 
drying temperature. The changes in the hardness and 

Table 2. Textural properties of cooked black sticky rice 
samples

Different superscripts in the same column are significantly 
different at p<0.05

Figure 3. Correlation between level of starch gelatinization 
and changed of hardness and stickiness
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stickiness values correlated highly with the level of 
starch gelatinization. The hardness value tended to 
decrease and the stickiness value tended to increase 
with an increase in the level of starch gelatinization. 
Under the drying conditions that were studied, black 
sticky rice samples with an initial moisture content of 
33.3% (d.b.) and dried by hot air at a temperature of 
150oC yielded the most tender and stickiest texture, 
because the level of the starch gelatinization was 
highest in this sample. In conclusion, the method 
of drying by high-temperature hot air fluidization 
technique could be applied for use in the improvement 
of the textural properties of cooked black sticky rice 
to make the rice more similar to the preferred taste of 
diverse consumers. 
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