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Abstract

Drying of paddy is one of the important processeghe rice millers to produce good
guality rice. A conventional drying process is darseng hot air which results in time
consuming and energy loss. In the present worhupathani paddy was dried using
a microwave-vacuum dryer. The drying experimergsewcarried out by varying two

parameters affecting the drying performance inclgdhe microwave power and the
pulsation period. The microwave incident powersedafrom 170 to 500 watts while

the pulsation periods varied from 30 to 120 secoMisisture contents in the rice
paddy were observed for different drying conditiombe properties of milled rice

before and after cooking were determined inclugiegcents of head rice, brokens,
elongation, and gelatinization temperature. Thelteshowed that the removal rate
of moisture in paddy decreased as the microwaveepancreased. The higher
microwave power resulted in an increased percebtakens.
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1. Introduction

Rice is one of important crops of the world. Taad is one of the biggest worldwide
rice exporters with about 7 million tons of milleate in 2006FAO2006). After
harvesting, the moisture content of rice paddysifigh as 19%-26 % (wet basis) and
even higher during the rainy season. Rice paddsiglly dried to reduce moisture
content to 14% or lower for a safe storage befoneiling process. However, if the
moisture content in paddy is too low, the grairessar fragile when being milled. This
can lead to higher fraction of broken kernels. Kegghe rice paddy at acceptable
moisture content can prolong storage time and pteveuld growth.

Farmers usually expose rice paddy to the sun dseeduce the moisture content
within the grains. This process totally dependshenweather conditions and can not
be done during the rainy season. Most rice milleses a conventional process of hot-
air drying which consumes time and energy. The eatignal hot-air drying has
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many disadvantages including the tremendous enswggumption and low drying
efficiency. It also diminishes the quality of drig@toducts. To overcome these
problems, fluidised and spouted bed dryers wereeldped to dry rice paddy with
higher temperature and shorter residence time ¢oept heat damage (Wiset et al.
2001) However, fluidized bed dryer is efficient when thwisture content in the

grains is above 18%.

Besides fluidised and spouted bed drying, microwaaeium drying additionally
offers an appreciable approach to overcome dravebatcithe conventional drying. It
combines the advantages of vacuum drying and mavevapplication. Creating a
vacuum in the dryer results in a lower boiling fgoifhis allows water to vaporize at
low temperature. Lower drying temperature leadgrévention of a heat damage and
nutritional losses. Low-temperature vaporizatiosspdeads to lower rate of oxidation
resulting in an improvement of colors and flavoafgried products. An application
of microwave for drying can cause the heat germrawithin products. The heat
generation inside products can increase the rateatér removal (Yongsawasdigul
and Gunasekaran, 1996). When vacuum drying andomare application are
combined, major advantages of both techniques rsepted including a prevention
of product damage due to an excessive heating,dimdesnergy saving. Gunasekaran
(1990) proposed the pulsation microwave energyagimize drying efficiency. This
techniqgue was used for many applications suchugtsafind grain dryings.

Though previous studies had been conducted to wedite drying efficiency and the
effects of milling on the properties of paddy (Mzal 1992; Mohapatra and Bal,
2006; Thakur and Gupta 2006, Shu et al. 2006), aghygications of microwave-
vacuum drying for moisture removal in paddy havebeen studied. Therefore, this
introductory study was conducted to investigatefdiiewing objectives:
(1) To study the feasibility of microwave-vacuum drying reduce the
moisture content of paddy to an accepted value.
(2) To evaluate the effect of pulsation periods andronvave powers on the
moisture removal for paddy.
(3) To investigate the effects of microwave-vacuum mgyion some
characteristics including percents of head ricepkéns, elongation,
volume expansion, and water absorption.

2. Materialsand methods

Pathumthani fragrant rice was chosen for this studyaddy was procured and
harvested from Angthong Province, Thailand. Aftarvested, paddy was sun dried
to about 18% (wet basis) moisture content befonegoleept in the laboratory storage
at 20 °C.

A laboratory-scale microwave vacuum dryer (Daewond® KOR-8667) was set up
with a vacuum pump (Edwards High Vacuum Internatidvodel RV8). Four levels
of microwave powers include 170, 245, 400, and ®0The measurement of the
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power output was conducted by the standard proeedascribed by Schiffmann
(1987) and Cui et al. (2004). The vacuum presswae fixed at 40 kPa. For a pulsed
mode, the magnetron was alternately turned on dhdooresponding to specified
pulsation periods. Moisture contents were measbse#ett Grain Moisture Tester
M401. The experiments were done in duplicate ardhtlerage data were used for the
analysis.

Paddy was dehulled with Satake bench dehusker dletlwith a Satake bench mill.
Milled rice was separated by an indent cylinderetypader. Brokens refers broken
rice kernels with lengths are at least 2.5 parta whole kernel but less than those of
whole kernels. The head rice yield and the amodinbrokens were obtained by
calculation.

Cooking qualities including elongation, volume emp@an, and water absorption
ratios were determined according to equations 3),)«(espectively. Experimental
details of procedures can be found elsewhere (Gag@pand Pattala, 2005).

averageéengthof cookedrice

Elongationratio= , , (2)
averageengthof milledrice

Volumeexpansiomatio= averagehelghtof co.okedrllce (2)
averagéheightof milledrice

Waterabsorptiomratio= averageveightof cookedrice 3)

averageveightof milledrice

Gelatinization temperature measurements were coedlucusing alkaline
disintegration method (Little et al., 1958). Teill@d rice grains were placed in petri
dish and then treated with 1.7% NaOH solution. $amples were kept at 30°C for
23 hours. The alkali spreading value (ASV) was timeasured on a 2-7 scale.

3. Results and Discussion

In this work, the application of pulsed mode of raigave-vacuum drying was used
to observe drying behavior of paddy. The effectsnafrowave powers and pulsation
periods at various time steps on moisture contgate investigated. The experiments
were conducted until the final moisture contencheal 14% or did not change over
three consecutive time steps. The moisture contdnaddy at the power-on time of
30 seconds and power-off time of 60 seconds, apaisperiod of 30/60, at different

microwave powers were shown in Figure 1.

The results showed that the moisture contents dseedewith time. Drying is faster in
operating at higher microwave power. The same temcre observed the
experiments with the power-on time of 30 secondd power-off time of 120

seconds, a pulsation period of 30/120, as showkfigare 2. This is due to the fact
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that the higher power leads to more energy absorpti paddy grains. A previous
study (Cheepsathit and Pattala, 2005) showed tmatptoduct temperature of a
pulsation period of 30/60 is higher than that ofl20. Higher temperature leads to
higher temperature gradients which allow waterdoceterate during power-on time.
High temperature also results in an increased sidgfu of water during power-off
time. Longer off times result in a temperature dase which is due to evaporative
cooling and heat losses from convection and raidtiom paddy. Thus the energy
was consumed efficiently. The results from a preseark were similar to the
previous study (Yongsawasdigul and Gunasekarar§)199
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Figure 1 Effects of microwave incident powers with a pulsatperiod of 30/60
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Figure 2 Effects of microwave incident powers with a pulsatperiod of 30/120

The effects of power-off times on the moisture genvere done by comparing
Figures 1 and 2 for the same power of 245 W. Hsalts showed that the moisture
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content for a pulsation of 30/60 decreased fasi@n that of a pulsation of 30/120.
The results agreed with the previous study (Chekpsand Pattala, 2005) which
showed that the shorter power-on time and longerepoff time lead to less energy
input. This condition allows water to redistribwigth in paddy grains. Diffusion of
water during power-off time can accelerate wataraeal.

The effects of microwave power and pulsation penadmilled rice were shown in
Table 1. The experimental data indicate that boitrowave power and pulsation
period affect head rice yield and broken fractiof®r the pulsation period of 30/60,
higher microwave powers resulted in lower head wteld and higher broken
fraction. These results were due to the higherggnabsorption of the paddy grains
which leads to a sharp increase in grain tempegaflihough a rapid increase of
temperature results in the higher rate of waterorah it causes an increase in
brittleness of milled rice. The results are simil@arprevious studies conducted on a
fluidized bed dryer (Soponronarit et al.,1996; Tave¢tanpanich et al., 1999) The
microwave powers show an insignificant effect oracheice yield and broken
fractions for a pulsation period of 30/120. Thadhece yield from this work is lower
than a previous study because the final moisturéowger (Wiset et al., 2001).
Excessively low moisture content may possibly cdugk fraction of broken kernels.

Table 1 Effects of microwave power and pulsation periochahed rice.

Pulsation Period 30/60 s/s 30/120 s/s
Microwave Power 170W | 245W | 400W| 560W 245W | 400W
Sample Weight (g)

Rice paddy 300.0 300.0 300.0 300.0 2925 300.0
Milled rice 196.6 192.5 192.5 193.8 184.5 194.0
Head rice 127.9 124.5 100.0 46.2 109.0 113.0
Rice Broken 69.3 68.0 92.5 147.6 75.5 81.0
Head rice/rice Broken 1.8 1.8 1.1 0.3 1.4 1.4
% Broken 35.1 35.3 48.1 76.2 40.9 41.8

Experimental data for elongation, volume expansiang water absorption were
presented in Table 2. The results showed that mewe-vacuum drying technique
showed an insignificant difference in before- arfteracooking elongation ratio.

Microwave power did not show a significant effeat@ongation, volume expansion,
and water absorption. Higher elongation and volwxeansion ratios were due to
larger amount of water absorbed after cooking.

Gelatinization temperature is the temperature athvtine rice absorbs water and then
starch granules swell irreversibly. It also indésaa milled rice quality. The ASV of
milled rice using microwave-vacuum drying techniquigh a power of 175 W, a
pulsation period of 30/60 s/s was 6.50+0.41 whitattrice dried with the
conventional process was 6.4+0.45. The results stidhat a drying process showed
insignificant effect on gelatinization temperatuféiis experiment also showed that
Pathumthani rice has low gelatinization temperatugow 70 °C. The results are
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consistent with a previous study which showed thastt tropicalindica varieties
have intermediate or low gelatinization temperat(8au et al., 2006). Such low
gelatinization temperature implies that the riceneg soft and can not disintegrate
when overcooked. It also requires less cooking aater than rice with higher
gelatinization temperature. The powers showedynicant effect on gelatinization
temperature.

Table 2 Experimental data for elongation, volume expansama water absorption

Drying Methods After Cooking : Before Cooking Ratio
Elongation Volume expansion  Water absorption
Conventional 1.64 2.19 2.45
175 W (30/60) 1.64 2.03 2.38
400 W (30/120) 1.64 2.03 241
4. Conclusion

Microwave-vacuum drying offers a feasible altervatfor drying paddy. As shown
in this study, the rate of drying varies with mieave powers since the higher power
leads to higher energy absorption. The study eféfiect of the pulsation showed
that the moisture content for a pulsation of 3Glé6reased faster than that of 60/120.
The results also showed that elongation of coolefor both drying processes was
not different while volume expansion and water apson for a microwave-vacuum
drying were lower than that of conventional process
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