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Abstract—Pre-germinated parboiled brown rice or Khao 

hang (in Thai) is paddy which undergoing the processes of 
soaking, steaming, drying and dehusking to obtain the edible 
form for consumption. The objectives of this research were to 
study the kinetic of pre-germinated parboiled brown rice 
drying using fluidization technique and to study the properties 
of pre-germinated parboiled brown rice after drying. The 
dryings were performed at the different temperatures of 110, 
120 and 130 oC at the bed depth of 2 cm with the air velocity 
of 1.98 m/s. The results found that the higher drying 
temperature led to the faster moisture reduction. After drying 
until the moisture content of pre-germinated parboiled brown 
rice was lower than 14%wet basis, samples were taken to 
determine various qualities such as percentage of head rice 
and L* a* b* color values. The shade drying was used as a 
control. The results found that the higher drying temperature 
resulted in the decrease of head rice percentage. For the color 
assessment, the trend of L* and a* values was increased with 
the drying temperature, while the b* value was not 
significantly difference (p › 0.05) by drying temperatures. 
However, the b value of drying by fluidized bed dryer was 
higher than the control. 
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I. INTRODUCTION 
ROWN rice is a wealth of nutrients that are contained in the 
bran layer. This lost health food is now being revived and 

taken back into the regular diet of consumers [1]. Brown rice can 
be processed in different form such as parboiled brown rice 
[2] and brown rice bread [3]. Pre-germinated parboiled brown 
rice or Khao hang (in Thai) is one of the attractive products 
which are benefit for health lovers. The process consists of the 
major steps of soaking, steaming, drying and dehusking to 
obtain edible form for consumption. Pre-germinated has 
potential functional food benefits such as γ-aminobutyric acid 
[4]. The antioxidants like orizanol and proanthocynin in pre-
germinated and germinated brown rice can neutralize the 
damage of oxidation [1]. There are many ways to remove the 
water from the product. Sun drying is a conventional method 
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with the lowest cost of operation. However, it is not 
convenience in rainy season. Drying is not applied only for 
removing water from the product; but hot air can also change 
some properties of rice as it is heat sensibility. In the past, the 
conventional sun drying was used to dry the product down to 
the moisture content about 14 % wet basis.  This method 
causes many problems due to very slow drying rate and cannot 
be done in the rainy season. Alternatively, mechanical drying 
has been applied to overcome those problems. Hot air is 
commonly used as drying media since it is simple and low 
cost operation. According to the information from literatures, 
fluidized bed drying has been widely used for drying 
particulate materials such as paddy [5] and corn [6] Fluidized 
bed techniques, where solid particles and fluid media are in a 
good contact over the entire bed. The fluidized bed drying 
offers several advantages such as rapid drying, small dryer 
size, and uniform product quality. 

However, the drying characteristics of pre-germinated 
parboiled brown rice and the effect of drying conditions on the 
product quality must be previously known. Therefore, it was 
of our interests to compare this technique under different 
drying temperature.  

The objectives of this study were to study the drying 
characteristics of pre-germinated parboiled brown rice by hot 
air fluidization technique, as well as to quantify the change in 
color of the dried samples. This attempt was expected to 
obtain the most suitable drying conditions of pre-germinated 
parboiled brown rice.   

II. MATERIALS AND METHODS 

A. Experimental Setup 
A batch drying system was developed by the Faculty of 

Engineering, Mahasarakham University, Thailand. The system 
consists of a vertical cylinder shape drying chamber with a 
dimension of  15 cm in diameter and 60 cm in height, 18 kW 
electrical heater and a backward curve fan driven by  2 kW 
electrical motor as shown in Fig. 1 and 2. Drying-air 
temperature was controlled by a proportional integral 
derivative controller with an accuracy of +1oC. A frequency 
inverter regulated airflow rate.  
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