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Effects of Laboratory Scale Fluidized Bed Heat Treatment on Maize Weevil, (Sitophilus zeamais),  
Red Flour Beetle (Tribolium castaneum) and Milling Quality of Rice cv. Khao Dawk Mali 105 
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Abstract  
The efficacy of heat fluidized bed (FDB) was studied for controlling stored product insects on rough rice 

using laboratorial heat fluidized bed equipment and the milling quality of rice later was examined.  Rough rice cv. Khao 
Dawk Mali 105 (13% mc wet basis) infested with insects were treated with FDB. The results showed that maize weevil, 
Sitophilus zeamais Motschulsky ( internal feeders)  performed higher tolerance for heat than red flour beetle Tribolium 
casteneum (Herbst). At the velocity speed 3.7 m/s, 50°C for 90 seconds, the mortality of maize weevil treated by FDB 
was significant different (P<0.01). Pulpal stage as an FDB tolerant stage of maize weevil was treated with 50, 55, 60 and 
65 °C for 60, 90, 120, 150, 180 and 240 seconds. FDB heat treatment at 55 °C for 150 seconds, 60 °C for 90 seconds 
and 65°C for 60 seconds caused 100% mortality. At the velocity speed 3.7 m/s, 40°C for 120 seconds, the mortality of 
red flour beetle was significant different (P<0.01). Egg stage as an FDB tolerant stage of red flour beetle was treated 
with 40, 45 and 50 °C for 120, 150, 180 and 240 seconds. The result showed that FDB heat treatment at 40 °C for 180 
seconds, 45 °C for 180 seconds and 50 °C for 120 seconds caused 100% mortality. The percentage of whole kernels 
and head rice was not difference compared with control.  In case of the milling quality, the percentage of whole 
kernels and head rice was similar to control. However, milled rice was yellow color with the increased of b* value, and 
the decreased of L* value and whiteness index. The moisture content and amylose content were decreased.  
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36.75 ± 7.63  100 ± 0.00     40 °C  120  
 (P<0.01)  7.25 ± 3.59, 32.25 ± 14.57, 100.00 ± 0.00  12.75 ± 7.27 

          
   

 
  

 ( )   55 °C 150 , 60 °C 90   
65 °C 60    ( )   40 °C 180 , 45 °C 
180   50 °C 120   (Table 1-2)  

 
Table 1 Average mortality of pupal maize weevils after exposed to fluidized bed heat treatment at combination 

of temperature (50, 55, 60 and 65 C) and exposure time (60, 90, 120, 150, 180 and 240 seconds) 

Time (seconds) Mortality of pupal maize weevil (%) ± SE* at various temperature (C) 
50 55 60 65 

Control 4.50 ± 1.73 c 9.00 ± 3.56 c 7.75 ± 3.10 b 7.75 ± 3.30 b 
60 0.00 ± 0.00 c 0.00 ± 0.00 d 0.50 ± 0.58 c 100.00 ± 0.00 a 
90 0.00 ± 0.00 c 96.00 ± 4.76 b 100.00 ± 0.00 a 100.00 ± 0.00 a 

120 0.00 ± 0.00 c 99.00 ± 1.41 ab 100.00 ± 0.00 a 100.00 ± 0.00 a 
150 58.75 ± 13.15 b 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 
180 68.50 ± 12.45 b 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 
240 85.50 ± 5.45 a 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 

CV (%) 23.13 3.21 1.64 1.44 
*  Means followed by the same letter within column are not significantly different from each other at P<0. 01 according to least 
significant difference (LSD) Test 
 
Table 2 Average mortality of egg red flour beetle after exposed to fluidized bed heat treatment at combination 

of temperature (40, 45 and 50 °C) and exposure time (120, 150, 180 and 240 seconds) 

Time (seconds) Mortality of egg red flour beetle (%) ± SE* at various temperature (C) 
40 45 50 

Control 3.00 ± 1.63 c 8.00 ± 4.55 c 8.00 ± 2.16 b 
120 6.50 ± 4.65 c 95.00 ± 2.58 b 100.00 ± 0.00 a 
150 84.75 ± 10.63 b 98.50 ± 1.29 a 100.00 ± 0.00 a 
180 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 
240 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 

CV (%) 8.90 3.00 1.18 
*  Means followed by the same letter within column are not significantly different from each other at P<0. 01 according to least 
significant difference (LSD) Test 
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Table 3 Moisture content, grain temperature, color values (L*, b*), whiteness index, whole kernels and head rice 
and amylose content of rice cv. Khao Dawk Mali 105 when exposed to fluidized bed heat treatment at 
various temperatures and exposure times for completely killing pupal maize weevil and egg red flour 
beetle.  

Treatment Moisture 
content (%) 

grain 
temperature 

(°C) 

Color values** Whiteness 
index 

Whole kernels 
and Head rice 

(%) 

Amylose 
(%) L* B* 

40C180S 11.90 abc 35.33 d 69.50 a 10.49 bc 67.72 a 43.14 ns 14.45 c 
45C180S 12.00 ab 41.67 c 68.81 a 10.93 b 66.92 a 42.28 ns 14.53 c 
50C120S 11.83 bc 46.67 b 69.49 a 10.27 bc 67.78 a 42.65 ns  14.92 b 
55C150S 11.70 c 53.67 a 65.63 c 13.43 a 62.85 bc 42.02 ns  14.78 bc 
60C90S 11.73 c 54.67 a 65.26 c 12.98 a 62.69 c 42.62 ns 14.45 c 
65C60S 11.83 bc 56.67 a 67.14 b 13.52 a 64.20 b 41.51 ns  15.02 b 
Control 12.07 a 29.67 e 68.83 a 9.64 c 67.35 a 44.07 ns  15.39 a 
CV (%) 1.02 3.03 1.25 4.62 1.26 2.29 1.39 

*  Means followed by the same letter within column are not significantly different from each other at P<0. 01 according to least 
significant difference (LSD) Test 
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