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ABSTRACT

This research aimed to design and develop the continuous paddy steaming machine for hang
rice or parboiled rice production which was acceptable to community and small enterprises. The machine
was made of stainless steel with 150 kg loading capacity of soaked paddy. The initial moisture content
of soaked paddy was 31.1410.78 % (w.b.) then, the soaked paddy was steamed in the designed steamer
and the temperature of pressurized steam was set at 109.5 °C (40 kPa). The steaming time of paddy
was controlled by speed of the screw conveyor. The screw speed was 10.2, 15.4 and 20.6 rpm
according to the frequencies of the variable frequency drives (inverter) at 5, 7.5 and 10 Hz respectively.
The sample of paddy was collected at the first 15 minutes after steam valve and screw conveyor were
operated. The sample of steamed paddy was collected every 10 minutes until 105 minutes. After drying,
the quality of steamed paddy was determined, i.e. moisture content, head rice yield of brown rice, head
rice yield of milled rice, color and chalky kernels. The results showed that the production capacity of
the steamer was 0.70+0.01, 1.06+0.01 and 1.42+0.07 kg/min at the screw speed 10.2, 15.4 and 20.6
rom respectively. Increasing of steaming time raised the percentage of head rice yield and the yellow
color value of parboiled rice increased but reduced the percentage of chalky kernels. The suitable
condition for streaming the RD31 paddy was 15.4 rpm of screw conveyor and at least 35 min of steaming
time. At this condition, the head rice yield of brown parboiled rice and milled parboiled paddy was
69.67+1.67% and 65.83+1.84% respectively. The designed machine could decrease the percentage of
chalky kernels and increase the yellow value (b*) of the parboiled rice. The parboiled rice obtained from
the speed of screw conveyor at 15.4 rpm had uniform quality and showed the same trend with the result

from other researchers.
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Figure 1 Concept design of continuous rice steaming machine
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Figure 2 Schematic diagram of paddy steamer machine for rice processing continuous
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Figure 3 Continuous rice machine production
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Table 1 Relationship of speed of screw, flow rate of soaking rice and steaming time

Frequency Inverter Revolution of screw

Time for rice in the steamer

Rice flow rate

(min)
(Hz) (rpm) (kg/min)
(Weight of rice :150.19 kg)
5 10.2 0.70+0.01 214.56
7.5 15.4 1.06+0.01 141.69
10 20.6 1.42+0.07 105.76
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Table 2 Moisture content % (w.b.) of parboiled rice after shade dry in the air-conditioned room

rpom Moisture content % (w.b.) per speed of screw conveyor
Time
10.2 rpm 15.4 rpm"™ 20.6 rpm
(min)
Control sample 11.87 + 0.62% 1187 + 0.62 11.87 = 0.62°
15 1260 + 0.25% 12.88 + 1.26 1241 + 047%°
25 12.06 + 0.42% 1220 + 1.38 1242 + 0.27°°
35 1165 + 0.10° 1215 + 1.12 12.35 + 0.02%°
45 1244 + 0.89% 1215 + 1.22 1207 + 0.15%
55 1257 + 0.83% 1250 + 1.42 1211 + 0.12°°
65 12.38 + 0.60% 1220 + 1.24 1213 + 0.25°°
75 1269 + 0.33%" 1256 + 0.83 1240 + 0.03™°
85 1255 + 0.75% 1221 + 1.26 1256 + 0.02%
95 1297 + 1.06° 1222 + 1.22 1255 + 0.07*
105 1313 + 0.72° 1267 + 1.59 1265 + 0.31

Note *Data are expressed as mean + SD

" = Not significant (p>0.05) difference at each steaming conditions using Duncan’s new multiple range test

ad = superscript lowercase letters in columns indicate a significant (pS0.05) difference at each steaming and drying

conditions using Duncan’s new multiple range test
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Table3 Percentage of head rice yield of brown rice

RPM % Head rice (brown rice)
per speed of screw conveyor
Tim
10.2 rpm 15.4 rpm 20.6 rpm
(min)
Control
55.83 + 0.50° 55.83 + 0.50° 55.83 + 0.50°
sample
15 64.00 * 3.46° 57.00 * 0.33° 68.00 * 1.00%
25 70.00 * 0.33¢ 6767 * 0.67° 69.67 + 0.57¢
35 7067 * 1.00 69.67 * 1.67° 69.67 + 0.58°
45 69.67 * 0.34%f 69.67 * 0.67° 70.00 + 1.00%
55 69.17 * 0.50% 67.33 * 1.34°¢ 69.67 + 1.52¢
65 69.67 * 2.00%f 68.50 * 0.17°% 7167 + 0.58°
75 67.50 * 0.83% 69.00 * 0.67% 66.67 + 1.16
85 66.00 * 0.00% 68.67 * (.34%% 66.00 + 0.00°
95 67.50 * 0.50%¢ 66.17 * 0.17° 68.00 + 1.73%
105 67.17 * 1.84% 67.17 * 1.84% 68.67 + 1.52¢
Note *Data are expressed as mean + SD

37

@d = superscript lowercase letters in columns indicate a significant (pS0.0S) difference at each

steaming and drying conditions using Duncan’s new multiple range test.
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Table 4 Percentage of head rice yield of milled rice (White rice)

RPM % Head rice (White rice)
Tim per speed of screw conveyor
(min) 10.2 rpm 15.4 rpm 20.6 rpm
Control a b a
cample 20.67 + 0.87 20.67 = 0.87 2067 = 0.87
15 44.00 + 14.33° 15655 + 2.83° 58.33 + 208"
25 62.33 + 0.34° 63.67 =+ 0.67 6267 = 2.31%%
35 64.17 + 0.84° 6583 + 1.84¢ 63.33 + 0.58%
45 63.50 + 0.17° 64.83 + 0.18° 63.67 + 2.08°
55 63.67 + 1.00° 65.17 + 0.83¢ 6267 =+ 1.15%
65 63.83 + 0.50° 64.33 + 0.34% 64.33 + 1.15°
75 6167 + 1.67° 6450 = 2.00% 60.00 =+ 1.00*
85 60.67 + 0.00° 6567 + 2.00° 60.67 + 0.58"
95 61.33 + 0.67° 63.83 = 0.50% 60.67 + 0.58*
105 60.83 + 0.84° 6150 + 2.83° 61.67 * 208
Note *Data are expressed as mean + SD

ad = superscript lowercase letters in columns indicate a significant (pS0.0S) difference at each steaming and

drying conditions using Duncan’s new multiple range test
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Table 5 Degree of b-value of milled parboiled rice

rpm % Degree of value color, yellow (b)

Time

10.2 rpm 15.4 rpm 20.6 rpm

(min)

Control sample 10.34 + 0.76° 10.34 + 0.76° 10.34 + 0.76°
15 10.69 + 0.30° 10.68 + 0.25° 1047 + 1.49°
25 1425 + 0.65° 14.86 + 0.47% 13.40 + 047%
35 1523 + 1.12" 1428 + 0.30™ 13.81 + 0.44%
45 16.31 + 0.80° 1348 + 0.24° 1341 + 0.79%
55 1470 + 0.72" 1472 + 1.00% 1547 + 0.32,
65 16.21 + 0.50° 1565 + 0.62% 1377 + 1.22%
75 1449 + 1.21° 1445 + 0.78" 1297 + 2.23°
85 1597 + 0.11% 1446 + 044> 15.02 + 1.04%
95 1594 + 0.06™ 1480 + 0.97% 1469 + 067
105 16.18 + 1.00° 16.05 + 0.25° 1357 + 2.09%

39

Note Data are expressed as mean = SD

&€ = superscript lowercase letters in columns indicate a significant (pS0.05) difference at each steaming and drying

conditions using Duncan’s new multiple range test.
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Table 6 Percentage of chalky grain

rem % Chalky grain

Time per speed of screw conveyor

(min) 10.2 rpm 15.4 rpm 20.6 rpm

Control sample 2267 + 3.51° 2267 + 3.51° 2267 + 351°
15 8.00 + 2.00%® 12.00 = 1.00™ 400 = 1.00°
25 13.00 * 2.00° 15.00 = 6.00° 567 + 1.53°
35 1467 + 551° 12.33 = 3.51™ 7.00 + 3.00°
45 11.00 + 1.00°° 15.67 + 1.53° 500 + 3.00°
55 13.33 + 252° 16.00 = 2.00° 500 * 2.00°
65 11.00 + 0.00™° 1167 + 0.58™ 567 + 0.58°
75 1433 + 3.51° 11.00 = 2.00™ 6.00 * 0.00°
85 1267 + 1.53% 11.00 = 4.00™ 7.00 + 3.00°
95 967 + 058" 7.00 + 3.00° 6.00 * 2.00°
105 767 + 058 367 + 153° 567 + 252°

Note *Data are expressed as mean = SD

ad = superscript lowercase letters in columns indicate a significant (pS0.05) difference at each steaming and drying

conditions using Duncan’s new multiple range test.
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