®my2 HEr FHiEol S R

Physical Properties of Grain
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Summary

The physical properties of grain are very important for the design of handling,
sorting, processing, and storage system. On the physical properties of grain, volume,
bulk density, true density, specific gravity, and porosity are the major factors affe-
cting the thermal properties of grain. This study was conducted to determine expe-
rimentally the above physical properties of rough rice (3 Japonica-type, 3 Indica-type)
and barley (covered, naked) as a function of moisture content ranged from about
109% to 259% (w.b).

The results of this study are summarized as follows;

1, The volume of grain kernel increased with moisture content for both rice and ba-
rley. The volume of those grain kernel was in the range of 2.2068 x 10-3~3. 3960
x 10-8m3 at the moisture content of 149,

2. The bulk density of rice increased linearly with moisture content for Japonica-type
rough rice and quadratically for Indica-type rough rice, but the bulk density of
barley decreased linearlywith moisture content. The bulk density of the grain was
in the range of 501. 14~G&89. 13kg/m? at the moisture content of 149

3. The true density of whole grain decreased linearly with moisture content, and was
in the range of 1019. 49~1139, 75kg/m3 at the moisture content of 149%.

4. The porosity of rice decreased linearly with moisture content for Japonica-type
rough rice and quadratically for Indica-type rough rice, but the porosity of barley
increased linearly with moisture content. The porosity of the grain was in the range
of 39.51~50. 839 at the moisture content of 14%

5, The regression equations of the physical properties such as volume, bulk density,

true density, and porosity of the grain were determined as a function of moisture

content.
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Table 1. Physical dimensions of the grain siudied.

Crain l Moisture g Length | Width Thickness Sphericity
ycontent(m ,W.b) | (10~*m) ] (10-%m) ) (10~*m) (%)
Rough rice '
I 7.164 3.077 2,237
Akibars 12.20 (0.0919) (0.0778) (0.0497) 51.30
e 7.243 3.112 2.167 |
Minehikari 12. 45 (0. 0964) (0. 0787) (0. 0589) ’ 49.56
H
O 7.041 3. 084 2,249
Milyang 15 13.24 (0. 0889) (0. 0804) (0. 0495) 51.59
) . 8. 609 2.777 2.085
Milyang 23 12.88 (0. 0950) (0. 0622) (0. C442) 43.08
- 7. 498 2.835 2.078
Milyang 21, 12.90 (0. 0887) (0.0698) @oecey | A
) 7. 483 2.810 1,934
Suweon 244 12.08 (0.0941) (0. 0502) (0. 0519) 46,16
e i 7. 890 3.517 2.691
Barley Covered : 14.30 (0. 0926) (0. 0905) (€. 0921) 51.00
i
| 5.882 3. 429 2. 458
Naked | 13.13 (0. 0567) (0.0728) (0.0777) 62.21

Note: Values in the parenthesis indicate standard deviation.
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Table 2. Chemical compositions of the grain studied.

Grain Moisture \ Protein ! Carbohydrate Fat Fiber ’ Ash
(%) ; (%) (%) (%) (%) (%)
Rough rice [ { ;
Akibare 14.20 | 3,80 { 26,60 | 1.89 50.15 3.36
Minehikari 15,40 i 5.10 | 26. 45 2.27 45.99 4.79
Milyang 15 1449 5.30 ! 22,50 2.13 52,22 3.15
Milyang 23 16.20 3.80 | 29.7C 2.36 43.85 4.09
Milyang 21 15.90 70 1 3120 1.90 42,53 3.77
Suweon 264 5.40 5100 19.42 1.92 53.36 4.60
Barley f

Covered 14. 50 4,70 17.26 1.73 60.08 1.79
Naked 15,50 5.70 35.90 1.94 39.09 1.47
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Fig 1. Schematic diagram for measuring the Fig. 2. Schematic diagram for measuring

volume of grain kernels. the bulk density of grain.
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Table 3. Linear regression equations of the volume as a function of moisture content.

Grain Regression equation re
Rough rice

Akibare VH=2, 2689 x 1074 2. 4159 X 10-1*M®» 0.9592

Minehikari V o=1,9936 X 10-2+3. 4441 X 10-"°M 0. 9463

Milvang 15 V =2,0924 10843, 1474 x 10~1M 0, 9415

Milyang 23 V =2,2591 x1C0-84-3,1971 X 10-1*M 0, 9696

Milyang 21 V =1,8939x10-*43, 3567 X 10~*°M 0. 9372

Suweon 264 l V =11.8473x10~%42, 5675 10'**M 0.9347
Barley

Covered V =2,7392x 107844, 6955 10-°M 0. 9657

Naked V =1.9238x10-%+4, 8892 % 10-1*M 0.9728

1) V : Volume(m?)

2) M : Moisture content(%,w.b)
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Table 4. Regression equations of the bulk density as a function of moisture content.

Grain l Regression equation r?
Rough rice

Akibare BH =537, 58731, 2227M®» 0.9789

Minehikari B =529. 840041, 4596M 0.9419

Milyang 15 B =53%.31654-0.9119M 0. 9685

Milyang 23 B =529.1936—1. 1046M +0. 0995M?* 0. 9990

Milyang 21 B =522.65—4.3619M-0. 2032M?* 0. 9976

Suweon 244 B =3536.12—3,343M4-0. 1477M* 0. 9823
Barley :

Covered B =582.79—1.4422M 0. 9475

Naked ’ B =759.69-~5.0400M 0.9097

1) B : bulk density (kg/m?)

590

a——o Milyong 21
o—-—4 Milyang 23
570F ®----8 Suweon264

550

530

Bulk density, Kg/m®

510

L 1 1 i) i
490~ 5 5 ) 36 30

tdoisture contenty % w.b

Fig. 6. Relationship beiween bulk density and

moisture content of rice(Japonica-type).
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moisture content of rice (Indica-type).
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Table 5. Linear regression equations of the truc dersity as a function of moisture

content and specific gravities.

Spscific gravity

Grain Regression equation : re (V42;—222, w.b)

Rough rice ‘ ;

Akibare DD =1066.0-2,051 oM : €. 9710 1.0373—1. 0209

Minehikari D; =1044.2-—1. 1992M i 0. 89462 1.0274-1,0178

Milyang 15 Dy =1080.5—1.8408M i 0.9582 1.0547 —1. 0400

Milyang 23 ! D, =1046.1-1. 008eM C. 9960 1.0320~1.0239

Milyang 21 Dy =1038.2—1.2366M 0.9510 1.0195—1.00€8

Suweon 264 Dy =1051.7—1. 0409M 0. 9675 1.0371—1.0288
Barley 1

Covered Dy =1110.6—1.5136M | 0. 9950 1.0894—1.0773

Naked Dy =1190.7—3.6393M } 0.9073 1.1397—1.1106

1) D : True density (kg/m?) 2) M : Moisture content of grain(%, w.b)
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Table 6, Regression equations of the porosity as a function of moisture content.

Grain Regression equation r:

Rough rice

Akibare PH =49, 6707—0. 2267M» C. 5934

Minehikari P =49.3275-0.2072M 0. 6736

Milyang 15 P =50.1597~-0.1798M 0.9924

Milyang 23 | P =49.382140. 0¢4¢M-C. CCOSM* 0.6¢24

Milyang 21 | P =49.5(384-0.3791M-0. 02CEM? 0.9984

Suweon 2¢4 { P =48.91944-C. 2831M-0.014¢M? C.c874
Barley

Covered P =47.47564-0.0542M 0. 8793

Naked J‘ P =35.7071+40.2714M 0.9916

1) P : Porosity (%)

2) M : Moisture content(%, w.b)
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