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The Effect of Change in Moisture Content
on Some Physical Properties of Grains ()

—Spericity, Weight, Volume—

Oh, Moo Young

Summary

The Purpose of this study was to investigate the effect of the change in moisture
content on some physical properties of grains, and some relations among the properties.
Materials included were rough rice, brown rice, barley and wheat with the range of
moisture content of 6~.26 percent, 7~.25 percent, 10~.24 percent and 6~22 percent,
respectively. Kernel dimension, sphericity, kernel weight, and volume were included as
the physical properties of the grains.

The results obtained are summarized as follows;

1. The ratio of grain length to the thickeness was in the range of 3. 59~.4. 16 for rough
rice(Indica type), 2.98~3.27 for rough rice(Japonica type), 3.25 for brown rice (I.
T.), 2.14~2. 38 for brown rice(]J.T.), 2. 92~.3. 13 for barley and 2. 10~.2, 21 for wheat,
respectively.

2. The sphericity was found to be 42 percent for rough rice(I.T.), 48 percent for rough
rice(J.T.), 52 percent for brown rice (I'T.), 62 percent for brown rice(J,T.), 45 per-
cent for barley and 61 percent for wheat, respectively.

3. The kernel weight of grains was linealy increased with the increase of moisture
content. At a specified moisture centent of 14 percent, the kernel weight was shown
to be in the range of 4.72x1075~.3. 58 x107%kg for wheat, 3.60X 10-°~3. 12x 10~°kg
for barley,2 80x1075~2. 35X 1075kg for rough rice, and 2 24x1075~1.82x 10 %kg
for brown rice, respectively.

4, The kernel volume was linearly increased with the increase of moisture content. The
rate of increase was significantly low for rough rice in comparison with the rem-
aining grains. The kernel volume, at a specified moisture content of 14 percent, was
in the range of 3,51x1078~2 76x10°8m3 for wheat, 2 84x1078~.2. 43x10-8m? for
barley, 2.93x1078~1,97x108m8 for rough rice, and 1.61x10-8~.1, 29%10-8m3 for
brown rice, respectively.
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5. The kernel volume of grains was found to be related to the length, width, thick-

ness and kernel weight as a exponential function.

The kernel volume was shown to

have correlation coefficient to the length factor for rough rice and barley which were

of low sphericity, while the width factor was predominant for brown rice and wheat

which was of high sphericity.
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Table-1. Average dimensions and sphericity of grains studied

Moisture Lerg::rl;x‘gL) ngg:é)w ) Thmécg;::;(T) Ratio Spheri-
Variety Content city
(%, w.b.)| Coeff. of Variability (%) L/T | W/T| (o)
ROUGH RICE '
(Indica)
Kwem Kang 16.0 7.724+0.099 3. 15440, 060 2.1504-0.038 3.593| 1.467 45,6
(2.85) (4. 24) (3.93)
Seo Kwang 15.5 8.730+0.105 2.998+0. 066 2.19840. 021 3.972) 1.364 41.0
| (2:70) (4.93) (2.09)
Chu Pung 14.4, 8.108+0.170 2.746+0.122 2.116+0.017 3.832| 1.298 41. 3
(4.70) (9-94) (i.76)
Tai Back 15.5/ 8.088+0. 365 2.794+0.075 2.0544-0.030 | 3.938 1.360 42,6
(10. 09) (6. 03) (3.28)
Pung San 15.0 8.73410.106 3.00240. 075 2. 10040, 042 4.159% 1. 430 40.7
2.71) (5. 61) (4. 50)
(Japonica)
Sam Nam 15.0] 7.428+0.105 3.4024:0. 041 2.270+0.022 3.272| 1.499 47.3
(3.16) (2.67) (2.18)
Akyebare 15.2] 7.002+0.195 3.204+0. 045 2.240+0.040 | 3.126] 1.430 48,0
(6. 24) 316) (3.02)
Chi Ak 15.0] 7.064+0.176 3.500+0. 062 2.366+0.035 2,986 1.479 48,9
(5.57) (3.94) (3.34)
BROWN RICE :
(Indica)
Seo Kwang 14,3| 6.081+0.072 2.516+0.039 1.869+0.016 | 3.254; 1.346 51. 6
(3:12) (4. 15) (2.30)
Chu Pung 14,0 5.775+0.039 2.296+£0.027 1.779+0.034 3. 24¢4| 1.291 53.9
(1-93) (3.31) (5. 40)
(Japanica)
Sam Nam 14,00 5.109+0.080 2.991+0.028 2. 14640. 020 2.381] 1.394 60, 8
(4. 14) (2. 44) (2. 45)
Akyebare 14.0 4.813+0.058 2.803+0,043 2.07740.012 2.3171 1.349 62. 4.
(2.98) (3.72) (1. 40)
Chi Ak 14.0/ 4.690+0.028 2.994+0. 029 2.1914:0.054 2.147| 1.366 65. 4.
(i.60) (2. 56) (6. 59)
BARLEY
Kang-bori 12.0, 7.72040.180 3.2424-0, 095 2. 6404 0. 086 2.924] 1,228 46,0
(5.22) (6. 53) (7.26)
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10-24-3.0182X10-"M

12,01 8.226+0.434 3.2684+0.122 2.624+0.121 | 3.135; 1. 245 44,2
(11.79) (8.37) (10.31) |

All-bori 12.0 8.596+0.193 3. 606+0. 091 2.876+0. 121 2.928] 1,228 42.6
(5.0 (5. 62) (9. 39)

Jo Kang 12.0f 7.5704+0.263 3.160+0. 111 2.452+0.982 3.037] 1.289 47.3
7.77 (7.89) (7. 46)

WHEAT

Nai-mill 11.5] 6.744+0.094 | 3.524+0,054 | 3.146+0.045 | 2.144) 1.120 0.3
C(3.11) (3. 40) (3.18)

Sae-mill 11.5] 6.384+0.111 3.534+0. 069 3.0404+0.165 | 2.100 1.163 62.2
(3.88) (4. 38) (5. 40)

Su Weon 215 11.5] 6. 3461;0. 088 3.44640.108 2. 86640, 046 2.214| 1,202 61.0
(3.09) A (3.61)

All-mill 11.5] 6.570+0. 265 3.4444-0.072 2.9704+0.070 | 2.212 1.16C 58. 8
(9. 01) (4.70) (5.28)

Jo Kwang 1.5 6.09840.101 | 3.330+0.128 | 2.836+0.093 | 2.150 1. 17z 0. 8
N ¢ (8.63) (7. 34)
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Pung San Kw=2.2730x 0. 94550
10-4-13. 4925 % 10-"M
(Japonica)
Sam Nam Kw=2.0996x 0. 97387
10-%4-3. 4407 X 10-"M
Akyebare Kw=1.9974% 0. 90313
10-5-4-2. 8284 X 10-™™M
Chi Ak Kw=2,1814X 0. 87195
10-54-2, 5823 % 10~'M
Kw; Kernel weight, kg.
M; Moisture content, % (w.b.)
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QA : Seo Kwang
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X E : Chu Pung
Fig. 3. Effect of moisture content on kernel

weight of brown rice (Indica, Japo-
nica).

Table-3. Regression equation for kernel we-
ight of brown rice as a function
of moisture content.

Chi Ak Kw=1.6785x 10"

+3.1739x10"M

0. 96741

Kw; Kernel weight, kg.
M ; Moisture content, % (w.b.)
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xC : Jo Kang
AD : Kang bori
Fig. 4. Effect of moisture content on kernel
weight of barely.

Table-4. Regression equation for kernel we-
ight of barely as a function of
moisture content,

Variety Regression eq. R?

(Indica)

Seo Kwang Kw=1.8030x10-% 0.97364
+3.1320X 10-"M

Chu Pung Kw=1.4367x10-% 0. 96934
+2.7286X 10"

(Japonica)

Sam Nam Kw=1.7450:X10~5 0. 98291
+3.4025% 10-"M

Akyebare Kw=1.6060%10-% 0. 88998

+£3.0387X 10-"M

Variety Regression eq. R
Kang-bori Kw=2.5615x10-% 0.94133
+4.0030x 10-"M
All-bori Kw=2.7701 105 0. 98989
+3.4359%x10-™™
Bu Nong Kw=23.0223x10-% Q. 76547
+4. 1369 10-"M
Jo Kang Kw=2.6141x10~5 0. 86157

+4.0765X10-™M

Kw; Kernel weight, kg.
M; Moisture content, % (w.b.)
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Fig. 5. Effect of meisture content on kernel
weight of wheat.

Table-5. Regression eqnation for kernel we-
ight of wheat as a function of
moisture content.

Variety Regression eq. R?
Nai-mill Kw=3.9475%x10~® 0. 93289
+4-5.5035% 10-"M
All-mill Kw=3.3843x107" 0. 94942
+5.8150x 10-"M
Sae-mill Kw=3.8413x10-% 0. 94938
+6. 1241 X 10-™M
Su Weon 215 Kw=3.4468x10-° 0.94282
45,6208 X 10-™
Jo Kwang Kw=2.9773X10-* 0.94272

+4. 2877 X 10-"™M

Kw; Kernel weight, kg.
M; Moisture content, % (w.b.)
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¢ D : Tai Back
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Fig. 6. Effect ofmoisture content on kermel
volume of rough rice (Indica)

Table-6. Regression eguation of kernel vo-
lume of rough rice as a function
of moisture content.

Variety Regression eq. R

(Indica)

Kwem Kang Kv=2.0014x10-% 0. 95010
% 1.8831xX10-°M

Seo Kwang Kv=2.1331x10-% 0. 85953
41,8122 10-1*M

Chu Pung Kv=1.7487x10~* 0. 94451

+1.6115x10-*M
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Tai Back Kv=1.9030x10- 0. 93000 (Japonica)
—10i
+1.5323x 10-M Sam Nam  Kv=1.2052x10-* 0. 59447
Pung San Kv=2.1001x10-% 0.93358 +2.7214%x10-*M
1.81 ~10}
. +1. 8118107 M Akyebare  Kv=1.0576x10~  0.89755
(Japonica) +2. 7906 X 10-*M
Sam Nam Kv=2.0084 x10-¢ 0.95312 Chi Ak Kv=1.1186X10~% 0.96138
+1.7487 x 10-1M 2. 9244 x 10-1°M
Akyebare E{l_\;=4 LJgrsxioe 095026 Kv: Kernel volume, m*
) ) M; Moisture content, % (w.h.)
Chi Ak Kv=1.9630x 10-% 0.91294
+1.4142x10-1°M
= 2.5
Kv; Kernel volume, m® —
M; Moisture content, % (w.b.) ':{3
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L__é . , ; QA : Seo Kwang
],0 14 18 , 22 26 [JB: Sam Nam
Moisture content, % (w.b.) AC : Chi Ak
oD ; Akyebare
OA :Sam Nam XE : Chu Pung
B : Chi Ak Fig. 8. Effect of moisture content on kernel

X C : Akyebare

Fig. 7. Effect of moisture content on kernel
volumwe of rough rice (Japonica).
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volume of brown rice (Indica, Japo-
nica).
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Table-8. Regression equation for kernel vo-

Table-7. Regression equation for kernel vol-
lume of brown rice as a function

of moisture content.

lame of barely as a function of
moisture content.

Variety Regression eq. R?
Variety Regression eq. R?
Kang-bori Kv=1.8544x10-* 0. 95617
(Indica) -+4.1028 X 10-1°M
Seo Kwang Kv=1.2249x10"* 0. 97456 All-bori Kv=2,0611x10-2 0. 98770
4-2. 8216 X 10-*°M +-3.7564 x 10-1*M
Chu Pung Kv=8.6746x10-¢ 0. 84019 Bu Nong Kv=2.2277x10-* 0. 88285

+3. 0442 % 10-19M
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Kv=1.8989 10~
-+4. 2587 X 10-**M

Jo Kang 0. 93646

Kv; Kernel volume, m?
M; Moisture content, % (w.b.)
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EﬁA : Bu Nong
OB : All-borl
xC : Jo Kang

AD : Kang-bori
Fig. 9. Effect of moisturé coritent on kernel
volume of barely.
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Table-9. Regression equation for kernel vo-

lume of wheat as a function of
moisture content.

Variety Regression eq. R

Nai-mill Kv=2.8025%10"8 0. 95461
5. 0882 10-*M

All-mill Kv=2.5152x10-® 0.93937
4. 6927 X 10-*M

Sae-mill Kv=2.7059x10~® 0. 93733
5. 4623 % 10-1M

Su Weon 215 Kv=2.4712X10-8 0.92912
+4.9721 X 10—*M

Jo-Kwang Kv=2.2201x10-% 0. 94014

+-3.9020 X 10-*°M

Kv; Kernel volume, m?
M; Moisture content, % (w.b.)
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Fig. 10. Effect of mojstite confent on ker-
nel volume of wheat.
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Table-10. Eipdlieﬁfiél equ#tions;. for volume of grain kernel as a function of length, width

and thickness of grain.

Grains | (%;.\S.b‘-) Exponeﬁtig.}gﬁrggﬁa’tjoés ) I R?

ROUGH RICE o

Indica 15.0 Kv=0.9834 [Lioas0 Ty.sr4 T-1.0800 0.9123

Japonica 15.0 Kv=0.6697 Ltz yosiss T-o1om 0. 9661
BROWN RICE

Indica 14.3 Kv=9.6507 L0158 o.2:45 To.os0a 0. 9401
Japonica 14.0 Kv=3.0217 Louer Whoeseo T-1.1sed 0. 9776
BARLEY 12.0 Kv=3.8950 L0z yo-esu4 T-o.ss01 0. 9912
WHEAT 1.5 Kv=0.2346 Lo Vo011 To.s228 0.9714

Note; Kv=Volume, 10-°m?
L=Length, 10-*m
W =Width, 10-*m
T =Thickness, 10-*m

‘Table-11. Exponential equations for volume of grain kernel as a function of weight of grain

kernel.
Grai M.C . : 2
rains (%,w.b.) Exponential equations R
ROUGH RICE
Indica 1028 Kv=9.9658x10-* Go-s7e8 0. 9999
Japonica 10—28 Kv=1.7969x 108 Go-9s88 0. 9998
BROWN RICE
Indica 10—28 Kv=50.0368Xx10-%* (G-0003 0. 9947
Japonica 10—28 Kv=13.1485x10-% G- 0. 9996
BARLEY 10—28 Kv=2.3646x10"? G398 0. 9999
WHEAT 10—28 Kv=5.9785x10-2 (G lez082 0. 9999
Note: Kv=Volume of grain kernel, m*
G=Weight of grain kernel, kg.
Table-12. Correlation coefficients between Japonica | 15.00.88220. 73650. 1228 48.1
dimensions and volume of grains BROWN RICE\ l l
Indica 14. 3i0. 8455/0. 9126{0. 3177 52.8
. M.C Volume Sphe- Japonica 14. 0[0. 5845(0. 9149(0. 6239, 62.9
Grains (%, e T JThic| Ticity
b eg-t thidth' knlé:s-s (%) BARLEY 12. 0[0. 91980. 7980i0. 67070 45.0
. T WHEAT 11. 5{0. 8463.0. 9538:0. 9229 60. 6
‘ROUGH RICE ‘ [ ' | |
Indica 15. 0[0. 5503}0. 5190]0. 1711 42.2
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