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Table-1, Equilibrium moisture contents and dimensions of brown rice and milled rice
relative equilibrium  grain size(mm) volume  specific
type humidity m. C. weight gravity
(%) (% wb) (mg) X v z (mm?)
97 20.1 22.52 5.07 2.88 2.17 16.57 1.36
75 15.1 22.05 5.05 2.85 2.14 16.08 1.37
brown
e 53 10.7 21.39 5.04 2.81 2.08 15.43 1.39
i
33 9.7 20.95 4.97 2.79 2.07 15.04 1.39
12 7.1 20.27 4.92 2.78 1.99 14.29 1.42
94 200 19.43 4.95 2.86 2.06 15.24 1.27
i 75 14.7 19.37 4.85 2.80 2.01 14.24 1.36
milled
rice 53 11.0 18.63 4.72 2.72 2.00 13.46 1.38
33 10.1 18.21 4.64 2.69 1.95 12.72 1.42
12 7.1 17.33 4.61 2.71 1.97 12.96 1.34
5. 1] . temperature :20°C
5.0 X-axis relative humidity :85%
: (Fuj iminori)
4.9 1k
brown rice
4. 8F
4.7 gﬁg‘ -2k
4.6k {O :brown rice JL milled rice
: _ =S
O:milled rice = 5
L= T “r coefficient
E 29 y-axis a k
2.8k 4l 0.88__ 0.15
5 0.77___0.22
£2.7 e
- 2 4 6 8 10 12 14
2. 6‘: time (h)
2.1 z-axis Fig. 2. Coefficient of absorption rate of brown rice
2. ok and milled rice
1. 9f " P
L L L . L SERGERIL 0.0146(% db)~ L H#EGE S h, BEADORS
20 40 60 80 100

relative humidity (%)

Fig. 1. Relation between relative humidity and
size of rice kernel
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Fig, 3. Test piece for measuring moisture expan-
sion
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Table-2. Hygrascopic expansion of pericarp and endosperm of rice kernels

: : coefficint of t-test
variety part* d1(r:§_t51;) o expansion o 10@(—0/@3'3)_1 for mean
1 x1072(%db)"! 4 difference
@) I X 0.43 0=1.475
Kiyonishiki 0.74 >t(9 02)
@) 0} " 0.34
@O I X 0.38 0=2.497
Fujiminori 0.97 >t (10, 0.1 )
® (0) I 0.28
@ 1 x 0.36 to=4.237
Kiyonishiki 0.79 >t (19, 0.01)
® (0} " 0.28
D x 0.32 »=0.814
" (0) 0.34 <t (10, 0.2 )
0] y 0.28
@ X 0.35 to=0.344
" (¢} 0.21 <t(702)
® vy 0.33

*1 ; inner part (endosperm), O ; outer part (pericarp)
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Fig, 5. Change of moisture content and absorption
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Fig, 6. Absorption rate on the unit area of embryo
and pericarp of brown rice
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Table-3. Experimental conditions

initial m. c. ambient difference between
test No. type i. m. ¢. and
(%wb) temp(C) r. h.(%) equilibrium m. c.
brown rice 14,5 20 94 + 54 (+58%)
20 75 + 04 (+40.5)
I* 20 53 — 4.0 (-32)
milled rice 14.5 20 33 — 5.0 (—4.2)
20 11 - 7.7 (=17.1)
. 20 26 36 —10.1
brown rice
11 /] ” — 0.7
il
20 — 9.
milled rice ! " ?
11 " " — 06
. 10 26 98 +14.3
brown rice
7 " " +17.0
|
) 10 " " +14.0
milled rice
7 n " +17.0

*1 T ; tested in desicator, [[, Il ; tested in thermo hygrostate

" *2 difference in milled rice

sof- ' r.h. 1943 (m.r.)

70¢
final cracked rice percentage
60 r.h. b. r. m.r.
94% 11% 100%
75 1 18
50f 53 1 1
33 1 2
12 0 21

r.h. :12%(m.1.)

X

cracked rice percentage (%)
' =
(=]

o, —_—0
r.h. :75%(m.r.)

—
(=}

r.h. :94%(b.r.)

10 20 30 40 50
time (h)

Fig. 7. Change of cracked rice percentage during
drying and wetting
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Fig, 8. A example of drying crack
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Summary

In this paper, the moisture characteristics of
pericarp and endosperm of rice was investigated
experimentally, and the mechanism of cracking
generation in rice kernels during drying and wetting
was analyzed.

1. The equilibrium moisture content of brown
rice and milled rice was nearly equal at each relative
humidity in the environment. The absorption rate of
milled rice was 1.5 times more than that of brown
rice.

2. The coefficients of moisture expansion (or
shrinkage) of endosperm and pericarp were 0.36~
0.43%x10°%2/% db and 0.28~0.34x1072/% db along x
axis respectively, and the former was satisfactorily

higher than the latter.
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3. The absorption rate of embryo was 2~6 times
lager than that of pericarp. It was estimated that the
moisture absorption of 11~27% in brown rice was
depended on the embryo.

4, In the wetting process, the cracks of brown
rice and milled rice were formed’at the center of
kernels where the tensile stress was generated by
expansion of surface layer.

In the drying process, the cracks were generated
at the surface of kernels in milled rice, and at the
center of ones in brown rice.

5. It was shown that the main cause of stress
cracking formation during drying and wetting was the
unequal shrinking (or expanding) of endosperm and

pericarp.
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