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ABSTRACT On the purpose to improve the milling efficiency
as well as head-rice percentage after milling, an experiment
to improve the removal ability of immature kernels in the
immature brown rice separator (IBRS) was performed focused
on varietal characteristics. The removal ability of immature
grains by the IBRS was absolutely depending on kernel
thickness of brown rice. The kernel thickness of the tested
rice varieties distributed from 1.79 mm in Nonganbyeo to
2.16 mm in Daeribbyeo 1. Although there were some variation
among rice varieties, it was roughly suggested that the suitable
sieve-slit widths for good separation of the immature kernels
were 1.9 mm for the varieties thicker than 2.08 mm in thickness,
1.8 mm for the varieties with 2.00-2.08 mm thickness, 1.7 mm
for the varieties with 1.90-2.00 mm thickness, and 1.60-1.65
mm for the varieties thinner than 1.7 mm. It was found out
that the higher the proportions of immature kernels in brown
rice, the more conspicuous the improvement of milling
efficiency as well as head rice rates by their removals. With
increasing the sieve slit-widths beyond an optimum range,
the losses of mature grains increased sharply. For effective
separation of immature kernels, it was suggested that the
optimum sieve-slit width should be set up depending on both
of the kernel thickness and the critical loss limit of mature
kernel.
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Table 1. List of rice varieties tested.
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Rice variety name

No. of varieties

Chucheongbyeo, Saechucheongbyeo, Sampyeongbyeo, Seokjeongbyeo, Shindongjinbyeo, Ilmibyeo,
Saegyehwabyeo, Juanbyeo, Junambyeo, Ilpumbyeo, Samkwangbyeo, Hwa-seongbyeo, Odaebyeo,

Taebongbyeo, Sangjubyeo, Saesangjubyeo, Jungsanbyeo, Hojin-byeo, Daeripbyeo 1, Yangjobyeo,

39

Samdeokbyeo, Daepyeongbyeo, Yeonganbyeo, Pyeong-anbyeo, Seopyeongbyeo, Sangokbyeo,
Taeseongbyeo, Hwarangbyeo, Manmibyeo, Man-weolbyeo, Hopyeongbyeo, Manhobyeo, Jinpumbyeo,
Nonganbyeo, Geumanbyeo, Nam -ilbyeo, Joanbyeo, Naepungbyeo, Sobibyeo

Immature grain separator

, 4”/,’/’/,’,’1,!,”1,!'1,1[\\‘u\\\\
1" “

it
nhhih
ittt

Separation sieve

Fig. 1. Pictures of immature grain separator and separation sieve.



(9,1
()
(=)
o
o
i
il
U
>
oo
SL
s
it
)
o
u
=)
ol
ol
o
e
o
ol
)
A

w7 ARSIl S~63] W =R 5 o]
912 L7 mm AR AA HuE Heska g un)
dojo] o] dfat MEgE Ueila, Hvge
AN Helg Hnlgee Avgw] o
2 BABGON, EARS ARLT FuL

Optimum sieve—slit width for effective removal of immature rice kernels 359

2]

el ofN

oA IS ol
go Mo mo mo 1=

I
ol
-

10002 e dojdl =212 FASHIT
Wujo] FHHL INE O o|RoH e, = F o

A W] % s0g#) Fsto] %R Algo] &
BAAE, dep), s, AlEE gds] Held
Ao g o] Fapol vig WEER HA
A 2 AT 8714 L ARARY AEe

.

0

7_1L

AE

O

2

lo

U

N e

Microsoft Excelol| A A Ydl= 715 AF&39I)

Fig. 2= & A

% ]
=g rt
H st T e HELS 2ARE 410 AB(Fig.
% =]
=g REA

ml

15

ol
o

B -

P oot > &
_1

Loy o N
N e 1o e [N oft o o &

O
-

Frequency of grains (%)

o ™

S~
el

nE
=
W
o
2
N
ot
)
offt
)
my
o

50

© 4n N

e REI R L
v, S, SE, 4
AE 7oz

o

<

L

=)
ooy o

2

O3

b B
& oz o -

<l
K
2

ofd
B g
Iy

my o
o

o o o o\
E > 02
o~ ML o

AL

1 rlo

4
[
tr

&

o

)

Sis

tl

1o

.

i

=

o

4N H
o o

J

P

O )

2,

o

4
N

1o r
4
X,

iz

X
N
N
o £%
rlo
1B
=2
anj
d
=)
ot rlo 4

g Mo o
B[
)
Kn)
52
rlo
i

o
o

I omd A ot
[

&
2
a=)

£ X o

i

2

s}
o £ g
N
Mr b do
SN ST

r
N,
rir
ol
r:Ll
o
ol
)
il
ofN
jakad
o

20 H

30

—*-Odaebyeo

& Hwaseongbyeo

& Juanbyeo

—&~ Chucheongbyeo
L| ==~ llpumbyeo
-=-Shindongjinbyeo

-©-Junambyeo

[ -£-Samkwangbyeo

1.9 21
Kernel thickness (mm)

2 0.08-0.14 mm W] RS HAL Hat H 7
£ 7IEoR FF52 BFohe 1 2.00-2.05 mm H¢]of

Vg e % 47h REST

MR = 37| W 22|A1ZH] T2 = 22|80 = 22|
snjol =M

Table 2= LFH et FAH FvlE tiF22 AEA A
i A7) AR geste] EEfells Wl dv| YRy
Aol Higt Al & &3 dulAle] vES AR = Zele
o EeE due 24e yehd Zlojth. dEH ek 24
BEol A BRI A = A717F AR, ARkl 2o

des 2 Z2leo] Skt ARt Al = 2717F A4
ol AAA =Y e dnj 24o] A wEt
F57 Hheol g2 Y

L7 mm A& AEHE o LEB2 A5 LA 20x
oA &0l 1.8% Ao 3RO g HP 3.8%EA 2
o o] Sk Wbl 2| dvl S AsHe vE2 2
Hept giglen, F4we) Fee dFHo vis) 2 2
o = Zelgo] 202 w8l 3E Z U= 4
A S7Re vhdof &2 dulu A=) e
He7E i

1.8 mm &v] AEAM= dEFH el = £2&0] 202
b2 Al9] 2.6%0014 32 £3F 242 5.8%= o 2|
57F o2 1.7 mm Ao A2 EfAzt] whg =
gl 7 vsshiloy 24 Avlgd Asd Hle
| AR 1202 o] e F43] F7hE e, A8
o e 2t mE = Eele] Skl 1.7 mm
AlolM o] S7HEEY E9HE UL dsd dul vlee 2
2AIZE 2025 A et

L9 mm FujdBA A= dEHE A5 2027t
oA = Z2l&°] 83%2AM 173 1.8 mmojA 5

N

c

(]

e

[*]

2|
2]

Mr H{o

Frequency of varieties (%)

P B PP PP

1.8 1.9 20 21 22

Mean thickness of brown rice (mm)

Fig. 2. Frequencies of rice grains and varieties based on the thickness of brown rice.
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Table 2. Gross separation rates of brown rice with the sieve-slit widths and separation times in Ilpumbyeo and ChucheongbyeoT,
and compositions of the separated-grains.

Sieve Separa Ilpumbyeo Chucheongbyeo
slit -tion Gross Composition of Gross Composition of
width time separation rate separated-grain (%) separation separated-grain (%)
(mm) (sec) (%) Immature Mature rate (%) Immature Mature
20 1.8 99.7 0.3 0.5 99.3 0.7
17 60 2.4 99.6 0.4 0.6 99.3 0.7
’ 120 3.1 99.2 0.8 0.8 98.8 1.2
180 3.8 99.6 0.4 0.9 99.2 0.8
20 2.6 99.2 0.8 0.9 96.7 3.3
13 60 4.0 99.1 0.9 1.1 97.2 2.8
’ 120 5.0 97.6 2.4 1.3 92.1 7.9
180 5.8 97.1 2.9 1.4 93.3 6.7
20 8.3 86.1 13.9 2.7 71.7 28.3
19 60 10.9 84.7 15.3 3.1 64.0 36.0
’ 120 12.1 85.6 14.4 3.9 65.8 342
180 14.1 82.1 17.9 4.5 55.8 44.2

" Brown rice yields : 83.6% in Ilpumbyeo and 82.5% in Chucheongbyeo, which were harvested in 2004

Table 3. Milling properties of the brown rice after separation of immature grains at different separation conditions and their
milled rice composition.

Separation Small  Milling rate Milling rate Composition of milled rice (%)
condition
Variety Slit- Seper br(?ken based % based $

. S rice on BR on RR Head Chalky Broken Damaged

width time (%) (%) (%) rice rice rice rice

(mm) (sec)

Ilpumbyeo 1.7 20 0.15 90.4 74.3 66.6 30.4 2.1 09

60 0.12 90.6 73.9 69.5 26.9 2.5 1.1

120 0.09 90.8 73.6 74.5 22.5 2.1 09

180 0.08 90.9 73.2 76.4 20.3 2.3 1.0

1.8 20 0.07 90.7 73.9 63.3 34.2 1.8 0.7

60 0.07 90.6 72.8 70.3 27.5 1.6 0.6

120 0.04 90.9 72.3 77.5 20.2 1.5 0.7

180 0.04 91.0 71.7 79.6 18.0 1.6 0.8

1.9 20 0.04 91.2 70.0 79.7 17.7 1.7 09

60 0.03 91.4 68.1 84.0 13.7 14 09

120 0.02 91.4 67.2 84.1 13.3 1.6 1.0

180 0.02 91.5 65.7 81.6 16.0 1.6 0.8

Chucheong 1.7 20 0.06 91.1 74.8 87.7 10.0 14 1.0

-byeo 60 0.06 91.3 75.0 90.0 7.4 1.2 1.4

120 0.05 91.6 75.0 90.8 6.5 1.2 1.5

180 0.05 91.4 74.8 91.3 6.3 1.1 1.3

1.8 20 0.06 91.2 74.6 88.7 8.4 1.6 1.4

60 0.04 91.3 74.6 89.6 7.6 1.5 1.4

120 0.05 91.4 74.5 89.2 8.4 1.3 1.1

180 0.04 91.5 74.4 87.2 10.5 1.3 09

1.9 20 0.05 91.5 73.2 88.1 9.5 14 1.1

60 0.04 91.4 73.1 89.0 8.8 1.3 09

120 0.03 91.4 72.5 89.8 7.9 14 09

180 0.03 91.4 72.1 91.2 6.6 1.3 0.9

Brown rice yields : 83.6% in Ilpumbyeo and 82.5% in Chucheongbyeo, which were harvested in 2004
BR: Brown rice, RR: Rough rice
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Table 4. Gross separation rates and mature kernel losses according to sieve-slit width at different rice varieties (Separation time

: 1 min).
Kernel 1000  Gross separation rate with the sieve-slit Loss of mature kernels
. thick grain width (%) with the sieve-slit width (%)
Variety -ness weight
1.7mm 1.8mm 1.9mm 2.0mm 1.7mm 1.8mm 1.9mm 2.0mm
(mm) (€9)
Daripbyeo 1 2.16 35.2 0.6 1.0 2.2 4.0 0.0 0.1 0.2 0.5
Odaebyeo 2.11 25.9 0.7 1.4 3.1 5.6 0.0 0.1 0.4 1.3
Daepyeongbyeo 2.09 23.0 0.3 0.4 1.1 3.6 0.0 0.1 0.4 2.0
Taeseongbyeo 2.08 23.8 0.4 0.7 1.1 2.4 0.0 0.1 0.4 1.0
Manweolbyeo 2.08 249 0.4 0.8 1.2 2.7 0.0 0.0 0.2 1.2
Manmibyeo 2.07 22.2 0.9 1.6 43 10.3 0.0 0.3 1.1 6.3
Seopyeongbyeo 2.07 253 0.5 0.9 2.3 4.6 0.0 0.1 0.8 2.3
Yangjobyeo 2.06 26.5 0.3 0.5 1.1 2.4 0.0 0.0 0.3 0.8
Taebongbyeo 2.06 22.0 0.8 1.7 33 6.0 0.0 0.2 0.7 2.2
Joanbyeo 2.05 22.8 0.4 0.7 1.4 3.1 0.0 0.1 0.3 0.9
Namilbyeo 2.05 26.8 0.8 1.8 4.2 9.7 0.0 0.2 1.3 3.8
Junambyeo 2.04 24.1 0.2 0.4 1.4 4.0 0.0 0.0 0.6 3.1
Sobibyeo 2.04 29.1 1.0 2.0 4.7 9.0 0.1 0.2 0.8 2.8
Hwaseongbyeo 2.03 23.5 0.4 1.0 2.9 6.6 0.1 0.2 1.8 4.0
Yeonganbyeo 2.03 23.6 0.3 0.5 1.9 6.0 0.1 0.1 1.4 43
Juanbyeo 2.03 23.2 0.8 1.9 5.4 10.6 0.0 0.4 2.8 8.0
Sampyeongbyeo 2.02 25.5 0.3 0.6 1.9 5.5 0.0 0.1 0.9 3.6
Shindongjinbyeo 2.02 28.8 0.4 0.8 2.5 6.0 0.0 0.1 0.7 33
Jinpumbyeo 2.02 23.7 0.3 0.5 1.3 4.6 0.0 0.1 0.5 33
Seokjeongbyeo 2.02 24.0 0.3 0.6 1.9 4.8 0.0 0.1 0.6 2.5
Saegyehwabyeo 2.02 22.8 0.8 1.2 2.6 6.4 0.0 0.0 0.3 3.1
Samdeokbyeo 2.01 23.0 0.4 0.8 2.5 7.0 0.0 0.1 1.1 5.1
Ilmibyeo 2.01 22.9 0.3 0.4 1.8 6.6 0.0 0.1 1.1 5.7
Saechucheongbyeo 2.00 22.2 0.3 0.6 2.4 7.3 0.0 0.1 1.4 5.4
Sangjubyeo 2.00 21.3 1.5 32 8.9 18.9 0.0 1.0 5.0 12.7
Hwarangbyeo 2.00 24.1 0.5 0.7 2.2 5.8 0.0 0.0 0.7 3.9
Manhobyeo 1.99 23.1 0.9 1.9 5.3 12.8 0.0 0.4 1.4 8.5
Ilpumbyeo 1.98 23.1 1.0 2.1 53 12.6 0.0 0.3 1.4 6.4
Jungsanbyeo 1.98 22.3 1.1 2.9 8.6 18.0 0.2 1.1 4.5 12.7
Samkwangbyeo 1.97 23.1 0.9 2.0 5.6 13.6 0.0 0.1 1.9 8.6
Pyeonganbyeo 1.97 28.0 0.6 1.5 5.0 11.6 0.1 0.1 1.8 7.0
Naepungbyeo 1.96 21.2 1.0 2.0 7.2 259 0.0 0.2 4.0 22.5
Saesangjubyeo 1.95 22.4 3.1 6.5 15.7 28.7 0.1 1.7 4.0 11.3
Sangokbyeo 1.95 22.3 0.8 1.7 4.5 29.1 0.0 0.2 1.2 18.4
Hojinbyeo 1.93 22.2 1.0 2.3 7.7 22.6 0.2 0.5 5.7 19.0
Hopyeongbyeo 1.92 22.3 1.2 2.5 8.8 21.6 0.3 1.1 4.5 17.8
Chucheongbyeo 1.91 21.5 0.6 1.3 4.9 14.4 0.0 0.2 32 12.4
Geumanbyeo 1.90 22.0 1.5 3.9 16.1 47.8 0.3 22 9.8 45.1
Nonganbyeo 1.79 19.5 12.0 343 73.5 94.3 7.9 23.5 58.9 73.1
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Fig 3. A photograph of the brown rice kernels passed through the different slit-sized sieves.
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Table 5. The optimum sieve slit-widths for separation of the immature brown rice to different thickness of rice varieties with

the loss of mature grains less than 0.1%.

Sieve slit-width Thickness of BR

Recommendable rice varieties

(mm) (mm)

1.60 < 1.90 Nonganbyeo

1.65 1.90~2.00 Jungsanbyeo, Hojinbyeo, Hopyeongbyeo, Geumanbyeo
Manmibyeo, Taebongbyeo, Namilbyeo, Sobibyeo, Hwaseongbyeo, Juanbyeo,

1.70 2.00~2.08 Naepungbyeo, Saesangjubyeo, Sangokbyeo, Chucheong -byeo, Sangjubyeo, Manhobyeo,
Ilpumbyeo
Daeripbyeo 1, Odaebyeo, Daepyeongbyeo, Taeseongbyeo, Manweol -byeo,

1.80 208 < Seopyeongbyeo, Yangjobyeo, Joanbyeo, Junambyeo, Yeong -anbyeo, Sampyeongbyeo,

Shindongjinbyeo, Jinpumbyeo, Seokjeong -byeo, Saegyehwabyeo, Samdeokbyeo,
Ilmibyeo, Saechucheong -byeo, Hwarangbyeo, Samkwangbyeo, Pyeonganbyeo

Table 6. The optimum sieve slit-widths for separation of the immature brown rice to different thickness of rice varieties with

the loss of mature grains less than 0.5%.

Sieve slit width Thickness of BR

Recommendable rice varieties

(mm) (mm)

1.60 < 1.90 Nonganbyeo

1.70 1.90~1.96 Sangjubyeo, Jungsanbyoe, Saesangjubyoe, Hojinbyeo, Hopyeong-byoe, Geumanbyeo
Manmibyeo, Seopyeongbyeo, Taebongbyeo, Namilbyeo, Junambyeo, Sobibyeo,
Hwaseongbyeo, Yeonganbyeo, Juanbyeo, Sampyeong -byeo, Shindongjinbyeo,

1.80 1.96~2.08 Jinpumbyeo, Seokjeongbyeo, Samdeokbyeo, [lmibyeo, Saechucheongbyeo, Hwarangbyeo,
Manhobyeo, Ilpum -byeo, Samkwangbyeo, Pyeonganbyeo, Naepungbyoe, Sangokbyoe,
Chucheongbyeo

1.90 208 < Daeripbyoe 1, Odaebyeo, Daepyeongbyeo, Taeseongbyeo, Manweol -byeo, Yangjobyeo,

Joanbyeo, Saegyehwabyeo,
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