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Effects of Physical Properties of Brown Rice on
Milling Characteristics
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Table 1. Physical properties of brown rice (experiment 2)
Bpgimenc  Molstwre  mper. Gracking Crusbing Faupacd T2 Siorege
(% w.b.) tC) (kgf) (kgf) (mg-KOH) (%) (months)
2-1 15.88 20.0 6.8 77 20.5 97.8 2
2-2 11,71 20.0 11.0 119 — — 2
2-3 15.93 —5.0 9.5 9.9 20.6 97.4 4
2-4 15,93 5.0 8.7 9.2 20.6 97.4 4
2-5 15,93 20.0 6.7 7.5 20.6 974 4
2-6 15.98 30.0 54 6.6 244 92.8 9
2-7 15.14 20.0 70 8.0 33.2 52.6 11
1kgf=9.8N.
TZ. value: Tripheny! tetrazolium chloride value.

Fatty acid values and Triphenyl tetrazolium chloride values were determined in accordance with

AACC methods.
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Table 2. Moisture contents of brown rice which were surveyed
at a rice milling plant (% w.b.)
' Nov. 4 Dec. 7 _Jul. 3 Aug. 18 Feb. 7 Jul. 21

. Survey date 1978 1978 1979 1979 1980 1980
Average of M.C. - 15,60 15.49 16.03 15.88 16.25 15.58
Standard division 0.53 0.31 0.66 0.40 0.33 0.48
Maximum of M.C. 16,57 1591 16.28 11653 16.77 16.49
Production place Hokkaido Yamagata Yamagata Hokkaido Aomori Miyagi
Production year 1978 1977 1978 1978 1979 1979
Rice variety Tomoyutaka Kiyonishiki Sasanishiki Yuukara Mutsuhonami Sasanishiki
Rice grade 2 3* 1 2 1 1
Minimum of M.C. 14.69 14,98 1542 14.91 15.71 14.95
Production place  Hokkaido Toyama Hokkaido
Production year 1978 1977 Same Same 1979 Same
Rice variety Ishikari Koshihikari above above Ishikari above
Rice grade 1 2% 2

*: Old standard.

Moisture contents were determined in accordance with SAMTJ (The Society of Agricultural Machinery
Japan) methods (1975) by drying whole kernel of about 10g for 24h. in a oven at 135°C (2°C) and

calculated on a wet basis.

Table 3. Temperatures of brown rice which were surveyed
at a rice milling plant (°C)
Dec. 21 May 7 Jan. 8 Feb. 7 Jul. 21 Mar. 5
Survey date 1979 1979 1980 1980 1980 1982
Open air temp. —45 14.3 —7.7 —54 241 1.1
Storehouse temp. 6.0 12.6 1.6 24 221 —
Average of kernel temp. 2.6 111 1.0 0.8 213 1.8
Standard division 1.87 0.37 2.20 1.08 0.51 1.62
Maximum of kernel temp. 49 11.8 3.2 1.9 22.4 4.1
Minimum of kernel temp. —09 10.4 —-3.0 —14 20.7 0.1
Table 4. Temperatures of milled rice on milling which were
surveyed at a rice milling plant (°C)
Dec. 21 Mar. 1 Aug. 18 Feb. 7 Jul. 21 Mar. 5
Survey date 1978 1979 1979 1980 1980 1982
Open air temp. —45 —25 285 —54 24.1 11
Milling plant temp. 234 221 270 23.8 255 20.0
Brown rice temp. 0.9 1.8 20.7 0.5 21.8 20.8*
Temp. just after a first mill 12,6 139 36.2 120 304 26.3
Temp. just after a second mill 211 19.9 40.3 17.9 37.2 323
Temp. just after a third mill 271 27.1 445 24.0 427 359
Temp. just after a fourth mill 30.9 315 51.6 295 447 375
Risen temp. from brown 300 297 21.9 290 229 16.7

rice to milled rice

*: Rice conditioning.
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Table 5. Milling characteristics of laboratory rice mills, -
Milling The abrasive type mill - The friction type mill
conditions T
Higher Finer Higher Higher Wider
Milling - roller roller brown rice . back feed gate
charactéristics e revolutions  meshes weights pressures  openings
Energy consumption D I 1 D D
Milling time o e D I D D D
Whiteness N — — — D D
[0} .
E Temperature ) D D I D D
I | Moisture content — D I I I
E Unstriped embryo rate D — I I D

Breakage —

D: Decrease.
I Increase.
—: Unrecognized.

Th-e abrasive type mill was a Satake Test Mill.

The friction type mill was a Satake Motor Onepass.
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(5IN) THb, K4 1L.71Y% oA ¥ Tz 110 kef
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Fig. 1 WHBEEIRCYS 2 5K KKy 0EBzon

F ABRASIVE TYPE MILL FRICTION TYPE MILL

2.0

" MOISTURE
1171 %

MOISTURE 11.71%

MQOISTURE
15.88%

MOISTURE 15.88%

0.0 : L t ! 1
100 95 90 100 95 N

DEGREE OF MILLING (%)

ELECTRIC ENERGY CONSUMPTION (kWh/ 60kg - BROWN RICE)

ig. 1. Effect of moisture content of brown rice
on electric energy consumption of mills.

o
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BoOMBENENH 124G, BEISBMSONRENE
PR3fE LT ot T bIKKS DE TR
FBREIMET L, Lo b PREIERRE B Clra B
IR G DIE T e 7 5 BRERRDIE T AN &
ol THITEKDOKSET A 5 HIE LR O IDIE

ABRASIVE TYPE MILL L_FRICTION TYPE MILL

ash

MOISTURE
nn %

0f- L

I- MOISTURE 11.71%

)

5|

30K

TEMPERATURE OF MILLED RICE (¢}

MOISTURE
15.88%

MOISTURFE
15.88%

1 1 L
100 95 90 100 95 90
DEGREE OF MILLING (%)

Fig. 2. Effect of moisture content of brown rice
on temperature of milled rice just after
milling.

Temperature of brown rice before milling
was 20°C.
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w
S
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20 2 ) 1
100 95 90 00 95 9‘0

DEGREE OF MILLING (%)

Fig. 3. Effect of moisture content of brown rice
on unstriped embryo rate of milled rice.

Unstriped embryo rates were determined in accord-
ance with procedures of the Food Agency.
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% 10.0t

pes

I CRUSHING HARDNESS
P

%

£ 7.5+

g

i CRACKING HARDNESS

[=)

E: B
= 50— 3 % 30

TEMPERATURE OF BROWN RICE (¢}

Fig. 4. Relationship between tempera-
ture of brown rice and hardness
of brown rice.

| ABRASIVE TYPE MILL JFRICTION TYPE MILLﬁ

H]
se /

ELECTRIC ENERGY CONSUMPTION (kWh/ 60kg - BROWN RICE)

. i A
00 95 90 100 95 90
DEGREE OF MILLING (%)

Fig. 5. Effect of temperature of brown rice on
electric energy consumption of mills.

40 -

ABRASIVE TYPE MILL FRICTION TYPE MILL

20¢

WHITENESS (%)

16

1 1
100 95 a0 00 9

&

30
DEGREE OF MILLING (%)
Fig. 6. Effect of temperature of brown rice on
whiteness of milled rice.
Whitenesses were measured by a whiteness meter

model “C-1” made by Kett Electric Laboratory.
Whiteness of brown rice was 16%.
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Table 6.

Temperatures and risen temperatures of milled rice (°C)

The abrasive type mill

The friction type mill

Brown rice

temperature Milled rice Risen Milled rice Risen
temperature temperature temperature temperature
-5 26 31 35 40
5 29 24 36 !
20 32 12 38 18
30 \ 34 4 41 11

Degree of milling was 91%.
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5
2
o
z 20 r
Z ABRASIVE TYPE MILL FRICTION TYPE MILL
&
g
3
SR 3 -
z 4 MONTHS
=z
=
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= Lo -
=2
W
=
[=3
(5]
>
o
=
o osf
Z .
2
o
5 11MONTHS
3 1LMONTHS
aoo0.0 ! 1 1 1
100 95 30 100 95 30
DEGREE OF MILLING (%)
Fig. 7. Effect of storage length of brown rice on

electric energy consumption of mills.

100,
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60]
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40

UNSTRIPED EMBRYO RATE (%)

2 ABRASIVE TYPE MILL FRICTION TYPE MILL
1 1

L
100 95 9 100 9% 90

DEGREE OF MILLING (%)

Fig. 8. Effect of storage length of brown rice on
unstriped embryo rate of milled rice.
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C o Y RO MBE DR, X 2k o R
Thb,

g
o
<

FRICTION TYPE MILL
Y=0.054X"—0.727X4-2.943**

® ARBRASIVE TYPE MILL
Y=0.061X+4-0.219**

ELECTRIC ENERGY CONSUMPTION (kWh/ 60kg - BROWN RICE)

0. () 1 1 )\
5.0 7.5 10.0 258

CRUSHING HARDNESS (kgf)
Tkl =9.8N
Fig. 9. Relationship between crushing hardness
of brown rice and electric energy con-
sumption of mills.
Degree of milling was 93%.
** indicates significance at 1% level.
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Summary

This study was conducted to determine reason-
able methods of rice milling. Some surveys have
been made to understand current situations of
milling plants and milling experiments have been
carried out to know milling characteristics of
laboratory mills and effects of physical properties
of brown rice on milling characteristics.

The results may be summarized as follows:

1. Roller revolutions, roller meshes and brown
rice weights were chosen as milling conditions for
the abrasive type mill and back pressures and feed
gate openings for the friction type mill, respec-
tively. With the milling conditions mentioned
above, electric energy consumptions and milling
times of mills and whitenesses, temperatures, mois-
ture contents and unstriped embryo rates of milled
rice varied, respectively (Table 5.).

2. Effects of physical properties of brown rice
such as moisture contents, temperatures and stor-
age length of brown rice on milling efficiency were
determined by measuring hardness of brown rice.
With increasing of hardness, electric energy con-
sumption and milling time were increased more
rapidly. From the result of the regression anal-
ysis, the relationships between hardness and elec-
tric energy consumption were indicated by a stra-
ight line for the abrasive type mill and by a second
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order curve for the friction type mill. Those were

Y = 0.061X+0.219 and
Y = 0.054X2—0.727X+2.943.

where Y=electric energy consumption of mills.
X =crushing hardness of brown rice.

3. Effect of temperature of brown rice on milling
efficiency was most significant and effect of mois-
ture content was significant to some extent, too.
However effect of storage length was not signifi-
cant.

4, When low temperature or low moisture con-

tent brown rice is milled at a rice milling plant
of which milling system consists of abrasive type
and friction type mills, it is considered reasonable
that the abrasive type mill should be operated for
longer time than usual operation to increase mill-
ing efficiency. However it is supposed that more
reasonable milling characteristics will be obtained
by heating or moistening brown rice before mill-
ing operation. This heating or moistening treat-
ment of brown rice is called rice conditioning.
It seems that adequate temperature is 20°C for
milling.



