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Table 1ic. LEBRIBTHVAATVLI Y R ARNSEREE (Compass rice
mnilling unit) OHFEERL E.

Table 1. Specifications of commercial rice milling systen
(Compass rice milling unit). :

Model CP4 Model CP6
A, B and C type A and B type

Power Power
HP kW rpm HP kW rpm

Ist (Abrasive type) mill 15 11 900 30 22 870
1st (Abrasive type) mill* 20%  15% 1100% 30 22  1100%
2nd (Friction type) mill 25 18 700 50 37 680
3rd (Friction type) mill 20 15 670 40 29 620
4th (Friction type) mill 15 11 670 30 22 620

Total power, HP 75 55 150 110
Total power, HP* 80% 59% 150 110

Processing capacity,
Ton/Hour (brown rice) from 4 to 4.5 from 6 to 8

¥ indicates special model for a cold district such as
Hokkaido.
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Table 2. Brown rice temperature measured at two rice milling plants, °C.

Dec.21 Mar.15 May 7 Jan.8 Mar.7 Jul.21 Mar.5 Jul.16

Survey daté 1978 1979 1979 1980 1980 1980 1982 1982
Survey place HRSK HRSK HRSK HRSK HRSK HRSK HRSO HRSO
Open air temperature =45 -1.1 14.3 =7.7 5.9 Rh 1 1.1 19.2
Storehouse temp. 6.0 3.1 12.6 1.6 47 2241 - -

Ave. of kernel temp. 2.6 3.1 11.1 1.0 3.3 21.3 1.8  23.2
Standard deviation 1.87 1.54 0.37 2.20 0.56 0.51 1.62 1.85
Max. of kernel temp. 4.9 7.0 11.8 3.2 beb RR.4 4ol 26.2
Min. of kernel temp. -0.9 0.5 10.4 -3.0 2.3 20.7 0.1 21.0

HRSK=Hokuren Sapporo Rice Station at Kikusui, HRSO=Hokuren Sapporo‘ Rice
Station at Oomagari.
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Y=0.98X+0.98
R=0.940%*

eBrROWN RICE Y=1.06X-2.66 eBROWN RICE
993:

e BROWN RICE Y=1.08X-2.26
R=0. R=

0.970%*
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oMILLED RICE Y=1.05X-1.84 ©MILLED RICE Y=1.12X-3.43 °MILLED RICE Y=1.05X-1.20
R=0.990%* ' _ R=0.980%*%* R=0.958
(@)
o Y =y = vy
2. 18.0 T T j)_ 5-:180 T ] 86_‘]80 T T
= / : B
"L 16.0f /1 **16.0 ,/ >°16.0
= 4 = 7 =
s 2
o - o o0 - o - &S - o
. 14.0 & z14.0 T5% ;
3 12.0 ' ! X 212.0 A ' X 212.0 X
12.0 14.0 16.0 18.0 = 12.0 14.0 - 16.0 18.0 = 12.0 14.0 16.0 18.0

MOISTURE CONTENT, % w.B.135°C MOISTURE CONTENT, % w.B.135°C

MOISTURE CONTENT, % w.B.105°C

Fig. 1. Regressioﬁ lines between three methods for measuring moisture content.
Method 135°C; Moisture content was determined in accordance with
SAMJ (The Society of Agricultural Machinery, Japan) method (1975) by

drying whole kernel of about

10g(+1g)
135°C(+2°C).

for 24 hour in an oven at

Method 105°C; Moisture content was determined by drying whole kernel
~of about 10g(+1g) for 24 hour in an oven at 105°C(x1°C).
Method PB-1D; Moisture content was determined by wusing a digital

moisture meter made by Kett Laboratory Co. Ltd..
*¥ indicates the significance at the 1% level. r(10,1%)=0.708
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Table 3. Brown rice moisture contents measured at thre

% w.b. 135°C.

e rice milling plants,

Nov.14 Mar.1 Jul.3 Aug.18 Feb.7 Jul.21 Jul.16
Survey date 1978 1979 1979 1979 1980 1980 1982
Survey place HRSK HRSK OTB HRSK HRSK HRSK HRSO
Average of M.C. 15.7 15.2 16.0 15.9 16.3 15.6 16.1
Standard deviation 0.53 0.20 0.66 0.40 0.33 0.45 0.25
Maximum of M.C. 16.8 15.9 16.3 16.5 16.8 16.5 1644
Production place Hokkaido Toyama Yamagata Hokkaido Aomori Miyagi  Akita
Crop year 1978 1978 1978 1978 1979 1979 1981
Tomo~ Koshi-  Sasa- Yuu- Mutsu-  Sasa- Sasa-
Rice variety yutaka  hikari nishiki kara honami nishiki nishiki
Rice grade 2 1 1 2 A _ 1 2
Minimum of M.C. 14.7 15.3 15.4 14.9 15.7 15.0 15.5
Production place Hokkaido Hokkaido Hokkaido
Crop year 1978 Same Same Same 1979 Same 1981
Ishi- as as as Ishi- as Yuu-
Rice variety kari above above above kari above kara
Rice grade 1 2 1

HRSK=Hokuren Sapporo Rice Station at Kikusui,

Sapporo Rice Station at Oomagari.
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Table 4 CIBEHTOBEAXROBEERLE.
ﬁ%%ﬁ%ﬁbmw%é@ﬁ%%?ﬁ&@ﬁﬁ%ﬁﬁm\ﬁ*ﬁ&@%%&%ﬁfﬁ
fELE. MM OCEKDEKREBET 2L, BEIHINCEE UBEREE T
BE<EBok. —K. EHACHNTHES<OLX R BB T 5. BERMHCTLE LSS
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OTB=0Taru Beikoku, HRSO=Hokuren
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LTRE-ETHY. BERTROBERBERBCTHISNCTLE Y. EHCL3EH
BRELALED DN RNk, |
mwﬁ75mamﬁ§ﬂw&ﬁu,matmﬁﬁﬁ%&%ﬁ?5a~%ﬁﬁﬁﬂﬁr
ﬁbt%ﬁ%ﬁﬁﬁ%ﬁta&otaﬁﬁmwmﬁ?ﬁmﬁ@%@&ﬁu‘mﬁtwﬁ
AREREBET 22, BBER2ICLELTEARBEAM.TCE R ok, ZH 50D
Bis. AEERE. A—BREOEFEEKICKHAT. BRLEEFAEI N L 530 5
hta:hﬁ.i*@ﬁﬁu&ﬂ%ﬁkZ%Kmﬁﬁﬁﬁénétw%ﬁﬁﬁgk&U‘
BRECIIRBPAMEhEZLILEZ3DBDTH S,
ﬁE%ﬁEwﬁﬁ#B‘i%@%ﬁu&Uﬁﬁ%ﬁbfﬁﬁ&%%&ﬁﬁ:kﬁﬂ%
LRB3ZILAEREhE.

' Table 4. Milled rice temperature of various milling stages measured at four
rice milling plants, °C.

Dec.21 Jul.3 Jul.3 Aug.18 Jul.21 Mar.6 Mar.5 Jul.16 Dec.9

Survey date 1978 1979 1979 1979 1980 1981 1982 1982 1982
. Survey place HRSK HRSK OTB HRSK HRSK HRSK HRSO HRSO HCS

Open air temp. -4.5 16.0 - 28.5 241 -3.2 1.1 19.2  —

Milling plant temp. 23.0 18.6 19.0 27.0 25.5 18.3 20.0 24.0 24.0
Brown rice temp. 0.9 19.8 25.5 .29.7 21.8 2.2 20.8 21.9 22.7
Temp.after 1st mill 12.6 26.9 29.3 36.2 30.9 11.5 26.3 27.0 26.2
Temp.after 2nd mill 21.1 32.8 34.3 40.3 37.5 18.8 32.3 32.9 33.8
Temp.after 3rd mill 27.1 37.5 37.4 44.5 42.2 25.5 35.9 36.0 37.0
Temp.after 4th mill 30.9 42.0 40.6 51.6  44L.7 30.2 37.5 38.6 37.7
Risen temperature 30.0 22.2 15.1 21.9 22.9 28.0 16.7 16.7 15.0

Rice conditioning No No Yes No No No Yes Yes Yes

Risen temperature is calculated by difference between brown rice temperature
and temperature after 4th mill.

HRSK=Hokuren Sapporo Rice Station at Kikusui, OTB=0Taru Beikoku, HRSO=Hokuren
Sapporo Rice Station at Oomagari, HCS=Hokkaido Chuuoo Shokuryo.
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Table SIKBEPFORBERDO KRS ERULE.
BRATEROBEXRSE. BEULEAEEATIE. BEA16.6%TH Y RENIS.3
®THY, TOEWR 0.8%THoz. COHEKOASER. EHEHKDOZh & HET
6améwo:nm.ﬁﬁ%@ﬁ%itﬁﬁ%%ﬁ%u&U*ﬁ%ﬁmé<&otk%

Zbhs,

ARET>REREBELESA. ADBLBIR0.3~04%Tho . —F. BHE
@ﬁ%&ﬁﬁbt%é‘*ﬁﬁ&iﬁmwwa%fﬁota:nﬁ.%&u&u%%s
NERZFE, RBEOEE, BFRLOABBELEEL. 20D BBICL5Kk4H
&iﬁﬁé<&ctk3bn%q

Table 5. Milled rice moisture content of various milling stages measured at
four rice milling plants, Z w.b. 135°C.
Mar.1 May 7 Jun.11 Jul.3 Jul.3 Jul.4 Mar.6.Jul.l6 Dec.9
Survey date 1979 1979 1979 1979 1979 1979 1981 1982 1982
Survey place: HRSK HRSK HRSK HRSK OTB HCS HRSK HRSO HCS
Brown rice M.C. - —_— _— 15.9  16.8 16.4 16.4 16.4  16.7
M.C.after 1st mill 16.3 16.2 16.1 15.9  16.9 16.3 16.6 16.6 16.8
M.C.after 2nd mill 16.3 16.1 16.0  15.9 16.8 16.3 16.6 16.5 16.8
M.C.after 3rd mill 16.3 16.1 16.0  15.9 16.6 16.1 16.6 - 16.3  16.6
M.C.after 4th mill 16.2 16.1 15.9 15.8 16.5 16.0 16.6 16.3 16.6
M.C. reduction 0.1 0.1 0.2 0.1 0.4 0.3 0.0 - 0.3 0.3
Rice conditioning No No No No Yes Yes No Yes Yes
Moisture content reduction was calculated by difference between M.C. after

1st mill and M.C. after 4th mill.
HRSK=Hokuren Sapporo Rice Station at Kikusui, OT
Sapporo Rice Station at Oomagari,

HCS=Hokkaido Chuuoo Shokuryo.
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1) B KRE

® ERMHKH (Commercial rice mill)

RAMKBE LT, RIVVABS A ARAF ~va VAMTHICREE AT 3 &M
BEFRIONAAABKREECPICHEBAL. AEXEEE. 1B82 L THEGHH
ISkY, HEREA1100ren D BAFHREHKE. 2,3, 4882 LT 2hFHI8kY,700ren.
15k¥,670rpm. 11kV,670rend MABBMREKEIC X VBREATEY . 1REELEY %
RKTA4PryORBEHEFE->TWS,

Fig. 2RRABRBLUTAHVWOATVWAHEHRYREREE. Fis. 3IHAL <A
ERIABKBOBEHLRL 2. |

BROWN RICE
INTAKE HOPPER

SCRERN ABRASIYE ROLLER

RESISTANCE PIECE

SCREWED IRON
ROLLER

MILLED' RICE

Fig. 2. Abrasive type commercial rice mill.
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BROWN RICE

0

INTAKE HOPPER
MILLING
SCREEN ROLLER

\
: SCREWED IRON
;) /Ro,_m%

__f SRR TN Ty HoLLow
= ] (2 [ SHAFT
-oé-_o-oooogboooooogoo V‘O O

WEIGHT ( ) - AIR

’
(]

MILLED RICE

Fig. 3. Friction type commercial rice mill.
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@ ERAEMEXE (Laboratory rice nill)

i BIEIXEX# (Abrasive type mill)

Fig. 4 CRBICAWEFHRERE (EMEEFERRAREBT—058) $HRL
o BRERBOFEHAZ0.4VTH Y, SRIBDT—VI£30,36,40,60% v & 2 ic E2hF
WEBRTETH 3. EBIC. F~Y—2 XV FOXHRICEY O - VEEES 820~ 1520
renETRBILABTETH 3.

BRRBICR, Fis. 2L RUAKEAFRHRBE R B L 3 BBEIOM. BENICREL 3
BARDS. TRDS, KHKBEBETERI0~200g % LEHETHN0 FRTH
U, 2REREFELRVEDBETORBCEA 25T, TEXEBELR-TH
W,

FREROKRNIS. BBHLBEERLsRET 25RO FEALKEL LT, RBXX
2005, SRIBD—LOMBROAy Y2, O—VERRIEI230rem%E EAE.

- BROWN RICE

ABRASIVE ROLLER

SCREEN

|_—SHUTTER

J
[}
L}
I
I
]

J
)
1
]
)
)
|

Fig. 4. Abrasive type laboratory rice mill.
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i BB (Friction type mill)
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DMLHEREMIEDORBKARRBLUTHAISATN S,

@ #HERAH
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XREMIELT, BETOZKEHLTHSAUDERKAS. KREE. EXER
HHPEREEOHE, RERVCAEEES.

KHRAKSE10g H,135C, UBMBICk VRAREL, BRERTHL 2,

©@ BERORRESZ

ﬁﬁﬁ@ﬁ%ﬁ&&%&i@ﬁﬁ@ﬁ&%mi&ﬁﬁ.?&bz,%Ebti%ﬁﬁ
LBRETOMRERVERZORBLLEAECRNES I, BEEES BEH DR
EAREL. RRENOBEEPECSUTHM LA, 4. BEICE Y REBEES L
FU Y. BABOD - VEE A SEERCAZ A EBEEA3 Y e b, ch i
BT BEdic. BHEREFOMBENIBEL LT, 20MIHREBEE S =81
RILIULBDE. BABATOREPBER 7 AV EREHICLVEELE,

® BWEEENE

i IBERERME (Milling tinme)

BECELEABEEA Ry 794 v FRVWCHEL. 555H I BET 52 TIcEL
ERHIEY. ThThORROBMEROMNNRLBET 2, Thbb. Bl 3
RUETH->EBHERIS VT, A—SP B3 CRELAREAE 05024
UTHBBERIAR VUL E.

Brown (D Control and setting of kernel moisture content,
rice kernel temperature and storage length and
l conditions.
Milling [ (@ Control of environmental conditions (laboratory
temperature) on milling.

Measuring of milling characteristics.
J Milling time.
Il Electric energy consumption.
ll Kernel temperature after milling.
IV Milling yield(Weight loss by milling).
V Broken kernel in milled rice.
VI Degree of milling(Bran removal).
ViiWhole kernel yield(Head yield).

'
Milled Measuring of quality and taste of milled rice.
rice Taste testing

Fig. 5. Schematic flowchart for procedure of milling experiment.
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i HBREHE (Electric enersy consunption) |
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1) BEE-BESH
Fig. ILIBRELEBESHELOBERIIOVWTELE,

Y
.5)97. ' ' c
(2.5)97.5 © COMMERCIAL RICE M}LL(COIWPASS RICE MILLING UNIT)

® LABORATORY RICE MILL(FRICTION TYPE MILL)
° LABORATORY RICE M LL(ABRASIVE TYPE MILL)
(5.0)95.0-

(WEIGHT LOSS BY MILLING,%)

> | J
o Y=1.03X-2. 24 A/
> R=0.994%%
= . og 3 i
E (7.5)92.5 g/ e
= og/°:° * Y=1.26X:25.01
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(10.0)90.0-———— ¢ — & i
0.0)90 | o{/ y
o’
/
(12.5)87.5 ' r ' X
87.5 90.0 92.5 95.0 97.5

(12.5)  (10.0) (7.5) (5.0) (2.5)

DEGREE OF MILLING,%
(BRAN REMOVAL,%)

Fig. 6. Regression lines between degree of milling and milling
yield for tne commercial rice mill and the two type
laboratory rice mills.

*% indicates the 81gn1flcance at the 17 1level.
r(24,1%)=0.496
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Fig. 7. Electric energy consumption during milling for

the commercial rice mill and the two type
laboratory rice mills.
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Fig. 8. Broken kernel of milled rice milled on the
commercial rice mill and the two type
laboratory rice mills.
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Fig. 9. Milled rice temperature just after milling for

the commercial rice mill and the two type
laboratory rice mills.
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Fig. 10. Schematic flowchart for procedure of measuring of
physicochemical properties of brown rice.
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Fig. 11. Brown rice temperature during storage in the store house.
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Fig. 12. Changes in free fat acidity and TZ value of brown
rice during prolonged storage under three different
conditions.
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TOIEE, KBEOXS ERBHTHERONKEN L L ERERSTETS 5
TLETRRUTEY., SRIOEIRAROFREE M Lk HiS %S HT SR 5 =
EAhALEEhs,

® %Rk

Table 6 R=MMORETHMLELRD. Table 7HEABMER L £ LK OHE (L2
REOELERLELDOTH S.

Table 6ic ki, HRKSEHRBABIC4.5%THEH, BRETRICE 0.1~
DIRBAL TG, LoLass, KRFHERABEICEBAIL RN s £
AEDEBE. BRI VERKY RED L E AT MEE B AT R,

Table 6. Changes in physicochemical propertieas of brown rice
during prolonged storage under three different

conditions.

, Jan. Mar. May Oct. Feb. Jul. Aug.
Measuring date : 1980 1980 1980 1980 1981 1981 1982
Storage time,month 0 2 4 9 ' 13 18 31
Moisture SH 14.5 V4.5 1hih 14.2 1hoh 14.2 14.2
content, ER 14.5 14.6 1hih Vhih 4.5 4.4 14.3
%z w.b.135°C REF 14. 145 14.5 1hed 4.5 14.5 4.4
1000-Kernel SH 21.93 21.96 21.99 22.03 22.07 22.16 22.09
weight, ER 21.93 x 22.05 22.07 22.01 22.09 22.04
g/1000 REF 21.93 x 22.07 22.06 21.93 22.09 21.97
Whiteness, SH 12.2 12.9 12.8 12.8 13.2 13.7 14.3

A ER 12.2 12.8 13.0 13.3 13.3 13.3 14.2 .
REF 12.2 12.8 12.6 12.7 12.8 12.7 14.0
Translucency SH x X 65.5 57.4 57.5 56.2 60.3
: ER X X 63.1 58.7 59.3 62.3 62.2
REF X X 63.8 62.2 62.3 63.3 61.8
Bulk weight, SH 830 833 830 843 847 850 848
g/l ER 830 832 839 847 849 849 849

REF 830 831 830 829 832 827 833

Fluidity, SH X X 9.99 8.42 8.10 8.01 8.15
sec./150g ER X X, 9.05 8.34 8.09 8.09 7.86
REF X X 9.96 9.25 8.89 8.96 8.44

SH=Store House (kernel temperature 0°C-24°C), ER=Environmental
Room (19°C-21°C), REF=Refrigerator (2°C-4°C).
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Table 7. Changes in physicochemical propertieas of brown rice
during prolonged storage in the store house.

Jan. Mar. May Oct. Feb. Jul. Aug.
Measuring date 1980° 1980 1980 1980 1981 1981 1982
Storage time, month 0 2 - 4 9 13 18 31

Hardness, kgf

Cracking hardness 7.6. 7.2 7.7 7.6 7.3 7.2 7.0

Crushing hardness 8.5 8.1 8.5 8.4 8.5 8.3 8.0
Fissure, 7

Slight fissure 3.0 2.2 2.5 2.4 2.1 2.3 1.3

Serious fissure 4.3 5.2 4.3 5.6 6.1 L7 5.0

Total fissure 7.3 7.4 6.8 8.0 8.2 7.0 6.3

Component analysis, %

51.7 48.8 40.7 40.3 39.5 36.0

Sound whole kernel 54.8
- Green and
immature kernel 29.7 29.8 31.2 32.4 27.3 27.6 23.6
Underdeveloped
& shriveled kernel 1.3 1.5 1.7 1.9 1.5 1.7 1.3
Broken kernel 0.5 0.8 0.6 0.5 0.6 0.6 0.7
Damaged kernel 13.5 16.0 17.4 24.1 29.6 30.3 38.0
Discolored kernel 0.2 0.2 0.3 0.4 0.7 0.3 0.4
Kernel thickness, 3
T<=1.8,mm 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1.8<T<=1.9 2.1 2.0 1.9 2.0 2.2 2.1 2.1
1.9<T<=2.0 13.7 12.8 11.4 12.3 12.9 11.9 12.9
2.0<T<=2.1 38.4 35.3 32.7 35.4 36.0 33.8 36.5
2.1<T<K=2.,2 41.8 45.4 49.2 45.5 45.0 47.5 3.6
2.2<T 3.9 YAA 47 47 3.8 4.6 4.8
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Table 8. Physicochemical properties of brown rice stored in
three different storage conditions and times.

Kernel Hardness
Moisture temperature
Storage Storage content before Cracking Crushing
condition time % w.b. milling hardness hardness
» Month 135°C °C kgt kgt
Initial 0 14.5 20 - 7.6 8.5
SH 31 14.2 20 7.0 8.0
ER 31 14.3 20 7.0 8.2
REF 31 14.4 20 7.0 7.8
Fissure
Free
Storage Serious Slight TZ fat
condition fissure fissure value acidity
A yA % mg ; KOH
Initial 3.0 4.3 96.5 13.8
SH 1.3 5.0 62.8 R4 .8
ER 1.5 Le5 21.6 29.5
REF 1.7 L7 90.8 22.6

SH=Store House(kernel temperature 0°C-24°C),
ER=Environmental Room(19°C-21°C), REF=Refrigerator(2°C-4°C).
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Fig. 13. Milling yield of brown rice stored in different
storage conditions and times as related to milling
time and electric energy consumption of the
friction type mill.
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Fig. 14. Milling yield of brown rice stored in differe@t
storage conditions and times as related tg electric
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time of the abrasive type mill.
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Table 9. Physicochemical properties of brown rice having thre
different kernel temperatures.

Kernel Moisture content Hardness
temperature
before Method Method Method Cracking Crushing Bulk
milling 135°C 105°C PB-1D hardness hardness weight Fluidit

°C Z w.b. Z w.b. % w.b. kgf kgf g/l s/150g
10 15.6 14.0 14.4 6.9 7.6 826 6.78
20 same as above 5.8 6.8 812 7.21

30 same as above 5.2 6.2 813 7.2
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Fig. 17. Milling yield of brown rice having three different kernel
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mill.

_53_



@ BERBR4E

Fig. 1810, BERAEAKBOBBE L L 3BEBE IOV TRLE,

Fig. 18WRLELIK. TRBELRC L RVREREFMNT 2ERIZD 5
nt,ﬁ6%¢®Wﬂ%éﬁ‘%ﬁﬁ§ﬁMJ%?\m%@i%ﬁ7£%?5émkﬁ
L.mth%fuhm%msﬁ%,wtwﬁ%vmnﬁ%msﬂ%fﬁata

RUEREHEMOREL LT, XXBEOFBI I3 EAL QRN AREBEEDLR
KEDREBTAEXONAS. LAL. kDB E L bbb wENKEIL ST 3%
REEOZIE. MAMBMESZEITILEARY S LEDATVEZLhd. &
REED LRI IREBRT AN BEEMOBRELEZX O RSB, &< 1o, T A A
%@%%ﬁ+%?&w%%,ﬁ%.i%%@gﬁﬂﬂK%NTMEﬁﬁ<7“”“\2
Bu.%h%@%ﬁﬁﬁﬁh%uk%&ﬁ@ﬁﬁ?ﬁ%ﬁ&Uk%w““:aﬁav@
Bl PTwnwerEIdh 3,

Henderson'*®' 3 AR L AHKIL. BEOBVWE X LBET 3 LRI A B
ZEEBERLTWS,

12.5F
s¢ | o 30°C
h—!:10.0-. ° '/
=
= ///<; o 20°C
X °
i
é 1.5F 2 o0 10°C
o

O/
5.0 ' P

95.0 92.5 90.0 87.5

MILLING YIELD, %

Fig. 18. Relation between broken kernel in milled rice
and milling yield of brown rice having three
different kernel temperatures milled on the
friction type mill.

_54_



DEGREE OF MILLING, %

®@ BEE .
 BHCIAMERESSVEA. MIEATIMBE S 2 U BE L. BEEY S
ﬁ&?é:&ﬁﬁﬁe%:Tﬁ&lgu,ﬁ@ﬁ@%@%%%b%éﬁ@ﬁ@ﬂﬁ@ﬁ
E%ibt‘%ﬁﬁujnfﬁbto

Fie. 1 9RRLELIK. AI—BEELXBILIDOBEBNEUMNRE B, XX
BELACLDRVEBLTIEAIBTD Sh i,

?&b%.i%ﬁﬁ@tﬁua%&ﬁﬂ&ﬁ?n;é@ﬁ%iﬁ%@%%&%%bk
IAT, ERBEED LA P BB ERRVBEYEON LI SRAZ 2L REL ML o
%o

95.0r1 | : ]
o o
N 9\\\\\\\
92,51 \S\Q NN
. Ne NO 10°C e ko ‘]O°C
\\;?\\~£:a-—-—o \\;:T“::B““‘~o
%~ 20°C e, 20°C
, 30°C 30°C
90.0 ' ' ' " ' '
0 50 100 150 0.0 0.5 1.0 1.5
MILLING TIME, SECOND ELECTRIC ENERGY CONSUMPTION,

KWH/60KG;BROWN RIGE

Fig. 19. Degree of milling of brown rice having +three different
kernel temperatures before milling as related to milling

t%gi and electric energy consumption of the friection type
mill.



TENHY

Fig. 20K, ERARRBOBE ST LR 2N ST RUBBELSANEN L 0BG

Em ULk,

Fig. 20RULELIK, A—BESERUBEE BT,

ZABEIAFEVWEAC

%éﬁﬁ@ﬁﬁ?bto%ﬁﬁﬁﬁmm%(%ﬁgﬁ%J%)Eﬂubét‘fﬁﬁﬁ

PMOCTHE2B B H8

4.6%. 20°CTI%83.3%.

LEAFMETLELEXA LS,

87.5

85.0

82.5

WHOLE KERNEL YIELD, %

80.0

CTHE2.0%TH - k.
Tabb, BEOHVERZREME B IC L 3HRBEFS L -

L6, B2

95.0
MiLLING

Fig. 20.

1
92.5 90.095.0

YIELD, %

Whole kernel yield of brown rice

DEGREE OF MILLING,

L ! ‘
92.5 90.0
%

having three

different kernel temperatures before milling as

related to milling yield and degree of

of the

® BELEF

friction type mill.

milling

Fig. 2 1l EBEBERNEAXB0BE 388 FREEERLE.

Fig.21IicnUEEDIC.

BREICK

_56_.

BEHENRI.0%IcBWT.,
FUBREN20.2CEALUHEHFEEN0.2CL R

NCOZXREBHELEBE.
Y. ARIC20COZHKRTIRZRE



A14.6CER UMEREEA34.6T. 30CORKTIRBMEA10.0°C L5 UK ELEE 5
40.0CL ok,

?&bé,ﬁﬁmﬁwi%ﬁ%wﬁﬁa%&bf.%ﬁtﬁmk%uﬁ%ﬁﬁwﬁﬁ
REEOMHABEIEVETH 3. chid. B2 ROBR IS S H I ERBEORKE L
FKRZRERMERLTV 3,

ERRREZKBE L RRENBEL A B LT o225, SXREE
Eut,%Etﬁnﬁ?6%%%&&&63%%%%&@%@@@—&%&?:tﬁ?
'%6°%of‘%%ﬁhﬁﬁ@%ﬁ%@ii%ﬁuié%%i@%k%ﬁf%6,
?&bﬁ,ﬁE@ﬁmﬁ%%%%?%k.EE@Ew?%k%&th%ﬂEﬁk%
'wtwm,ﬁd%ﬁﬁ%t%%?éiﬁkﬁhﬁﬁ&%b‘%@tm@@%@%é#%
Ve TAF. BEOEVEREBHULROBEYRETO—RLEX 505,

o 25¢

= 010°C
a 20+ /

|

-

= Jf

& ©20°C
w15+ o

|

I-_

= /

o 30°C
= d o
210k /ﬁ‘/

= [ ]

2 °/

5 1 | }
95.0 92.5 90.0 87.5

MILLING YIELD, %

Fig. 21. Relation between risen temperature of milled
rice just after milling and milling yield of
brown rice having three different kernel
temperatures milled on the friction type mill.

-57-



MILLING YIELD, %

@ BHXEXRBOBEEHE

Fig. 2 2IHHIARKBOBERM, HBENR L BESELOBBIKOVWTRLE,

Fig. 22RRENIE. BEABKRBLEVWTHERERB X B L AEL2ERFZ 5 h.
A-BRSECETHEETOHE. EXEEOETR LI AVBEERNRAUNER

EmﬁMLt,ﬂiﬁ(ﬁ%ﬁa&mm%uﬁﬁ?é%é.wtwﬁ%m%ﬁﬁﬂﬁm

@,%§§ﬂ§ﬁ03mu?5émuﬁb,mtoi%fu%n%nhuﬁow@AJo
f£D0.89k¥h, WCOERXTIREFRFhI L38F% D 99%8, 1.2715 D 1. 03k¥hicH#Im L = .
:n&.z*&&mﬁTuk%&ﬁ@ﬁiﬁ%%@%ﬁ%ﬁ%%%%ﬂi@ﬁm
(Fie.17) 2HBLT, HEREKEBNT 3 EXBETLOBBOBRE S, 1/,
b2/sTHBEZLERLTWNS,

TOBEVE., FHRERE L ERAE R OBE R SR RS LIt BEL TS,
Thbb, REMEORS, BEATCIVREONELS > ERSREE. %X
BEZECL LS MERLOBBLR B30I, SBB D —Vie & )RS
HEFHRET 2WHRE KRBT, MEZOBBEASRVDDLELDNS,

95.0 i

AN, N
92.5 \f\"\o i \Yﬁ\f\\

(o]

b N\, | N\

90.0 ®20°C = SRR o 20°C
*30°C ®30°C
87.5 L ' . ' ’ -
0 50 100 150 0.0 0.5 1.0 1.5
MILLING TIME, SECOND ELECTRIC ENERGY CONSUMPTION,

KWH/60KG ;BROWN RICE
Fig. 22. Milling yield of brown rice having three different kernel

temperatures before milling as related to milling time and
electric energy consumption of the abrasive type mill.

_58_



BEBECREEAR CHEREREOBOBEEE > Th. EREELLO
BORESERAB AR B LB L TAT VI L AR I S h i, '

@ ZREEIBEBH 51282

$%&®ﬁ%#6‘i%ﬁgﬁ%ﬁﬁﬁugié%ﬂﬁ‘ﬁ%ﬁﬁ%ﬁnk%&ﬁﬂ
BZELEERTZZLAHEHLME o .

?&bﬁ‘f%ﬁﬁ%iﬁéﬁ&amﬁﬁﬁF?étw‘%%%Eﬁﬁﬁb\%ﬁg
ﬂﬁﬁﬁﬁb,;ar%ﬁ%$&0%ﬁﬁ$ﬁmrﬁaaﬁﬁu%ﬁn&a%ﬁiﬁﬁ
PU. REERAIHEHE. —F. **ﬂg%ﬁ?éﬁék*#ﬂﬁwtﬁ?éfw‘
MBRBENBEBUL. Lo THLHSFIFLET S,

BIRB2HUBNT, HERIELIZEXBEOELRELBI BV CES . BE
TRELEIZDS AV EEEL £, —ﬁ~%ﬁm®§%ﬁgﬁﬁﬁﬁﬁu525%¥
m.%ﬁﬁ%#%h&%?&bé‘&EKSwT%%ﬁﬁbntuéﬁﬁﬁbﬁwbn,
vj,%ﬁiamﬁFaa%u%@ﬁ%ﬁbfwao:@:&#6,£%EE®QWE
LHROBMEORCHBMETLELTEY. Mo, ZOBABLBIES< 1L bR
WHKTBLEXLLHhE,

CHEDBHEBHEEERT L. HIE. ROEFEIAELFEL, RBRREDEVWE
K., FERABAZVEX 2 BETIH 8 1. BEBEHLEOEDICERBE XKL
33, E*@%ﬁkbwfﬁ%ﬁh@fwﬁﬁﬁ@%ﬁ?éﬁ%%kﬁ ﬁ%%$@%
1%’§’é$0)r’]_l:0)7’8bk?£7kﬁﬁ%g<'§‘é Y. RENRBE G YEDIC. **ﬂﬁ
EPRBT O LIFEETHBLEADNLS.,

BHOEDOEGLREXKEBEOBE I >V TR, AHORREOAIOELTEZ2L0
TR&a<., H4ETH Aéﬁakmmﬁﬁvﬁ%koufoiﬁ%%&%ﬁbr %5
ETREAMICREERTS

_59_



3—-3-4, EH

%%ﬁ@i%ﬁﬁﬁ%ﬁﬁﬁa%i&%@%ﬂéE%T~ﬁﬁémt,%t&U%%
u%%bti%é%ut%&%ﬁoto%@ﬁ%‘mTwzkéwewubt,

(1)

(@

3

{4

(5)

EREEOBTIC LD RVERBESHIL k. HRIEIC X 5 KRRE O Z AL A
BABLECSOREL. COXRBECLIMESLE. BERCELBOX
BedkicECE.
BEOEVEKREBEOFTOERL BB LT, A—BHEECHBET 53 TIE
WEMAEL. TOEDRBEFSL . BRLAEAAE L. LAL. BELO
HEXBEEOENER AT, chEE 2 RORKTB ST BEKE L —5
L.

EREEL LR C L BERMAEHL. NREHEFERL. Lo CHBHE
RRCBHIEFHLE L. — 5., KRBELETE €5 L BREA FERL.
o THRLENSFIAEL £.
EREEOEEFABREECSAIBBORER. BEERE L Y HUR 8L
BILBEWTAhE s 2,
TARBEFBEBECEXRBE. IXRBEB LR TRBESLILE
T 250Thotk.

-60-



5 3 = 5 4 BT
KKK S I IF IS 1 5 X & g

3— - 1. ERHES

ERADERDBEBRECKERBBERIET—HL LTE L OFZE 2 91. 143, 140,
eV TRYEIFOA, BERBFILERRSKNRAILI4.5% (55, BE, 105C,5
ﬁﬁﬁ,:mﬁnﬁt%fﬁwﬁ%kﬁé)fﬁﬂ‘:nMFTE%ﬁﬁuﬁwf&E
BIERS RN L X hT B,

b#b‘i%*ﬁ&%ﬁﬁﬁkuawfﬁ%btﬁ%mmt< RAE T, BRI
DVTOHEG 0 FH Y. AR DN TR, BRI 119 gk s @ i K
%@%%ﬁ%%ﬁﬁ??ésk&%ﬁ?ékkgiofméa@%fﬁ,ﬁ%*ﬁk%
SUBHEOVTHELEM " 29 5554, BEDECHEEEL X b 40 TRE
HICHZE L 28 2.

—HT, KPBLOKBBESGL BESIRETHL —RIcEDL Y. ZXOE
Bekr s ABT 5HBREFAMBELTBCER L0555, LALRSD.
ERKD EBEBHEIREAROBERURKL AN ELTRESAE. BEOED DR
BERASEEERRC T AT LRV,

TITEABMUBNTH. EXRKS L BHESELOBGEEENICHL McT oL %
HEC. KSEBEE L UARREAWCHBEERL 5o .

3—4 -2, EBFE

) HARE

HHERBL LT, B3RESHCHAVWELKLALL. BFHDH L L THENES
h, BRFTCEHRER 19795 b8 HRRE T4V H0) 2BvE. #REXOTH
KFPE14.4% TH o =

B2EOEXIBULSI3ERFLECRALL I, BELABEATR. EEBEX

-61-



KEGBREF4.7%, HEFI6.8%THY, ZhDOKDEN 2.1%Tho 1.

B, EHIE. KPFU.T%OLK 2 BET 5 L BHEG 0BT 793% 4 TEHR
BLeBY, ThREANTRRZVWLT TICRELE 9, EHI. WH L. kHH
l&wéU%taﬁﬁ%)Mtwﬁﬁm,ﬁﬁt&é%ﬁ%ﬁ@%%ﬁ%bw:kéﬁ
HELTwW3,

TIT. FRRCBEIIURZROAS %, HAS LV I %RU2% LE=#3 &
JIKHABLUE,

z%*&mﬁﬁuﬁwf‘%ﬁ&*ﬁgmﬁm%ﬁﬁMQﬁﬁtméﬁﬁﬁﬁﬁé%
s“o%:T%Kﬁotiﬁﬁﬁﬁe,m%ﬁ%M®&&n§%mﬁ®ﬁ§%#kLT
BE20C.EBERRI.2BY, CORBCBREL - ERESBNTEXRE7LIHL
V—ERFI~2BRATTASOEBET- 2.

TOMER. M ABDHRKKS % THRETIS.6%IC. 2BETI6.8% 1 FBT 3=+
f%ta:@*ﬁ%%usﬁézﬁwmﬁﬁm,%nfnmw%/hu,mn%/hw
TH- k.

Kﬁ%%%@i%ﬁﬁum?vy@%u%n%nﬁﬁb‘ﬁ*ﬂﬁb&ﬁ%iﬁ(ﬂ
~20C) KM 1ARMBBELAS O —{LE2E- .

ﬁﬁi%@%ﬂk#ﬁﬁﬁ.%3ﬁ%2ﬁuﬁbtﬁ%uﬁb~*ﬁ,mg,m%ﬂ,
THE, FRE, #H2XcovwTHRELE,

@ BEER
BREOLKKEERERBEAVTACLERL. BLER VI ZREORER %
REELRACLR3LOBWHMLE. TORR. ERZNOBEE]19~21C. 5 E 146~
62%R.H.TH o e
BEERE. B3RS IBKALATEICHETH v, BEBE, NBEHE, B
B, BHE, SLRSH, BEUE, BELAR YKo wTHEL -,

-62-



3-4-3. ERERERUES

) #HAZXKXOYBEELEHE

Table 1 O KR LK DY BIEEEHICOVWTRL =,

B2MUTHEBRLALS K. ASHEBRCLVA—RBOASEIEFEL 529,
FHETHWEI0g ,8,135°C, 4B 2 D fi 12 . 10g ,82,105°C, 4B L EREHRR
mﬁﬁ(#ybm—wﬂ)a&muTMEbtmﬁﬁ&,ébﬁTMMe1ouﬁbt

TRIREDL. IBCTHREIYVFELEKSEIS., ThEAMI.6% EE1E1.2% %
%bﬂ<:an;0‘lwtﬁitm#yb*ﬁ%u&uﬁwtmﬁﬁéﬁmf%é:
EEHS =,

Table 10. Physicochemical properties of brown rice having three
different moisture contents.

Moisture content Kernel Hardness Fissure
temp.
Method Method Method before  Cracking Crashing Serious Slight
135°C 105°C PB-1D milling hardness hardness fissure fissure

%# w.b. Z w.b. 7 w.b. °C kgt kgf 7% %
T4.4 12.8 13.0 20 6.6 8.0 2.5 18.0
15.6 14.0 14.4 - 20 5.8 6.8 2.7 20.7
16.8 15.2 15.6 20 5.0 6.1 4.2 25.3

M.C. 1000
Method kernel Bulk
135°C weight weight Fluidity

Z w.b. g/1000 g/l s/150¢g
144 22 .44 822 6.87
15.6 22.63 812 - 7.21
16.8 22.91 812 7.16

Method 135°C; Moisture content was determined in accordance
with SAMJ(The Society of Agricultural Machinery, Japan) method
(1975) by drying whole kernel of about 10g for 24 hour in an
oven at 135°C(x2°C).

Method 105°C; Moisture content was determined in accordance
with drying whole kernel of about 10g for 24 hour in an oven
at 105°C(£1°C).

Method PB-1D; Moisture content was determined in accordance
with using a moisture content meter PB-1D made by Kett
Laboratory Co. Ltd..
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Fig. 23. Milling yield of brown rice having three different moisture contents as
related to milling time and electric energy consumption of the friction
type mill.

>3

A CUREF ALY

A NYENT IR FCEE PO

LB Y HMPEEO % VISR

-

TR A CHICIMY ISR RIE R LN O N Ak
BECETOHMKECLIIANLBOLNKE ‘Qq@us
IRBOBRFHE %I BERE @

Bodgoguy:



@ BER4E

Fig. 2 4 KEBRABKBOMBBEILDVWTRLE.

Fig. 24W0ARUELIK. IXKSP M4 A%ORB L BHEHEI 0% BT 2 L
HERPOBMABES.1%9THY. AL EXRKDNIS.6%DRETHE. 1.69D38.6
%‘ﬁ%*ﬁﬁw&%@ﬁﬁ?ﬁ,L%%@Bm%?ﬁota_

T&bé‘ﬂxmﬁﬁMA%oaﬁuﬁbf~W5%®ﬁﬁ?m%ﬁ%éﬁ%5%%
ML,ﬁB<mx%®aﬁfu7ﬂ%ﬁMLto
-%3%%3%u£wf%6#ubtkﬁu,mgmﬁuzﬂu%%k$é@ﬁ%§ﬁ
ZV. —H. EROMALFBEC I VBB RYDT VI L B8 = it 375 130,
PRI, o T, ARREBVTEADERORB A A ARSVER L o 22 L .
RARBLEBMALZOHMEYUBLTERXS LI TER L,

15+ :
o9 16.8%
.’//,/h
>e .,/”//’
4 10k -
= -0 15.6%
> 0’5//’
o
é 5 B o_____o—O"‘o 1 4 . 40/0
o
O ! ] |
95.0 - 92.5 90.0 87.5

MILLING YIELD, %

Fig. 24. Relation between broken kernel in milled
rice and milling yield of brown rice
having three different moisture contents
milled on the friction type mill.
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Fig. 26. Whole kernel yield of brown rice having three
different moisture contents as related to milling
yield and degree of milling of the friction type
mill.
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Fig. 27. Relation between risen temperature of milled
rice just after milling and milling yield of
brown rice having three different moisture
contents milled on the friction type mill.

The brown rice temperature before milling
was conditioned at 20°C.
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Fig. 28. Milling yield of brown rice having three different moisture
contents as related to milling time and electric energy

consumption of the abrasive type mill.
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ERKFEEC LB RIRMBEEIR. HXRECEZBESLABRLEIEL S oL 2
E&U‘zﬁﬁﬁt$&m5£maﬁﬁm.%ﬁ@ﬁ%&ﬁ%%%éﬁuib%k%i
Bntoftb5~z%ﬁﬁﬁﬁfﬂmﬁwﬁmﬁ%ﬁﬁﬁn%ié%¥u~z%mg
PRERECEA BB CEEZRAZ L FATETHIZ L Ao k.

LALRAS, AERTEKSI6.83%DERZ2AAMOBRBICH COREHDA D
BREZLDE, THBERKSLLUTETE2H0 L WB = hi.

COLSK. BREEGHEUADZXDOEEESHEEIRO RERUVEKLSHTEERLE
BEKE. IREBERVEAXKSOZLLEAEOLDLEAZ L ETERVWLEEDR
B TRHUEDVWTRPBLELCLTEHT B, |

3—4-4. EH

ZRKG VP BEREC AR B2 MEENT. K9 %14.4%, 15.6% B °16.8% ic
ABLELKEROEREF k. TOKE. DFOC L 2EAICLE,

) ERKFOBALCZHRVEESEMUE. ZOERKSOE{LIcE A BIE
L. XRBEOBELARIC. KLORBRCELBLBIEUE.

@ ERKHEEASEILHBEBFAOUBRENREAERL. o THEEERTE
HMYEPEELE, BIC. TRKDEETI 3L BEREFNERL. o T
AMBEAEELE.

@ KHOBEKEE D KRB L THERBE ST . ko TEEIC L5 RNE

Ao, REOLAE bR,
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W KRKDEHMEELBOBBCLIRBREOHME. BEETFL kT,
KBMEMRLE L AHELTEL =

6) ERADOBEABBBRICEASBBORER. ERREREL U 5 U281
BIcBWTAE o i, |

© HRADFPBEEECEXIBBE. ERKPOBLI LR OBELEIER
LE. SOZeilk. XAEBEMBEERCEAINELARTHE LD, B
BRECSX3BBOSEET AL, SRASLEXBEOE(LEAZOD O
LUT. chb s ERRECERT 5L ATEBLELBREA.
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4 B a4 =
FHEKOSEBE X O EIRICBE 3 o ==8&

BIRLTHLMILABEEHE. KO—RNITBEICSVT. LI KB MTS
BRL->TROVALOMES. MIAAELCOBERREERTH- £.

FRICTRY LTS, BARLLTOXOBRRNMIBBTHIBEXOSEIR. X0
CSRNIEET DL, RERSCEHBLEWIRRCANDIBRERERTH Y,
HREBCEBFREIA MR L LT EDIREPETCHEILESCLATE S,

BERKHEDIAZZREI. 48, KEE, RRRLFZOERLLTHIT SN B,

RWRICOVWTR, REZTOLIE, SHOALERINVCAVWEEEREILE->T
HEZHATEY. PRCEOBRCEYRKL AR T 3 BREBLEAT VRV, L
b, ROBBREROI bHUREFEEFIMCEZEQOBRKETTHE =L 206, AFHE
TREOXSFBOBLEERERLLTAKERY LT A,

RIS, BREMAXORRCA SR BE LA 3ERLFHEIAR AL H 100
ThEET AHRES R T, ETARTR. AENBMEELES MTHED
DERLLT. BHEREIFEROSBERVAKCRIETBBOWTHL McTH 2
ULk,

ThbL, FRTESIBHRALE. ERBHAEA LR —HEOERBRTZH
SEMAEDELBROBEAE. k. BENOXAROBEDKSREEEL. 2hbd
FRERDSERVRRICEDEIRBEBEEASPEELMCLES LT E3HDTH -
5.
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B a4 = 5 1 &5
SEERFAEKE#E e & Ufk.%%*%?f&%bhcké
iH BT 5Kk D 5 BT X% T8 B ok

4—-1—-1. EKREMN

BARUEES . RAMOARMRIS TR, FERMREE CRBAHKE L 5

HEDEE, WDODYPBIAVARAABREBEEISLAVOATWVWE, ThB0BEOE
RBERLIBEEACIVBEEToTVIR, ThooBRBIc L UBE X hEgE
HRADBBERUVRRLEDVWTHKLEMTIEYES R,
.—ﬁ.%ﬁ%&fﬁ—ﬂt&&@%ﬁmﬁ%ﬁﬁﬁﬁéhéo%@tw‘%ﬁﬁﬁ%
BICIOMEX L EARRBLIIBEAEXDORERVRKICOVWTHES DT 3H4EH
BB, THHXHODVWTHEBLEHE R 2V,

ZITEBMESV TR, RRCAVEMEOFHRE RER GBS L% & Y
ENENBEEIAEBERORBERVRBEKILOVWTHLMIL, EOSIXT. “hbi
RAAREER B LY B S ERER L DV THERHLES> LT3 0TH 5.

T HEHBORESTRDS, BREMAXOSRBRVABRRKILEZZEBE IO
TH, ABCHEL AT EZL2ENELTV 3,

4-1-2. EBRFH

(1) HEREKE

@ SERH®EKX#¥ (Commercial rice mill) | |
%m%%%abt,mauy%ﬁ541x9—ysyﬁmr%uﬂﬁéntné,&
PRAEFHED Y AXRERBEECPUBEBLE.

® EBREMKE (Laboratory rice nill)
BIRBIMCRULEII K., BRICEFIHRNEKE (Abrasive type nill) LT
ENREFTRARABHEBIN- 058 5 BERREKB® (Friction type nill) X LTH
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CLAEMBERBEET—2 7YX ANCH—-2508 % F 7=,

@ fHEAR |
BB ERICRIITIEIBELIE (1oAY 2L TLddED BE (5%
B RBRLEEKRERVE.
%mﬁ%%u;&%ﬁ%m‘L%i%&ﬁaUynﬁ34xx5—93y%$15?
BEPLRRUEDOTHS. CORMERR. OB ICBBHERRL LTHREEhE,
RGRR TR = OWMEHR L LR UL,
RRAMRBICLIWERIE. EEXKEFREICBSRY. BELELOTH 3.
BEEBIRB LB RL AR RE AR TH- 2.
#az*wm%%#m,xﬁﬁmA%,Eaﬁmﬂ%,ﬁﬁiﬁ%wnfﬁu,%ﬁ
MOEKRBER. EAEKETRIT, ZRABRBECHIOCTS- £,

@ HEKO SRR
BELLTORMERCBDEXE BRI, S, BEE, RRFZOERL LTS
FORE T LRHEOLBUTSS. choOMERDBRE KNI HRT 5 E DI,
REOHAEOBERR Y FAEBE AT E A, KFRICE LTI, AENBEHE S
RETEDI. BRAEVBRMOKKEE, K92 LOBBARMEIC RS 2 HHE &
BRUTERE G £, |

Thbs, WEAKOARERDIHERE L LT, HE, BXE, AHRUESEE
ERYCEBLE. $£. HEXORERBERATITHL LT, AREDADHE
HALE. BREOHZICE. BBERERUI CORELBAE. =51, REILHED
ECHEEEEEL UTREBEELIEL. 205 ATRAKRRE =ML, BEXOS
B BRI HELE, |
Fig. 29, AHELEVTH- AREWEMEXERMEOEML BEHEE & 25
L,

25, BERERRCRBBELRVABONER. BIEB2MIcmL LXK YE
EEBEOME L AREFBEERVTH - 2.
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@ 7Kk% (Moisture content)

ROBWEHEE LTI10g ,8,135C, 4BMEE AV, ko2 EELETELE.
BTFofiERd. ENREFRRSA VF RSV YVEBFARSARTU—FX 2k YEY -
BRUEBRELEEARCOVWTHE- E.

@ FHE (1000-kernel veight) ,
TEMBEERIVEOERLMEL. ChEBREOREICH VA,

® ZAKE (Bulk veight)

ARBREFHRTSOIVBRHFEAV. HEAXRILHEVOEELRD L.

® ®BHE (Fluidity)
FUEOEDCRELVARASLBOXFT YV AE Ry X0 b, BEAXFAARAETT 2
REKIVREBEERLE. T2bb, COFETCRATREAEW: AHEAL L
HilTes,

Brown rice

Y
Milling

Yy

Milled rice 1. Moisture content

Separated from broken kernel

)

Whole kernel
(Head rice)

. 1000-kernel weight

Bulk weight

. Fluidity

. Whiteness

. Translucency.

Color

- Unstripped embryo rate
. Free fat acidity
Cooking characteristics

—)

y

Taste testing

Fig. 29. Schematic flowchart for procedure of
measuring milled rice qualities and
taste.
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® HE (¥hiteness)

Fy MREFRFEARBEAENC- 1 BBV, FRTA VI —2BBLEX (B8
HDBERZEA52m) THERRGOXORNELHMEL., ChE:HELLTRLE.

® BHE (Translucency) |

HEFHBHS A A A —HeS—101SE (HEXA) AV, HEXHTOXOBBE L 7
L. ThEBRELLTHELE..

@ &F (Color)

BARBABIRAFIZINAS—RAIIFS~10DEEHW, ANEICET3L (H3
), a (FR\RW) , b (AHFW) OEERDE. XDILhLOEISH (Ny & —
HE) , JE (B2H) 288U x.

BE3HFZER (Unstrirped embryo rate)

ﬁﬁﬁﬁﬁ%ﬁﬁ&ﬁ%ﬁ‘eﬁo’Cwé%%%#%@ﬁﬂi%&?“ KW, BEX4008 %
BFL2EH (1HATVR) , 258 (UBAYYP) RUSESE (08P9 Y k)
CHBRTHEL. BFERERLBEHLE.

® [RIFME (Free fat acidity)

UN—EFOREMARIBERCIVARIAEEAXRTOERENROBE L. A
ACCREHRIIVERL., BIREXED 10052V DKBIEAY T ADueRTEL.
ThERBHRELLE. |

@ REBKH (Cooking characteristics)

RBGHELIZ, HEXEZOERDISEIDHEROSEOKECMALEED. ¥
B RIBHE ORBERAET 550TH 5.

BATCHER, DAWSON et al . > O L X VBHREThEZ DAL, RN LAEKL DRES
FRILAISZZLATEZI LB FAOTCHDRAZTATEY., BRAEAES, LD o
1389) 76‘@)\[;7":0 %bf@l’i, @ﬂf‘§< mm%%Z.11.‘17.28.86.57.58.87.118.14-0)
K&V, SIZE, RESHORNELENBHNOER. s LRENEAOSEBREEE.
RE - BERBFCIIER, FRLERLDBERIIOVT., 53 VWEAREEL AR
ADTIO—RFER, TIO-XHR, BLEERE, 7IS-VEREERLYLOBEK
DVWTHEZN TS, EHIK., REBHELAKLOBEESE ARV L HETATY
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% 18, 21, 141, 169}
L}

ORI, REBEIRBEORKLBDEVYECZHREEO—DTHY. BE
BRETEORHEEITIIDATCHOITEELRHETH I L2200 5,

EHATHWEREBEREEIL, BATCHER, DAVSON et al .5 & QA EIcES T,
ﬁ#@@%%ﬂﬁ%éﬁt%#%ﬁﬁﬁ%ﬁ(ﬁ%#*ﬁ%ﬁ&ﬁ%m%ﬁ)miwt
ﬁ%”ﬂu@c,éaum<ﬁﬁ&ﬁu.#??~&®§ﬁﬁé%®%§%?.—$®
BEEBMHRLTH- . |

Fig. 3 0 K RMBUNEOEML AEHE L 2R L k.

Milled rice separated from broken kernel

Milled rice sample 10g

Soaking for 2 hours in distilled water
controled at 20°C(%1°C) by a water bath

Centrifuging for 10 minutes with roter
speed of 2000 rpm

I.Water absorption ratio#*

Milled rice sample 10g

Cooking for 20 minutes in distilled water
controled at 75°C(+1°C) by a water bath¥**

Cooked rice Cooking solution
ll.Water uptake Drying for 20 hours Filtration**
ratio at 80°C then for 4 .
- hours at 105°C#** - Vi.PH
ll.Volume expansion ,
ratio IV.Extracted V.Starch-iodine
solids blue value

Fig. 30. Schematic flowchart for procedure of measuring
cooking characteristics.
* indicates the adopted method in this study.
#*%* indicates the improved method for this
study. '
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i BRRFZAKE (Vater absorption ratio)

BREAKBIE. REGCHARERPEBELUEARBTORKETSHSZ. REHOR
KEFKRBEORKICEBELERIET > "2 hbd,. AWECHBERKEHELRED
RFGEMBICEMUTEREL .

Eﬁ&*$u,@ﬁﬁ&%ﬁ%ﬁﬁﬁibtﬁ—ﬁﬁﬁ&%””wE%&Kﬁwi%
KEUTRDE. ThbE, HE50m, EREMmOSAEREB>AF YL ABBES
KEBXIIgEAND., THhETF—F—NRXEAVT2C (£1C) CEEREELE
REKPIL2HMBERL. TO#. KYVOED ICARHEATRELEE L BEKI—
1808 (B —& —XRA-3%EH) 2AVT2000ren TCHIHHOBELAEET V. kR Ic &
UBRBRAEERDE,

BRBKE=BREHOXEE-BRIEAXER [EX]

TORLSEBICBEITBRCF (Relative centrifusal force) X t (Minute) if2590
E-HTHY, ThiILEOH P HRREOEBEIBEL T 3.

i JnEAWIKE (Vater urtake ratio) |

REEOKBBHAEETE. TREATVABAEBHREE L MBI HE LTI 5.
LALRALZDOHETR. MBARTERETIEDILEVSIATVIBREY Y —0
BEFABS<RVED. MRAREOES > HFFHxhE.

EITFRERLULUT. ERETREREAVEASEHHEOBERS LS WTEHE
L. ZORE. REBOBEKLRAUCOES D=4 HY . HIEBEHEOBYEL
KXBEHRIERREFDZZLABDOHE.

#-T. BREDABEBEAVTREEHAEERGO LR, F—30ERALRE
TERVWILALFEETHLILAWLE. ZITEHEERTR. EEHBOWELY #—
ANZXEMBEHWE. | |

MBERER. ChIBTEIHE 1R, REFAHBLT ) ERRRBIGHEOHE N
H#EL 22, TIT. MABE 2L EETCT o EFREROERR VSO IO HEH
STEREMNFBZLLT. REMOZRR2FEZELRI ZLOTE3MBAEE L LTIST
EBALE.

TRHL, HX80m, EEMmOAGEBAINTKEEXIlg 2 Ah, AZ0HOEH
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KRRELYF RO LES. TOBELEWMAZHALOANTT/ ¥Rk Y AIES
. BEKITRIEAD, HE2LDIxr—F AR ) BEKE % 15C(+ 1T B
btb—wﬁ—ﬁﬁu,ﬁ%@ﬁﬂ&#:kt%u&kb‘ﬁt@*ﬁéﬁ%somﬁ
umﬁﬁMﬁﬁﬁ?a.m%&uh—»z-wévx—aﬂx;umu&u,éauh—
WE-AEOAZERIML. TEROCKG D E LER. KR E U MAEAEE R
o RERTHDOMBBRALAEE TRY 1 HMTHo 2.

MBRAE=IKERER+HEXERE  [f55]

i EHEBEE (Volune expansion ratio)

REFHL AR, REKOBE L /) FRARIVARL. AR VEREER & n
L,

RBERE = R AR - R

=RERGZOM+BEARTEOM  [HEH]

‘&ﬁ‘ﬁt?m%ﬁm%bt%ﬁ%ﬁ,%ﬁ¢ﬁ%m&ﬁ%mb1w&n,nb@é
FLAXS 2] RBTHo k.

v REBPOBHEHY (Extracted solids)

F=VE—ARE R ERBEBEEAR TS RAIALBUL., “hicEEAK%EMAT200n]
KEET S. T22H52m127IVIRBKBEBICRRL. ch e REBEORELE -
DICEBRELEF —T YHI2BEHAR, X3 IA—TVOBRE®105 CLLTA4
HEEELEOSEARYERLHBL. 2OES 104EL TREK 2000 HOBEELY
EEERDE. |

v REBBEDOI—KEMEE (Starch-iodine blue value)

ART SRR KB 2 BE (HEREN.) CHELTREDLRET 3.
Al E I —F#EW (2.02 I :+208K I 71000n1H:0) 20l INBEE Inlk % 100n!
DARTSAINTHRERBTCRISEZELE. ChE2BHEAKCI0mI LEAETS. I—
K#Womi L INBERInl: 2 REATIOMIKERLESDE TS o0 L. HMEF
BAXHEHINBEHOTERImICEITZ LERBORKE (Absorbance) % HIE
L. ch&I—KEEELLE.

S-K-CARAEREEBRAE. KTARLERRT 37 I0—RRU7 3 O
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VFYDIL. TIOD—ROEHRSEABEL I— KL OREI EVBAT 25 0T
HBOTIN, —F, BERTARMKE. BLAY P I ORI F VIV EBREATE
U\:n#*ﬁoﬁv%%ﬁéﬁtué“Jﬂaﬁcf,%@&ﬁﬁ%i%ﬁ%%#@
ERLODVWTHAELEKS S QP 10-20.36.56.57.55.50. 14 G ip g — K . T4,
BIVREDBXELRBEOWHY L AOHEEGIH Y. BAEPEDIZELEHY bR
WeEEXZhTH3,

LALads. FRRCSVTREBHEAZONKL LERHER. A—SBOoELS
RELZRHTHBULHEARTS 3. 20D, BAEIIRBEIC L UREH»SRKED
u%ﬁ&btv&&&@ﬁ%ﬁﬁ?%%mktéo

56#Bwﬁat%ﬁiﬁf‘fb&h%ﬁ%ﬁﬁbt%ﬁ@&%ﬁ%m%b,#?
YT V=V avA—TeROELZ S,

Y =6.36X r=40.996"" r(11,1%>=0.683
SR, YRI-F - TALARAMRBICBIT 2% %E,
XRBUOTARABES (v/v) Tha.
EWISEBLBVEREDOSIRI B hE.

o, AFRTHBRAESIGELRERAOTARLOBERFS L L 55,

vi REBHEDOPH | |

ﬁﬁﬁ@ﬂﬁ@PH&iﬁﬂ%%ﬂ#ﬁﬁﬂ&yﬁPH}—ﬁ(M—mﬂ)émwf
MELE.

@ REAR [FHERR] (Taste testing, Semsory testing)

RAHCET 3 RORKRRIE. BHERBHAT (HRSBAFEF) TR, &
REDEFHE D EDLIC, 1966F I RBFYN RO RKRREASEE VS HES
&%ib,éemwwmu:nirﬁmﬁ%ﬁﬁiﬁgﬁja&ﬁb.é@flmuz
B (1~25&7~8H) EMEHRROABELEF TEREIL TV 3,

TITEHRCLBEWTH, TORBTFOFES Y LB LTRORKER L Z=HL
.
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Fig. 3 1LRKRERORBEREERL 2.

i RBEF (XX, Panel) OBEE

ﬁ%ﬁﬁu&éﬂi%%u%ﬁﬁéﬁtﬁétwumsN*ww@#%ﬁ%ﬁﬁ%u
ﬁﬁbrwé:aﬁginéc%mﬁ%a&%ﬁﬁﬁfﬁ,N*wmn&au.ﬁ%%
BIE20~39F RUVMF U EDE R IZIEAMIIC. ADOBRXBEERARITZ L L xhT
mé.b#b&ﬁé,ﬁﬁEKSmT%miﬁTEU.ﬁAf&hﬁ%@%uawtﬁ
<Ew&§&ﬁornéaﬁcf‘%@ﬁ%ﬁﬁﬁ@ﬂ&%ﬁ%%ﬁﬁoﬁ%aﬁnw
&bfﬂ$wmﬁwﬁﬁﬁéu$§%¥m&&h”h””kéntué,

Selection | of panel for this taste testing
Over thirty panel menbers were selected.
One half of them have experienced taste testing.

Milled rice sample 1 kg
without broken kernel

1

Rinsing | milled rice five times with'tap water

}

Soaking | for 2 hours in the tap water multiplied by 1.4
1 weight of milled rice

Cooking | for 35 minutes with The TOSHIBA electric
l rice cooker )

Aging | for one and half hour

.

Testing Appearance of milled rice
Appearance of cooked rice

Aroma *

Hardness

Cohesiveness

Overall flavor

Analyzing | taste testing evaluations with statistics

Fig. 31. Schematic flowchart for procedure of taste testing.
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%@ﬁ%ﬁ&@ﬂ*wﬁ&,ﬂkﬁ*ﬁ@mﬁ%ﬁ?‘??Kk%&%ﬁ@ﬁ%#&
CREFMOBENEZULSETU 9. Bit. RLIARRBOBRICSI LW AR
AVEEULTY. SIEREOSRVBTHAE. THShE2hOREERZE LES
HAH B0, |

SRHEDILHE. AHRORKRKRICE VTR, ARKRRCBAWRNEULOT
BERRVSE<ORIVERVBICLLLE. Z0REYRELASBEES D,
FVDSERUBRRERE L TEIMUSLTEIOLEDE. ZOKE. AHETH -
tﬁ%aﬁ&ﬁcr,Eﬁﬁ@%n@%#ﬁﬁﬁent%ma%isna,

$%®ﬁ%a&nsﬁaﬂ*wm,%ﬁﬁk#%%%ﬂ@&ﬁﬁ&&%émwﬁeﬁ
LMEBZBTH- k. ZTORRIELHENI58 (39%) , HFAEDHFH12% (32%) TH
V. RERARBRFIZI8L (47%) THo k.

i KR

REBLGEDERDREBEKRORKCEXZHELHRTIED. Ricm LEEE TR
ETVRRICHUE.

RIRICERERERRBEB/RC~ 187FR (1.8LK %, 600¥) 28 AFHELE. HH5ML
DIDKBEREAVTREFT AR EToERR. REHEOZEER4SBTH 22 L
AHDY. TRERRRRKE T3 REBBE0LE (54M) Y BATH- k. =h
KEUR—DREZUHFEOINEZ L FAREXhE,

REBEE. RRVECERT BB EF 2B LTHEER Lk A e,

BRE, RGP BOKFTHAXREETHRBLAEET. cha2SEHEYELE.
mARE. FERR2SCIMOFRM "> 105 inppu e v BHXEROD
1.4 fEOKT DD, BWEKRIksICHLTIALOKEMAIKEL .

BREMIE. HEXCASRBRKESEILD2BMEL. 208, SBAOKEST
B I AN BAIR IR 2 BAAE L 1= ' |
KREHFMIEZEL ZBLMTHY. ZOBRINPWESLTHBLBELRRBLE. KREL
PEIRERBRERBET 5210k ). BRRBOENL URHBLRS *O L db,
WAMORSLLORTDSL IBRMOMBLES. ResEBLE.

ARABBORBEORER. ¥SICTH- .
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i kA |

R, EAZLEHCLIREOLH AR 0L = h 3 HAELERS 100 12 &
ViT- . RORKMAREBESICIE MR (3 FH) | LWS>EHEHEAE A5 5. L.
BRIZ SRR ARG L BRI SN TEREENE 2L 555179 2 & ;b . KRBT
T%J@#Mﬁﬁ&%%b.N*wnﬁiw#ﬁ#usmrﬁ%%ﬂﬁttﬂ%?ék
DKRHb-> THBEE. T, BAROARIFBE A EPBEET L YRR S L T4
SREPEIN Y, FRRTHE. XIS OROASBEHE RN OTIEL X,
ThERBROEIKIT- . |
Tﬁbﬁ\ﬁﬁ%ﬁﬁfﬁ‘ﬁé*ﬂﬁ(Mnmmeﬁmﬂwdﬁw),ﬁﬁ%%ﬁ
(Apperance of cooked rice) , FY (Aroma) , WX (Hardness) , ¥ ¥ (Cohesive-
ness) , WAFM (Overall flavor) P EFEIKDNT, £MK L QMMM A LB X
VML .

ARR. R IHEIS R 2B ECOMBIAEERMULAVC E AEE LoD
LERTVBILDD. FRIBASEML 2.
HEDEBATRBELERRNVE:, HHRCERIC IV —TRERFLECRNE S 0k
RLRAB6TN—FiB. ERXXNVEAITN—FO2EARYEDAL D 1o 8K
EEBELE.
ﬁ&%%u%ﬁ%.Niwuﬁbfﬁ&32uﬁbtﬁ%ﬁ&%ﬁ§ﬁ&ﬁﬁb\&
SRUHRROEM, BITHUF, WELBRVFis. 3 3107 LA RKKRDMHEAM K
DEABFC DV TOBEETo 2. EEL. RETARBLOVWTOBREE—F5 %
o .
ﬁﬁm,Eéﬁﬂﬁ%ﬂﬁm(ﬁﬁnﬁm)@wﬁuﬁ,ﬁ,ﬁ,ﬁm?—féﬁu‘
RET—TONBLEML TR EE. BOMFICRERNRINV IV —FZ Lt B -
EEBEDEORBEBYNITHo 2. RAKBLT., RBZLicaBeOsd+ .
ORADEXRBREZOEEIRATIZLLLE. TERAHC EVWTHRE, RERUVHE
BREEBUTHBIRERLERD. £ AR UARRICENTED XS CEELE,
RONERERFMEDI BN, HESH, BERSFRLOBHGERE + 179 5 4
WTEHL E.
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HXABORME (288)
7 (2H8)

#

DRIWRARICE T 5 RMEET A CHEBER Gha) REBErL. 20
RE (%, &, 8) POXBERIVEBAT Y 3 D, RC» %>
S2EUTOEBIIIYMBELTLLEZ N,

MEKOHZ, S50, %R, o, BHBIC L VU ET 3,

REBEDEX, BHv, %R, oD, TRADIROHKIREH
TWEIEMEYHET S,
TRORVLERDENWHRT B H, TRALLTHEZTLVWEY HF
ADEIMCEXYHET B, .
PTRAEOORMIAN, MEBOEZExXicLVHET S,
TRARO0DRHITHER. MAGDOELR*BUETROLE D
CEVHETS. (DEERAEBPALALMALROEY)
PRERONE, BY, BE, BVRY2BALTEBL. 24
LUTEZHAHFLD, SFVELBEIIFThic K VHET 3.

REEF-R—-F & (BHZDY) OEBETHo T Ex 1,
%ﬁﬂ:kuE%TDET?wT#Baﬁéﬁn.DKAhtﬁﬁ
HEZDFETEHATL. ﬁﬁ&ﬁﬁﬁ%d)iiﬂnk%bf?ébn
TATEHOER L FAICE UWEL.%E@A@%EKM&B@
hRnXS5SKEEHEVWLET,

HREHDFTVEXRATRVWEE— Eﬂ&fﬁat(?"én E I §
NWADDPSRVNENSIDLZATY S ERMELAY ST O THSE
ERUCEULULTLEZ N,

Fig. 32.

Information of taste testing to a panel of testers.
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Fig. 33. Taste testing evaluation form.
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Table 11. Milling yield and degree of milling of tested
milled rice.

Abrasive type mill Friction type mill

Milling yield, % 93.7 92.7 91.4 92.7 91.2 89.5
Degree of milling, Z 93.6 92.6 91 .4 93.3 92.2 91.5
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Fig. 36. Unstripped embryo rate of . : ]

milled rice milled to different degree gifi 37- Bulk weight of milled rice
of milling on the commercial rice mill o t; to dlff?rent.degree of milling
and the two +type laboratory rice 1 the commercial rice mill and the
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Fig. 38. Fluidity of milled rice
milled to different degree of milling
on the commercial rice mill and the
two type laboratory rice mills.
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Fig. 39. Fat acidity of milled rice
milled to different degree of milling
on the commercial rice mill ‘and the
two type laboratory rice mills.
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h3. Fig. 40. Water absorption ratio in
cooking characteristics of milled rice
milled to different degree of milling
on the commercial rice mill and the
two type laboratory rice mills.
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Fig. 41. Water uptake ratio in cooking
characteristics of milled rice milled
to different degree of milling on the
commercial rice mill and the two type
laboratory rice mills.
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Fig. 45. Appearance of milled rice

‘milled to different degree of milling

on the commercial rice mill and the
two type laboratory rice mills.

* and ** indicate the significance
at the 57 and 17 level, respectively.
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on the commercial rice mill and the
two type laboratory rice mills.

* and ** indicate the significance
at the 57 and 17 level, respectively.
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Table 12. Milling rate by the abrasive type mill of tested
milled rice.

Degree of milling Milling rate

by
Abrasive Friction After After Abrasive
type type: . Abrasive Friction type Milling
mill mill mill mill mill yield
Sec. Pass A A % A
0 9 100.0 92.2 0.0 90.3
7. 7 98.7 92.1 16.5 90.6"
15 7 6 - 97.4 92.0 32.5 90.8
20 4 96.8 92 .1 40.5 91.2
30 2 95.7 92.5 57.3 91.8
80 0 92.3 92.3 100.0 92.0
Commercial
milled rice 98.1 92.2 Rh 4 90.3
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Table 13. Physicochemical properties of milled rice
milled from brown rice having three different
kernel temperatures on the friction type mill.

Kernel temperature before milling

Physicochemical .
properties of milled rice 10°C - 20°C 30°C
Degree of milling, % 92.1 91.8 92.1
Milling yield, % 91.1 91.2 90.9
Number of passes through

friction type mill 5 4 3
Kernel temp. after milling,°C 30.0 34.0 40.5
Risen temperature, °C 20.0 14.0 10.5
Broken kernel, % 8.1 8.8 10.5
Moisture content, % w.b.135°C 15.5 15.4 15.4
Whiteness, 7% 32.3 32.4 31.3
Translucency 62.3 57.3 55.2
Color ‘

L;Lightness 63.0 63.3 63.1

aj;Red(+) versus green(-) -0.6 -0.4 -0.3

b;Yellow(+) versus blue(-) 13.4 13.6 14.0

H;Hanter whiteness 60.6 60.8 60.5
AE;Color difference 0 0.4 0.6
Bulk weight, g/1 855 852 848
Fluidity, sec./150g 7.13 7.11 7.13
Free fat acidity, mg:KOH 3.5 2.5 7.1
Mold gathering after

3 months storage No No No
Cooking characteristics

Water absorption ratio 1.22 1.21 1.21

Water uptake ratio 1.90 1.90 1.88

Volume expansion ratio 2.23 2.21 2.10

Starch~iodine blue value 0.40 0.40 0.37

Extracted solids, g/200ml 0.28 0.30 0.31

PH 6.7 6.7 6.7
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Table 14. Physicochemical properties of milled rice having
four different moisture contents.

Milled rice sample

Physicochemical
properties of milled rice No.1 No.2 No.3 No.4
Moisture content, Z w.b.135°C 14.0 15.5 16.7 18.0
Moisture content, %2 w.b.105°C 13.1 14.7 15.8 17.3
Moisture content, Z w.b.PB-1D 12.3 13.8 15.1 16.7
Whiteness, % 29.7 30.5 30.0 30.6
Translucency 64.7 65.3 66.7 67.1
Bulk weight, g/1 861 856 850 839 .
Fluidity, sec./150g 6.74 7.00 7.02 ©  7.13
Mold gathering ‘
after 1 month storage No(-) No(-) No(-) Yes(+)
after 3.5 months storage No(-=) No(-) Yes(+) Yes(+++)
Free fat acidity, mg:KOH
after 1 week storage 7.4 9.1 9.1 10.3 .
after 5 months storage 18.4 25.3 X X
Cooking characteristics
Water absorption ratio 1.24 1.21 1.20 1.17
Water uptake ratio : 2.01 1.95 1.93 1.92
Volume expansion ratio 2.23 2.23 2.19 2.23
Starch-iodine blue wvalue 0.44 0.43 0.42 - 0.37
Extracted solids, g/200ml 0.35 0.32 0.28 0.27
PH 6.8 6.8 6.8 6.7

Method 135°C; Moisture content was detérmined in accordance
with SAMJ method(1975) by drying whole kernel of about 10g for
24 hour in an oven at 135°C(x2°C).

Method 105°C; Moisture content was determined in accordance
with drying whole kernel of about 10g for 24 hour in an oven
at 105°C(x1°C).

Method PB-1D; Moisture content was determined in accordance

with using a moisture content meter PB-1D made by Kett
Laboratory Co. Ltd..

-128-



O X%

%2ﬁut&ﬁbt&5k,ﬁ—ﬁﬁmmﬁ%iaéﬁ%fMEbE%%‘WE%K
FURONEASBEEREZ. 22T, 4BEOASCHBLARRBEROKLES
BERXRTHWTWY 3108, 8,135C, 24hour i DL, 10,8, 105°C , 24hour i R VB R B 5
AAKZE (o FPB—1DE) KX YURDE,

TOFR. Table L AWXRLAEKIK, IBCHIRIVARLEKSEDS%0.8% =
ERIShEZNERELSIK ZLIKEY. 105CHEEERY v hASFICEYRDEK
HEERHETEZ3 LM 2.

@ HABoFH
ﬁﬁﬁa%maﬁm,%J~M£%®ﬁﬁﬁ§ﬁ\$ﬁ£kka%&5—i®ﬁmm
BOLM R .

BAER. MERKSETICLERVETADD4.TAL DT MBI LE. Thbb.
FRAOKSBETEHARKSON B RIETEBEA T VWA, BKS OB EXDH
BAETEIERIRBD N E,

Kﬁ%@iéﬁﬁ%@%ﬁ&ﬁﬁbtﬂS“Tﬁ~$ﬁﬁMJ%(HﬂLﬁW&MW)
mﬁaﬂmmj%mﬁaﬁtm&bf\%%E%%ﬁﬁvﬁ<ﬂiék§%énfnén

® BERERUVEDH

@ﬁﬁ&ﬁ%&ﬁmga%mﬁu$quhﬁ%ﬁb,*%ﬁ&kk%ugﬁiﬁk
E<RY, RBBEHRL R £, |

© @t

MEKROBBEICE. BE, 88, BEEBRLONBTORE. SHaXks. BH
RKOBOREXEE. HAROKBESER Y OERFHEET 583 100

FETE, KPFEBE G- 2BARERUZFUVVABCERAZHENL, =8 (3
ARBSRRAIATTOHREDED, BEFTCHDBCTALBLICELLE) CTEEL
EIidb. BERKSDAOKEE P ADIERRRA—-THILL2LLN 3,

i AEORAE

BBRLLIERBOIEDORER. BHAXKSF18.0% ORI 1 n AWK EB IS
COREFBEER. £51c. 2AABKHRYIF UV ABAIEE AL L. X 5

-129-



ﬁeaa%uﬁﬁbtait%ﬁ*mﬁﬁmﬂ%maﬂmamﬁﬁmﬁE@%éﬁﬁ%
Xhiz,

AEDRBEIED RV, RBEEFHIRIE L. WHhYBEHBEINEII RKEBTHSIE
<BY., BHBRUXARIABILE. 2O&d EERIE. HE M ~2%ER U, B%
EA0~TIETFULE.

REVEACDOARET> TV RVWS, ZORLBEMS., KI2E < RET 23 Ase,
glaucusFER UAse. restrictusBIREBTIAREEH Y L Bbh k.

BAIBSTOBEOL. BARSRECHBEIAIICOLME. THLTIHAT
E%N“aébnfnéa%@tw‘ﬁﬁﬁwféﬁﬁﬁﬁﬁ.E%@%#uﬁwrzl
ARBEBETHBLEDN S,

HMEXKZ16.7%ORBE, 1T~25CTCORHBERTI VAR AEDRESNTD B
hEZLRKEY, ZH5EBEOEVWESICE. FVEWAEDOREFNFHEILSE. o
T. BERKSLUTIB.T% BT EILHBL -,

WAL IR, KYZFLVVBELEKS16.6% (135C,1Thour) DBE XL, T
(20~30C) QWAMOEHET. KRG 2X 10/ HIX10°/en LML =2 & &
5. CORBMOMEMBALREDE. £, AU HKYTFLYEBEULEKSI5.0%
(105°C ,Shour#i. ThEAHETCHVTW S I135CHTIEI6.0%) OBEKRIE. 2000
RUTT. 2HAMOBBIBVTRESLELNVIY X hTn3,

#o>T. ZHROMRESCKLEOFRMNNS. WEKOBBRLAHERBE16.3
%EETEU.:mK%MFwﬁE%M,Eﬂusﬁézﬁﬂﬁmﬁﬁuﬁiﬁéaﬂ
Brxhri.

i RIFME

1ARGREZORBEEROBHRER. HEXRAD LI0%0OREAH 7.40e. AL
1BO%DABN0.30sTHo 2. T, SHAMBERBROBHEREE. k514.0% D3
FHA18.4ns. AU 15.5% DRBH23.50sTH Y. 16.7T%RTI18.0% DBk » E R4k
DEDHRERBETDOR I .

ShEDILE. KPOBVHRBIENREFAFEB AT ILDBEREFS Y.
KEGDBEVEERTCH - TOHRMC LV ENREOSMALTE - FREEhE.

-130-



® mEBH

Eﬁ&$$u,$ﬁum%mﬁaﬁﬁhm.ﬁu<mm%®ﬁ5%ﬁLWTﬁu.*
ROBCHEROBREAESNE 2o 2, AR, BEASBERZBES AT FAR4
LTIz eHBEBLE.

MERKD L BRRKELZ. BOTHELAOMBEEFICH Yo 50 53 100
CREBEASHEAKIRRECBESLLPITLY, ChABRBAEENO—FTH
B0 L EATLE,

MBRKESBRBEAEL AR, BASOMEARIBRY OBERIC LT, B>
ErRLE.

BREREE. HERKP KB BMNW R A ED Dok,

%ﬁ%@a—ﬁ-fbﬁbﬁmnxémﬁﬁﬁ.ﬁE%Kﬁ@ﬁTtt%umm#B
0. 44~ 2L =,

ThiE. BEXOBRK B TRE S hAEAK S BEROREB A I EELT WS,
;Fabb. BROBELVARMEREBERFBMUAEIL LR Y. T AR 0RH 558
MU, REBOTASARELBD KR L ok L ZEX 005, |

%mﬁﬂ%m‘ﬁaﬁmﬁoﬁFtk%u.mmymwm@maﬁmwmAaQML
o THiZ. BUBREBRKEEOBRLARIC. KHOEVEEARERKIL L3820
EDRBEFEDOCASABENBVCLERLTNSLEABRE.

BRUBRYE. REXREORR LA EVORRCRBR BT ELETASADE
ERT. Uil FRRCTRA—MARERSFEBU CREEL Uk ro. K8 RE 0 &
FUORBACLAZSh. BHARYRREETOCARALEL BT ooty
Bbhs.

RBEFEDPHIE, ERBUBVWTERIEDShAE o .

@ RIKFM

O KHWBESORKEMHE
H&Slmeﬁ&ssk.ﬁE%wmﬁﬁgﬁﬁuimbtﬁ%ﬁﬁuﬁﬁé‘ﬁE
RIE, KBRS, Bx, #Y, BVRURABBLOWTORESRLE.

-131-



Ewuﬁut‘%%*&U**M%H%Kﬁﬁum%wﬁﬁkﬂwﬁﬁﬁu.ﬁ&&
5%2&@%m$uf‘ﬁﬁaéﬁba:a&ﬁ?°ztﬁ%wﬁMﬁam*&U**
. BBOBERASFZOREHE A LT, ARCEEERBBE 5252 2 nd.

i HEXABRRURERAE

Fig. 8 1 & hiT, BERABRRAKS U I%0RBILY. O 3BEORS T 1E1T
ﬁﬂgmﬂﬁfﬁntn:nﬁ,%uﬁ&tﬁﬁgnﬁnt,ﬁmﬁmﬁa%M%ﬁﬂ
HAEFTB3L LAz —HT 5.

éau‘:nemﬁa%éﬁﬁbt%mﬁﬁm.H&Sékﬁbk&iu,xﬁum
PORHTBLREED. HORBLERESLC. 2o, BERKSICE Y RERHA
BUERENE LB HES AR,

KET40% DRBOKBHKARSMERN BRI HB L T—BLELEOR. BEEs
BRUEBIKEC3BBCERLTW 3.

TRDE. KBORRIBEREA KB TRELESAOKRE LAY 2 BEL 24
HMPRBREATVBESI L. BRAFBEREBRUEBORTEEREONBE<TL.
WHOB THERI TV EMME LS L 0D, TAOKBKABAE < BEE b &
Bbhs.
AMEDOREAVTRRIERIET KR ASOBBERABELAM I LB NWTH . &HF
REARC. BRPORERBERABAELS 2 BEXh 55855 ho k.

+1 T T

+1 T T

3
oF //’&_“W=“o

Appearance of milled rice
Appearance of cooked rice *¥*
o
I

O

-1 ! | -1 I !
14 16 18 14 16 . 18
Moisture content, 2% Moisture content, %

Fig. 81. Effect of milled rice moisture
content on appearance of milled rice.

¥ indicates the significance at the
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Fig. 82. Effect of milled rice moisture
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Table 15. Analysis of variance for regression analysis between

crushing hardness of brown. rice and electric energy
consumption of @he abrasive type mill.

Sum Degree Unbiased

of of Unviased variance F-Value
Factor square freedom variance ratio 1Z
Regression variation 0.12 1 0.12 57 .12%% 9.65
Residual variation 0.02 11 0.00 )
Total ' 0.14 12

% indicates that +the electric energy consumption of the
abrasive type mill has a significant regression from the crushing
hardness of brown rice at the 1% level.

Table 16. Analysis of variance for regression analysis between
crushing hardness of brown rice and electric energy
consumption of the friction type mill.

Sum Degree Unbiased

. of of Unviased variance F-Value
Factor square freedom variance ratio 1%

Regression variation

of first degree 2.84 1 2.84 321 .833#* 10.04
Regression variation )

of second degree 0.42 1 0.42 47 .19 10.04
Total regression

variation 3.26 2 1.63 184 .51 % 7.56
Residual variation 0.08 10 0.01
Total 3.34 12

#*3% indicates that the electric energy consumption of the
friction type mill has a significant regression from the crushing
hardness of brown rice at the 12 level. .
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Fig. 98. Relation between crushing hardness of brown
rice and electric energy consumption of the
two type rice mills.

¥%* indicates the significance at the 1%
level.
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Fig. 99. Relation between crushing hardness of brown

rice and milling time of the two type rice
mills.

*% indicates the significance at the 19
level.
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Fig. 100. Relation between crushing hardness of brown
rice and broken kernel in milled rice by
the two type rice mills.

#%* indicates the significance at the 1%
level.
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Table 17. Simple ‘correlation coefficient between taste evaluations and
physicochemical properties of milled rice. '

Appearance
Milled Cooked " Hard- Cohesive- Overall
rice rice Aroma ness ness flavor
Miosture content X X x -0.54% x X
Translucency Q.77#%%  Q,75%%% (Q,75%%% X 0.70Q%%%  Q,80%%*
Whiteness X b'd b'd X X X
Lightness X X X X X bd
Hunter whiteness X X b4 X X X
[a] value =0.64%%  _0.64%% _0.53% X -0.58%  _0.67%*
[b] value -0.65%%  _Q.64%% _Q,57%% b'd -0.60%  ~Q,65%%
Unstripped embryo rate  -0.88%%% _(Q,Q9Q#x# =0.84%%  _0.4T* <0, 74%%% 0, Q7%
Fluidity X X b4 X X b ¢
Bulk weight . 0.80%%%  Q,71%%x ' Q,75%%x (,53% 0.67%%x O, 76*xx
Free fat acidity =0.87%%% _Q,82%%%x _Q, 81k b 4 =0.69%#% 0,8 %%
Water absorption ratio X b'd b4 b4 X X
Water uptake ratio x X X X X X
Volume expasion ratio 0.51% 0.51% 0.42 X X 0.49%
Starch-iodine blue value 0.77%%% (,68%%% (Q,76%%x% X 0.58%%  Q,72%#x
Extracted solids =0.80%%% _Q,86%%x _Q,77%xk X —0.72%%x% _Q,7Q%%x
PH X X X b'd b'q b'd
Appearance of milled rice 0.95%%* (Q Q7#xx X 0.88%%%x (Q,Q8%*x*
Appearance of cooked rice . 0.93%%%x  (,48% 0.88#%x%x  (,96%%%
Aroma X (0.85%#t Q5%
Hardness X p 4
Cohesivenes 0.94%%%

r(19,5%)=0.43%, r(19,1%)=0.55%%, r(19,0.1%)=0.67%x%x

*, ¥% and *** indicate the significance at the 5%, 1% and 0.1% level,
respectively. '

X indicates the nonsignificant correlation.
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Table 18. Simple correlation coefficient, multiple correlation coefficient and
contributory rate between taste evaluations and meaningfully
correlative physicochemical properties of milled rice.

Appearance
Milled Cooked Hard- Cohesive- Overall
rice rice Aroma ness ness flavor
Translucency O0.77%%%  Q,75%%x X X X 0.8Q%%*
Unstripped embryo rate  -0.88%#% _(Q,gQ%xx X b X -0.87%%*
Bulk weight x b'd X b X 0.76%%%
Free fat acidity bd X -0.81%%x X —0.69%%% 0,8/ %%
Starch-iodine blue value b'd b4 X X 0.58%% Q. 72%%%
Extracted solids X b'd =0, 77%%% b'd X -0,79%%%*
Multiple
correlation coefficient  0,88%%% (,9Q%x% (, 87w X 0.70%%%  (Q,Q7%%%
Contributory rate, % 78 81 76 X 48 94

r(19,1%)=0.55%%, r(19,0.1%)=0.67%%x, R(18,0.1%)=0.66%%*, R(14,0.12)=0,74%%x

¥¥% and *** indicate the significance at the 1% and 0.17 level, respectively.

X indicates the nonsignificant correlation or nonmeaningfully significant
correlation.
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Table 19. Effect of milling rate by abrasive type mill or friction
type mill on milling characteristics and quality and
taste of milled rice.

Increase of more milling rate

by abrasive by friction

type mill type mill
Milling characteristics
Efficiency of time High X
(milling time) ' (Short) X
Efficiency of energy High X
(Electric energy consumption) (Little) X
Risen temperature by milling Low
(Heat generation) : (Little) X
Effect of changes of physicochemical
properties(Kernel temperature or
moisture content) of brown rice Little X
Breakage by milling
Broken kernel . Few X
Moisture reduction Low X
‘Quality of milled rice
Translucency X High
Whiteness X High
Unstripped embryo rate X Low
Bran residue X Little
Color X Nearly white
Bulk weight X Large
Quality changes during storage X Little
(Free fat acidity) X (Low)
Cooking characteristics
Water absorption ratio , High X
Volume expansion ratio X High
Starch-iodine blue value - X High
Extracted solids X Little
Taste evaluations
Appearance of milled rice X Good
Appearance of cooked rice X Good
Aroma X Good
Cohesiveness X High
Overall flavor X Good
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STUDIES ON RICE MILLING, AND
QUALITY AND TASTE OF MILLED RICE

SHUSO KAWAMURA
SUMMARY

In the past, most of the milling plants in Japan were installed in retail
rice outlets, so milling was pérformed as part of their distributing service.
The milling plants consisted mainly of small rice mills with power 1less than
10 HP. Subsequently, the Food Agency carried out measures establishiﬁg
large-scale milling plants during 1963 - 1964 and 1967 -~ 1971.

By 1984, this resulted in 624 large-scale milling plants (greater than 50
HP) in Japan. Moreover, following the spread  of these large-scale milling
plants, rice conditioning operations - milling pre-processing of brown rice by
adjusting the temperature and moisture content - were put to practical use. In
1984, these conditioning units were being operated in 160 large-scale milling
plants. In most of these plants, so-called compass rice milling units -
consisting of the combination of one abrasive-type mill and three
friction-type mills - were used for milling.

As described above, milling plants have been becoming larger and
modernized, but the brown rice temperature and moisture content for compass
rice milling units as well as the optimal milling method have yet to be
clarified.

- Under these conditions, the author has investigated the optimal milling
method for thé compass rice milling unit as well as the optimal brown rice
temperature and moisture content, with due consideration for milling

characteristics, and quality and taste of milled rice.

-183-



1.

Basic Investigation at Milling Plants

Sampling tests have been continuously performed during the past four

years to measure the temperature and moisture content of pre-milled brown rice

at large-scale milling plants. The following data has been obtained.

(1)

(2)

(3)

The temperature of brown rice before milling was below 0°C in winter and
30°C in summer, with a moisture content between 14.7% and 16.8%.

In milling nonconditioned brown rice , the temperature increase during
milling (from brown rice to milled rice) showed great differences due to
season: in winter, it rose from 0°C to 30°C; and in summer, from 30°C +to
50°C. In milling conditioned brown rice, however, the temperature
inerease did not change with season: it rose from about 22°C to 38°C.

The moisture reduction caused by milling was around 0.3% in conditioned

brown rice and 0.1% in nonconditioned.

Comparison of Milling Characteristics of Laboratory and Commercial Rice

Mills

The milling characteristics of abrasive-type and friction-type laboratory

rice mills, each with different milling actions, were studied and compared to

a commercial rice mill(a compass rice milling wunit). The following results

were obtained.

(1)

(2)

(3)

With the abrasive-type mill, the degree of milling and the milling yield
were almost identical. With the friction-type mill, the milling yield was
0.5 - i.5% lower than that of the degree of milling.

As the electric energy consumption increased, the degree of milling
decreased by almost the same ration in the abrasive-type mill. In the
friction-type, the degree of milling drastically decreased in the early
stage of milling, but decrease lessened as the milling advanced.

In the abrasive-type mill, the amount of broken kernels contained in
milled rice was 0.8 - 1.4%. In the friction-type mill, the amount

drastically increased from 2.8 to 5.1% as milling advanced.
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(4)

(5)

(6)

The milled rice temperature rose as milling advanced. At the same degree
of milling, the kernel temperature produced by the friction-type mill was
5 - 8°C higher than thét of the abrasive-type mill.

The above differences between the milling characteristics of  the
abrasive-type and friction-type mills are due to their different milling
actions; i.e., in the abrasive-type mill, the bran layer (the surface of
a grain of brown rice) is removed by the abrasive and grinding action of
the rotating emery roller, on the other hand, in the friction-type mill,
it is exfoliated by the frictional and shearing action caused among
grains of rice subjected to external pressure.

Since milling characteristics of the commercial rice mill were similar to
these of the friction-type mill used for the experiment, the information

obtained in this study can be applied to them.

‘Changes in Physicochemical Propefties of Brown Rice and Effect on Milling

Characteristics Caused by Storage Condition and Storage Length

The effects of aging on milling characteristics were studied by storing

brown rice for 2 years and 7 months under three different conditions; in a

typical store house (the kernel temperature ranging from O - 24°C) in a

controlled environmental room at room temperature (19 - 21°C), and in a

refrigerator (2 - 4°C). The following results were obtained.

(1)
(2)

(3)

Aging had no observéble effect on the brown rice moisture content.

After storage, the brown rice hardness decreased by 0.5 kgf. The decrease
in hardness was considered to have occured not in the bran layer but
mainly on the endosperm.

In milling cooking rice, no effects of aging on milling characteristics
were observed; énd in milling aged rice to the same degree of milling as

new rice, there was no difference of milling time or electric energy

consumption between them.
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4. Effect of Brown Rice Temperature on Milling Characteristics

To understand quantitatively the effect of brown rice temperature on
milling characteristics,‘ a milling experiment was performed with kernel
temperatures kept at 10, 20 and 30°C. The following results were obtained.

(1) Brown rice hardness decreased with the rise in temperature. As previously
noted, the effect of aging appeared on the‘endosperm, but that caused by
the change of temperature appeared in the bran layer as well as in the
entire endosperm.

(2) Brown rice with low kernel temperature produced much heat when milled, so
the temperature greatly increased. The absolute value of the temperature
of milled rice after the completion of milling‘was small.

(3) An increase in brown rice temperature caused a decline of hardness; thus,
milling time and electric energy consumption decreased, improving milling
efficiency. On the other hand, with a decline in brown rice temperature,
the rise in hardness produced broken kernels less frequently and whole
kernel yield improved.

(4) The effect of brown rice temperature on milling characteristics of the

abrasive-type mill was smaller than that of the friction-type.
5. Effect of Brown Rice Moisture Content on Milling Characteristiecs

The quantitative effect of brown rice moisture content on milling
characteristics was studied using brown rice with moisture content adjusted to
1444%, 15.6% and 16.8% w.b. (10g, whole grain, 135°C, 24ihour method). The
following results were obtained.

(1) As the moisture content decreased, the hardness increased. The change of
hardness occurred both in the bran layer and in the entire endosperm as
in the case of a temperature increase.

(2) Brown rice with high moisture content did not produce much heat in

milling, so the kernel temperature did not rise very much.
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(3)

(4)

When the hardness declined due to an increase in moisture content,
milling time and electric energy consumption decreased, improving milling
efficiency. On the other hand, a rise in hardness due to a decline of
moisture content, produced broken kernels less frequently and whole
kernel yield improved.

The effect of brown rice moisture content on milling characteristics of

the abrasive-type mill was less than that of the friction-type mili.
Quality and Taste of Rice Milled by Laboratory and Commercial Rice mills

The quality and taste of rice milled by the abrasiv-type mill or the

friction-type mill used in the experiment were investigated and compared to

that milled by a commercial rice mill(a compass rice milling wumit). Moreover

the

was

(1)

(3)

(4)

effect of the degree of milling on the quality and taste of milled rice
also investigated. The following results were obtained.

At the same degree of.milling, the rice milled by the friction;type mill
showed lower whiteﬁess, higher translucency, and lower unstripped embryo
rate than that milled by the abrasiv-type mill. As the degree of milling
decreased, both cases of milled rice showed a rise in whiteness and
translucency, and a decline in unstripped embryo rate.

The bulk weight of the rice milled by the friction-type mill was larger
than its counterpart. However, no difference was observed in the fluidity
of rice milled by either type of mill. With a decline in the degree of
milling, the bulk weight of milled rice increased and the fluidity
improved.

The rice milled by the abrasive-type mill and the rice with a high degree
of milling had higher free fat acidity. /

Use of the abrasive-type mill produced a higher water absorption ratio
than in its counterpart, but there was no difference on water uptake
ratio. The friction-type mill produced a higher volume expansion ratio
and starch-iodine blue value than the abrasive-type mill, with the latter

extracting more solids.
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(5) The abrasive—ﬁype milledbrice had many scratches caused by the abrasive
rollers and residual bran on the surface of each grain of rice, so each
grain was white and milky as frosted glass. On the other hand, the
surface‘produced by the friction-type mill was vsmooth, polished and
transparent.

(6) In taste tests, the friction-type milled rice with lower degree of
milling had the best overall flavor, with‘a good appearance, aroma, and
cohesiveness. The most conspicuous difference between both types of rice
was in the evaluation of appearance.

(7) With lower degrees of milling, the rice obtained higher taste
evaluations. Therefore, the taste of aged rice, brown rice of lower
quality, brown rice with lower taste evaluations can be improved by
milling them to a lower degree of milling.

(8) 1In quality and taste taken as a whole, the friction-type mill was
superior.

(9) The quality and taste of rice produced by the commercial rice mill were
similar to those produced by the friction-type mill used in the.
experiment. Therefore, the information obtained in the present study can

be applied to commercial rice mills.
7. Effect of Milling Method on Quality and Taste

The effect of milling rate on the quality and taste, when using an
abrasive-type mill, was investigated to better understand the compass vrice
milling method which uses a combination of abrasive-type and fricion-type
pills. From the investigation, the following results were obtained.

(1) An increase of milling rate by the abrasive-typemill produced the
following: translucency; whiteness, lightness and Hunter whiteness
decreased; redness and yellowness increased due to the increase of

residual bran; and unstripped embryo rate increased. All of these changes‘

contributed to the deterioration of appearance when the milling rate
exceeds 407, all color differences cease.
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(2)

(3)

(4)

(5)

The storage stability of milled rice declined with the increase in the
milling rate.

The loss (i.e., the decrease of moisture content and the occurrence of
broken kefnels) declined with the increase in the milling rate.

As the milling rate increased, the water absorption ratio and extracted
solids 1increased, and the volume expantion ratio and translucency
decreased.

Rice produced with high milling rate had inferior appearance, resulting
in cooked rice of inferior appearance and aroma, and little cohesiveness
and poor overall flavor. For each of theée quality evaluation itenms,
there was a significant difference between the rice with more +than 40%
milling rate and that with 0%. Therefore, considering the great interest
of consumers recently in the quality and taste of rice, the milling rate

should be within the range 0 - 35%.
Effect of Brown Rice Temperature before Milling on Quality and Tste

The effect of brown rice temperature before milling on quality and taste

was investigated. The optimal range was examined by using kernel temperatures

of 10, 20, and 30°C. The féllowing results of the investigation were obtained.

(1)

(2)

(3)

Higher temperatures before milling resulted in lower translucency, an
inferior appearance, higher free fat acidity and worse storage stability.
Moreover, it exhibited a lower water absorption ratio, water uptake
ratio, volume expansion ratio and higher extracted solids.

Lower kernel temperatures produced rice whose taste had high overall
flavor - it had good appearance and aroma, being soft and cohesive.

There was a decline in milling efficiency with kernel temperatures of
10°C. The appearance, storage stability, and taste éf milled rice
deteriorated with kernel temperatures of 30°C. Therefore, the optimal

temperature before milling is within the range 15 - 25°C.
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9.

Effect of Moisture Content of Milled Rice on Quality and Taste

Using milled rice with moisture content adjusted to 14.0%Z, 15.5%, 16.7%,

and 18.0%, the quality and taste were investigated, the optimal milled rice

moisture content determined, and finally, the optimal brown rice moisture

content before milling was calculated. The following results were obtained.

(1)

(2)

With a decrease in the moisture content in milled rice, the translucency
declined, the bulk weight increased, and fluidity improved.

After one month, the growth of mold‘was observed in milled rice with an
18.0% moisture content; and after three and a half months with 16.7%
moisture content. The rate of increase of free fat acidity caused by
storage was higher in rice with a high moisture coﬁtent. Considering
storage stability, permissible water content of milled rice is around
16.37%.

With a decrease of moisture content in milled rice, the water absorption.
ratio and the water uptake ratio increased. It should be noted that
cracks occurred on the grain surface when soaking rice with low moisture
content. Due to these cracks, the amount of starch flowing out into the
cooking solution increased along with starch-iodine blue value and
extracted solids.

Rice with low moisture content had an inferior appearance both milled and
cooked, with the cooked grains hard and without good aroma. Both high and
low moisture content rice had low cohesiveness. Overall, rice with 15.5 -
16.7% moisture contént received a higher evaluation than that with
moisture céntents lower than 15.5% or higher than 16.7%.

The taste deteriorating rate caused by storage was higher in milled rice

with high moisture content than with low. After three months, taste

evaluations for both types reversed, with the 14.0% moisture content rice

evaluated to have the best.
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(6) The optimal moisture content of milled rice, with consideration for
quality and taste, is within the range 15.3 - 16.3%. Since the average
moisture reduction caused by milling is around 0.2%, the optimal moisture
content of brown rice before milling is within the range 15.5 - 16.57%.

10. Relationship between Brown Rice Condition and Milling Characteristics

The relationship between brown rice condition before milling (i.e.,
degree of aging, kernel temperature, and moisture content) and milling
characteristics was analyzed quantitatively. Then the range of the optimal
brown rice hardness was calculated with consideration of the milling
characteristics.

‘(1) Aging caused by storage did not affect milling characteristics, - but
kernel temperature and moisture content had a great influence to the
change in brown rice hardness. With regard to milling characteristics,
the effect of brown rice temperature and moisture content are combined
and represented by brown rice hardness. |

(2) With a decrease in kernel temperature and moisture content, brown rice
hardness increases. A 10°C change in brown rice temperature or 1% in
moisture content caused a change of 1 kgf in brown rice crushing
hardness.

(3) TUsing the abrasive-type mill, electric energy consumption and milling
time constantly increased as crushing hardness increased. With the
friction-type mill they increased as the square of crushing hardness. On
the other hand, the occurrence of broken kernels caused by friction-type
milling increased inversly as the square of crushing hardness declined.

(4) Considering the electric energy consumption, milling time and occurrence

of broken kernekls, the optimal brown rice hardness should be whithin the

range 7 - 8 kgf.
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11. Relationship between the Physicochemical Properties of Milled Rice and

Taste.

The relationship betwegn physicochemical propertiés of milled rice and
taste was analyzed. From the analysis, taste was experimentally estimated by
physicochemical properties. The following results were obtained.

(1) Among the physicochemical properties in the present study, the items
closely related to the overall flavor of taste are the following:
translucency, "a" value, "b" value, unstripped embryo rate, bulk weight,
free fat acidity, volume expansion rate, starch-iodine blue value, and
extracted solids.

(2) Translucency and unstripped embryo rate were the physicochemical
properties closely related to the appearance of both milled rice and
cooked rice. Free fat acidity and extracted solids were those related to
the aroma, and free fat acidity and starch-iodine blue value were those
related to the cbhesiveness. Bulk weight was a property closely related
to each of the above taste evaluating items. The multiple correlation
coefficient of these six properties to the overall flavor was 0.97, and

the contributory rate was 94%Z.
12. Examination for the Rationalization of Milling

The effects of the compass. rice milling system on milling
characteristics, and on the quality and taste of milled rice were ranked. Then
the optimal brown rice temperature and moisture content before milling were
determined from the milling characteristics, and quality and taste of milled
rice. Based on these results, an examination was performed on how best to
execute rational milling.

(1) With an increase in the milling rate by the abrasive-type mill in the
compass rice milling system, milling characteristics improved. When the
milling rate by the friction-type mill was increased, the quality and

taste improved.
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(2) In the compass rice milling system, it is reasonable to adjust the
milling rate of the abrasive-type mill within the range O - 357 depending
on the relative importance of milling characteristics versus the quality
and taste of milled rice.

(3) When conditioning brown rice, kernel temperature and moisture content
should be adjusted to the desired range as calculated by following three
formulas. By milling brown rice conditioned within this range, suitable
milling characteristics, and quality and taste of milled rice can be
obtained throughout the year.

17 <= 0.1X + ¥ <= 18

15 <= X <= 25

1545 <='Y <= 16.5

where

X is brown rice temperature (°C), and

Y is broﬁn rice moisture content (Z, w.b. 10g, whole grain, 135°C,

24 hour method).

To rationalize rice milling, the purpose of the present study, the
important points involve the improvement of milling characteristies as well as
the quality and taste of milled rice.

To improve milling characteristics, a milling system consisting of the
combination of an abrasive-type mill and three friction-type mills (i.e., the
compass rice milling unit) was developed. To improve the gquality and taste of
milled rice, a rice conditioning technique was developed. However, the
equipment is often not employed efficiently because compass rice milling unit
and adjustment of brown rice temperature ana moisture content are performed in
the absence of studies related to milling characteristics, and quality and
taste of milled rice.

Milling was rationalized to a greater degree by optimizing the compass

rice milling method, brown rice temperature, and moisture content.
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