HOKKAIDO UNIVERSITY

Title BRERFEICSA2XREORE
Author (s) NIAS, E=; KAWNAMURA, Syuso; fFEk, MZ
Citation LBERFERFEARCCE, 13(4), 467-476
Issue Date 1983-07-11
Doc URL https://hdl. handle.net/2115/11989
Type departmental bulletin paper
File Information 13(4) p467-476. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




BRI S L DL R E O E

NIHB= - BFBERAME - W&
(LA 5 0 B T I KR 2 59
(W8A157 4 5 A 7 B 5t)

Effects of Physical Properties of Brown Rice on
Milling Characteristics

Shuso Kawamura, Kazuhiko ITo
and Yoshinori IKEUCHI
(Laboratory of Agricultural Process Engineering,
Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

1. #

BB T A BRI R VIBE AL, A6
REheTRE—EE KO ko E
oS H L INEETER 3 T OMERE:, BEkoMmEY
FEMARULLIATV5, Z0%H, REEDIIRESE L
FKOFE - R B XL OREEkROME & Ek & OB
FRIZDWTHRE L TV58, i, JIRBLIBkEREEOX
Ko sk B BT 2D, W X BHEIRRE © 7)
HHFR TR > TV 58, ThLDOWENREHmEIhT
TR L DERMIEEB U, EEEYE % R
BUTOZ ECKRESEILLDDH D,

(1) REAI384E X b AT I KBREAAR R OE AL {8
HEREY B AL, B2 3 o REREHERS MR R E
HEOWRS AN LKA THOE R B T &
9, FoFEE, FRIESOFE X UITIE 56 £ 3
BEE, 2E-C605EHHOREE X THLEHL TV
Bo BEFOKEBHFENE TIIA BAAEBREZFH 10 b v
(Fk) LIF e nhns, KERXTYE c A BPEY 500 +
v (K L LoMBENERF - Tw5, chbokH
¥k TIB RSB TIHIZRE R & BBk e v
Watbe, LR IEEBS 50X CEBELKRT X
#5FHE (L@ b Combine-onepass 3K) TEH L
TV BBHRE,

(2) FRIEOEBILC o WO A TREFRRER
Uiz Bl # ORISR 2 LXK BB O REE
ETBEEEMA A D, LIoh o TR ESCREOK 5

=
a

467

ZER RIS LB TREWD B 5,

() dedenE, L, AtREMFSOSES M CIRANIRIT
ERICkOEEY AR Sh w5, 48R, Bl
5 OREEI I\ CIPEHIT R O XK 2 IBERR
Py ERRTAERTIE LAY, T0X I BEAD
LRI ER IR OB & S ST BRIEH
»5bo .

@) THRoOREHETHESRIhC X > TREEO R
HREHETH BNCSCROBREEAEE LTVWb T &
BRDLA, FZHCERSEFAFSh, HENERD
ZREAE T HEE S EMLo0H B,

(6) kOLFEROHMEBBREORACH I EkD
FEEEVRHMLCE Y, EkOBT B E Ok
RBBRTWB,

6) BETEZC LEAERORBEYA LI %
HiVE LT, BBk oK SR 383 22k
HIFEDRE R LB T w5,

Pl & ERe B b CRIOZELEH L, BikT
BCRBRIZCR OB, S8, Koy, BE, BPEUIRS
X hiRkERE, WEENE, BN, oAk
DEE, K, R BFRERGOEEEELRLS
T LR AL T VA, L LTSk &
TR Lo W TE B AN LR B L BlizTa s,
FORHEELL, BREEEREEBENCEE TS
FiEr RCHIA L UKOIREBET2 2R Y &
Fie

AR TIL, Rk ST 2B OBREYAEL, =



468 B A FRERPLRE F13% H4E

hes% e LTHEERRE S & BB R O
bk 205 e Lic R CERIZCROKSy, R, T
Ml pigssitc 5 x 5 el kL AV L
oD T DERTOVTHRET 5,

ok, ABRAEHETHCHi h Rz kEREELT
Wik ek 7 v v BERRRS EEA S, B IUREX
D HERIT O B ORI BT A TR
Bt vtk 2 LR A AA T~ g VERL
DL EERT 5.

. B FH &%

1. BEIBCHIZRE

HEBRTEIH 7 VIR T A AAT -2 3 v TH
Do MT A AART — v 3 VIIEXRTS L hicBiETS
BB B R A B (A ek T35, LTI
B OEPES) X oo T\ Be Bk TR e SUERT
Bl vt AREREE CPAARN2HBRESh, 1H
WAk T IO EOMER NEELTD, = V2R
KRR L B TR R, 2, 3, 4 B R
BEERR R T B,

FEER & U TRERRZCkOKS, BiRR Sk OIERKR
DORSEKRE X » L.

2. O

(1) DREISURERHE  BREIRRE RS & UM BEirR
KBRS TM-05 Bl & v 7o, ABIBTH = — L=
R OFER LTl v — A OB EETH B,

2) BEABRAE EEERE S Uil
E—& Y VA MCM-250 Bl % o, ALK EH
NS KEEE LTHI IR TV B0, F ORI
B TR B LT 5 00, SRERF /NS K
BELTHCORAB1: 5V ABEOS A » —LEH
F21500 rpm (25571 T, Tkok v ATFEOFRE T
v v # OB NEES XOWARIEE D2 B IKHIR
OHADOMERK EMBEEL B L X B AR QR
MHRETH B,

3. HERX

PERRZOKIIIBTN S3 AR T4 > » Y | 2% (5
R T, BBFISSELOH IR L vHRT A ARTF
— v VIEEEET DA 60kg AR TANEEL,
TR BT Uis, BP R TP O3 K 18 BV BB s e
15°Cch b, B2 Aekk —05°C ¥ ¢ETL, 8A
CEE 25°C ¥ CER L,

4. EBREH

KRR L U OB OB &EY S L e

B OBRR R O AW T B 2 L I E
LTfifmte (BBRL ET5) XDLIFREORNEME
B E L, RRFkoKS, B, EROREN
B Sz 2L T ERENELT
Tt o7 (B2 &T5),

1) EB1 THREKE TR —VEER -2
B, RBE LB S i, v — VEEER % 930, 1230,
1520 rpm (15.5, 20.5, 25.3s5~1), wm — KL % 30, 40,
60 mesh & U, BRIEEIHEER% 100, 150,200 g &
Lico fods, SRAOHHEEREO S QREEELR
BB mic 2 2IEHIR O R T LB Lz ¢ 5
2%, EEERRKEIEPUR & S8R L Ty icdEE
BEEYE25 L XV EEYTILI R,

BEBGRRS R LR B R B m OB R < 2o B
BIOWBRES > + v ZENEEYEL 327, BHK
s BFE F % 110, 226, 34.2 gf/em? (10787, 2216.3,
33539 Pa) & L, BI0 W% 1.2, 26, 4.0cm? & Lz,
AP ERIT—#200g & L,

S8 L BV TR O K 4713, 15.9077 (w.b), Bk
3. 20°C, NEHOKEMRL8 »ATH 1,

(2) EBE2 HER2 BRIk SY Table 1
CRT. Rl die, EKDOKIIL15.88 (Ex-
periment No, 2-1), 11.71% (2-2), g i& 1% -5 (2-3),
5 (2-4), 20 (2-5), 30°C (2-6), NEEGERF IR 4 (2-5),
11 # B @-7) DR 2V T HEFRFRERE TR 1,

SEEA 2 DS, THEIRERE L - — AR E
1230 rpm (205571, w —AKIEEA 40 mesh, RApIEE
w200g &1, BEEFEREBR KB n DEH i
B % 11.0 gf/cm? (1078.7 Pa), B > + » 4
BENER % 2.6 cm?, BB EES 200g & L1z,

5. flEEE

1) HBBEHR RARTREIFC X vEREONE
BEHERUE LR LEBBR L OB X YIHBREIEY
B Ui, MWBENEIEM LOBBCERN bk
BoBATROELELF &k 60kg B HicBB LT
Eb L1,

2 BESE BEDEE RIHBESETiobbit
TREE CIEEBOBEALAERER LB SR TED
L7

(3) BEYE BEYRVIEESEENEEIRIC
X oTHFEb L, ThbbXkrR—IEbgciEgt
BB EBRENEND B IBETRAE - &
ERT B,

@) BEEE BREERXERSELIERRMLC



NS PEEMPA : BREESRCE 2 2Rk ORE 469

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

ig. 1. Effect of moisture content of brown rice
on electric energy consumption of mills.
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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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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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Fig. 4. Relationship between tempera-
ture of brown rice and hardness
of brown rice.
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Fig. 5. Effect of temperature of brown rice on
electric energy consumption of mills.
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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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Fig. 7. Effect of storage length of brown rice on

electric energy consumption of mills.

100,

AMONTHS [
4MONTHS

60]
11MONTHS

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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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.



