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Rice Milling, and Quality and Taste of Milled Rice
(Part2) Milling Characteristics

Shuso KAWAMURA

(Department of Agricultural Process Engineering, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)
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1. BEEUEKE

a. LK (Commercial rice mill)

FEABEBRE LAV VRS A A AT~ 1
VABIBEREBE IR TV AENHERR 2 v 22
AEKREE CPACH #EAL, AEXEEL, 1F
B UCATEE D2 15 kW, EEEA 1100 rpm ©
BEITEIRRE K, 2, 3, 4B L CEFEREN 1S
kW, 700 rpm, 15kW, 670 rpm, 11kW, 670
rpm O REEAB KRB L DRI h Tk, 1
BRI b ZRTL + vORBEIYE - T3,

TR ORBKRE SRR Y BV CEERT 5SS
FEAFmeS B e, KNEAHLEE LS
HRE2HELLE, KRNIV R2Z Y —vhbo
BEREL P RT D OXABELRHF - TV 5,

b. EERHARBX#EE (Laboratory rice mill)

1) BrEIEES K (Abrasive type mill) 2B
FI 7o BB SRS e B e A B E T B B B T 4 R
TM-05 B TH %, AECXEZRTHEIRE kL
BREDOM, BENCRLLBIRD S, Ticb
bABITEECEZRIN~200gx 1B LT3
Ny FRTHD, FEEHLECRVDEE O
KBIZEF 306, FLERBELIF- Tk
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Ve
AEOFEEHIZ0.4kW ThHh, @B = -1
1130, 40, 60 A v & 2 EFNFRTHRATETDH 5,
THIEZT— V) — &=L ORI L » » — A BIERK
% 820~1520 rpm % T 8 BPEICEAMEIRETH B,

FHERBO/BR, O, BRENIRBERYRES
LABOHEREME L LTRBXZXI 200, &R
v AR A0 A v s, v — L EEHIT 1230
rpm B EAT,

2) EERFEXE (Friction type mil) SR
AUV BEERE BB R e -2 7 vt R
MCM-250 B Th 5, ABITEABEEARRE LH
RN R L OBRBEYR G CAEREEL - T
Wb,

FEEOFFERNZ0.25kW THH, = — 1 EHE
B2 1500 rpm TH B, REEOMIERET T 1 KR
T D ZHKT20~25kg TH B, LKk v STz
WEAE v v 22350, BEXBH PO 2@EDS
L HICBRBARNORRNTEEL Ie> T2,
B>+ v 2 35 BEOHSAAETH Y, £
LB EORNERET4.0cm?, HLFACKLEED
BIPEEZ1.2cm? TH 5,

SRS E 12 B ORI TETH Y, &
MO (FEm R AEV) LBX 12, &b
BITIGEY (FHBHfRSE3v) LB 1L
T b, Bl EHEASMES 1 L3 2B
Fx vy b LIcBE, BEXEEH D oBERC
LEXI11.0gf/cm?, AU 1&12 &TiX22.6
gf/em?, 10 & 12 & Tix 34.2 gf/cm? TH 5,

FEEBIHERAZK B TFHRE R L F—D 200g &
L, BENTREMEYRET SR EOFEHLEL
LT, MERAM> + v #2120, FHEFAHLE ]
12 BRAT,

AEIARK, 1BE L OREARBAEL L THR
ERTHBEDTHBY, NETHOBRERHENK
B L BB — BT 572097, BXIHBTE
WCRREZOR O A4 5 fo b ORER R KR
ELTHALRTWBY,

2. HERAHR

ERABKB s CTHRA LR, 1982 54k
BERNE 15 )] 258G kePLcEmE
BREAIHAKKTH D, BREEORMIEEME
k& frote, BB OIKIERE122C, KKK
1216.4%TH o7z,

KRB AR B o THEER L e 30kiE 1979 4R 4L
WEFERE TM1oH Y] ThHH, BETHOXKEE
12 20C, THKKSIL16.8%TH - 72,

3. BEEER

AT TIT - ISR RBR OREN I FE &
WEHE & 2 LUTRTRT,

a. HERIKOFEE

KREMNCG U T, BBMoKEH L ThH Hh
Udkey, BE, FRUMSTEREGORER, ®E
BELIOEEETS,

b. BREROBEERAE

IR OB KB X OVEREORE ORELAE
15 ThbbBRELLIKBELBRER2ITSE
Kk T OEREORE L TERNE ULV X 3K,
EBRENCREZLECL L THEAL &,

BB X VERBRES LR LY, BXEO
v - ARENMEREEECRERBEY S 2 55 ¢
Eb, TREREFIET e BERER YT 5 KR
XWSBELLT, ToMICEAXBREEYEERKC
RTL5e8dl, BRERLORESCRE LT A
~VREBEFI VEIEL T,

c. BREEBHRE

1) $BKER Milling time) BB CE L 725508
ALy 7o x v FERHACCHEIEL, HEHEEZ
EBRTAECRELLEEIL Y, Thfhoxk
DIRBREROHM P LB T, ThbbRER
BT - BB ERICR VT, A—38%82
E TIE LcBRAVE - b D& flic s U CIRiEhER
BRWEHBIL T,

2) HHEENHE (Electric energy consumption)
KRR BT B R FRT B B AR R B R
ZHACTHEBEBEALZAEL, ThEBRBRHEEND
HEEHNEYEH L,

EEBRBE TR 200V 0 BB LAV
TWb e, JIS«C4201 X h HE# 83% & LE
ELEREDOHEBENRRD, hEiBErRme
HHEBENRYEH LA, RBERLOBRLE
Flictz, HBBENEIELBEATRT/bbEE
EROEBENEYZELFE, TX60kg B
BELTELL,

DHHFECEBE T CRELLEBENRICL
D EhZOEROBRERHEOMHN LB #1T -
oo ThbbREARDIEHTT-LEBBEERIRL
T, A—5B%B2E B LLNEEENIE D
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W DRI L TIRIBRIERA R L HR L,

3) FMEEXEE (Milled rice temperature) &
BEEORBA M 180 g bR ICBEN %2 LA
BEAYAEL, BEIFEREE LB h
BEAKBREE L,

4) BRFHYMilling yield) BETOXAER
T 5EBE BOXERECEGRIBRHSELL
oo CHIBETOE Y REBESELA—TDH
h, BB HBE L Ebh, BRCLIZER
B £l (Weight loss by milling) # B3 %, &
BAE AR L hRdte,

BESE (REEESHH)
=REEXERE-TXKEEXI00(%)

5) ®E#l k 0Bkl (Broken kernel) EEYIR
BEEI T TREEXOERY L 2 FDRE IH5E
£RD 1/4 REOREKRRLI X UBR 2B Teflo b
DEG, BRI OXREINEERND 2/3 06
/4 EFToRE\WH ] EEBEINTW B,

KBRS IEEA L. 7mm OFEASHERGT
BT H L EINTEY, APIECIRERARE
SRR B AR A e, & BRI Y
FERCICRR D AR v T by v s
PRI ARV —FERACTEN LI, FHE
Bz X b FEF LRSS L RDAVEYT TR
HELT, &y AEIIZ30E, EFEEL0HY
Kb, ThEFAASV—-FDFEREHEE L THRE
Lo AR TIILEORYR I UHNEZ&HhE T
B &P AT,

6) IBKEEE (Degree of millig) ISEEEIII KA
S oEEREOEE (Degree of bran removal) %
FThoThh, WKL LTIABRTOEDRE
BEXEELYEEL L CHRTHET 55K,
NMG $efahic L 5H78E R hidb b, L LE
ERNAFHEETH D, TLREEI EECEEN
ZRIFT A9 Z &b, KPS TREERESFY (Real
milling yield) #% - THREE L Uiz, ERBESY
I X b RD I,

HiBE4E GRRED

=R TRE - ORTREX100(%)

7 5=4%4% (Whole kernel yield, Head rice
yield) EERHEIZKEECHT AR ¥ERE
L-mebakEEOEIGTEIh, ThITKK
ZX bR,

SEARI A

=(BAXEE-HRNER) -+
FHEEX100(%)

EROBEYRET L, MLhl-E5Es
BEEEBEBR I UESNSEE D5, B
BT ebbREXEOR L icAEeAEORFTIKOW
TIE, BRI PBHMOEERY) BRFE) B
Bl arhoRE: GEehbd) v ERECEEY
EDBNLENDD, —H, BEXKOWELYHFET
b RERRKIEO VLTI, FAEREOERER
(FERESD) EOBAKCELTEELEDD
LEND B,

— A TS TR EEBSEOME X Thh 3
T e, BREEEE A RRRLEIROR RS
a5 BELTEL, HRELIOSEDMR
bk AREE B, S ORBSERKEDOE
o Head rice yield Th 5%, KPR CTEELLS
ey Voo ] i el s A B el
II-C. SREEERBIUBE

1. EEESEIBESE

Fig. 1 cBEEELSE L REHE & 0BfRcoWT
Ell, EBEBESELEBESE L WELHE
WTRERBERICH D & RS, THEIEBKE
B X UBEERBXBIh EFno IR SE LI585
Be oY, BPTEECLDRDUTERL
Yo

TFEIEREKIES  Y=1.03X—2.24 1=0.994**

EEERARE KIS | Y=1.26 X—25.21 r=0.975**

SR XBEBESY, Y XBESE rizd
BAMRHL, ** AR 1%\ THE /o AHBEREfR 2
DB EERT,

ZOERRIKRAME L FFCE L —H LT,

THIREREoRRERIMEE A 1.03THY, B
EBESY L EESYE L EER—TH D, BERE
kEoEBRIMEE N 1.26 THH, BESEIHE
BREEZI Y 0.5~15%EVEXRLE, Lrd
FOEZEBBHSENMET T oL b #EiNL,
HEESHE91.0% 3 L THEEHE1289.5%T
ﬁofco

—77, KABAROBEEESE - BESE L0
fRi%, Fig.lwwmRlick 52, BEEIBEOBIR
R BB L. ERABKBIITERE gy 1 &
B LT, BEESEREL? 3 4B L TR
BRIV ARARBREBTHH D, BHEKT
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BoBAXKIEESNBXBORE LY KEFY, H
RS LB HE E OBIR S R BRI R
oEER FCMBELICEZEL NS, ZThICIDVE
BRSPS E L Bl T, ERABKIELER
FEEBRSRE & SR 2o b o LT
&5,

HERESR L BES R OB L &b
BREAZ ) -V bBREINRDHPARIZL - T
ELBEEZLND, LIchs T DERBITEN
LB L AR ORE LBRAD B, T bR
RFAE DD o VCHEERE R TR B AT A
PR S oo, HIBRSE L BESE L BRI
A UExmRd, —75, BEISERE Y bR R4
&L, BERBSEMETTHIRE bRV O
AR E LI HINT 5 BB T, BhcRA
T ORI DB\ oD, T OBEFR OREINIZIE U T
BRSELEEESE L VEVWVERYRT I LT
%,

2. HBEIE

®Commercial rice mill {Compass rice milling unit)
@Laboratory rice mill (Friction type mill}

(QOLaboratory rice mill (Abrasive type mill)

( 2.5)97.5.- T
& (5.09.0F — J
5 /)
@ Y=1.03X-224 2
=X °
= r =0.9%4** 0,
£ of €
=g 1,50/
B> (7.592.5F g f 1
o % g
8= o2t Y=126X-25.1
f) al l
5= 3 &8 r=0.975"*
o
= (10.0)90.0 ¥ 1
3 qf
i
/
(12.5)87.5 L —L X
87.5 90.0 92.5 95.0 97.5
(12.5) (10.0) (7.5 (5.0 (2.5
Real milling yield, %
(Degree of bran removal, %)
Fig. 1. Regression lines between real milling yield

and milling yield by the commercial rice
mill and the two type laboratory rice mills.
Real milling yield refers to the percentage
of milled rice 1000-kernel weight on a
brown rice 1000-kernel weight basis.
Milling yield refers to the percentage of
milled rice weight including broken kernel
on a brown rice weight basis.

** indicates the significance at 1% level.

(24, 1 %) =0.496

Fig 2 W ABOMBENR L ERESE L 0H
FAEIR LT, Fig 2 X hi¥, BrEIREREc s
K OBBEBIERNE & T BITEEMCEIRE
HEMET T35, —7, BERBEE BTN
CRECHEBESEMET 520, BRI ELE
L7eWEBEAEOE T R, MEEHEEMN
5t LB 2 90~91% T F DIE T 230
LB T ENFED BRI,

B CHtEBRELRCCRNE (F v 7428
Bangara Sanna) @2 W TCHEEBEER *»T-1
SHAMS et al 3 KPR L FARER LB TR D,
BEEIBAB CRERREEE TCBRASLL, W
HIRE R TIRBRARAE TRV EREL TV 5,

SN OB B 7 A7 VKRR TR < O¥EE 8K S 2
{, TOTFTHORATTIBIT & b nH2 i EE
PEINT B2, Z Ol KWHEE O BEEE L BEER
LW X IR ERT ) BESEXE T, o
BOHBIAESTHEH, BEIBRILBESL
&b I\ WA B 7o b BB B DK T 23
B0 END, LEIFHFERNIENE (U X
=71 IKROMBRRER BB 75~6%, B
(EZE) 78 2~3%, BRELHY91~92%% TH B DT,
HiBELER 0~ 0NB TEBRSHOETXi3E

@Commercial rice mill (Compass rice milling unit)
@®Laboratory rice mill (Friction type mill)

OLaboratry rice mill (Abrasive type mill)

W5—\
95.01 \»\
i .\\

92.5

Real milling vield, %

\Z\e

9.0 \\

©

87.5 1 Il J
0.0 0.5 1.0 1.5

Electric energy consumption, kWh /60kg : Brown rice

Fig. 2. Electric energy consumption during milling
by the commercial rice mill and the two
type laboratory rice mills.
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Fik3T 5,

—77, @R e — A X b RBIFRE R TEIT 55
BB IR A S OB EEMOBEXIZLA LT
Ficuicd, EERSEIGEERHCE T %,
COERBHBOERNBL FEBBELSERY
80% % Tt X, FhLBEIE 4 CEEBRSEOKT
DBPDRNERD T EHRREIR T B,

FRARBRKBRC ST oHEE IR L EBESELD
BIfRIY, REAEEIEXE AR F — v ER
LTk D, BRSO ELELIRD bhik,

3. HeuEls

Fig. 3 iwtFiE s X 1Bk L e kb o
BEG R LT, Fig 3wk hid, TFBISE R
WR P IKRICE S R0 & 7o\ T DB O Rt 2
7], BEABBICKRCEN 2N TEE LT
5 7RI DRENE N ERTD BT, ELIT
BEEIB RS EEENET I b BRI EA A
2.8% 05 5. 1%~ ABICEMLTE D, Zhdt
T T Fig 1 TCRLEX S I, BRSENERE
HFRL Y ENMELRTERE Lo T 5,

FEHRRBIT X 8 Ek ORI B A B K
BWorhs BERIUMERZRLTCK D, ERBEXEBR
FEIZE R L b EEARBABICGE VB 2o
L DR St

4. FBEXKERE

Fig 4 c BBBEHE OB OXBEERRL k., Fig. 4
WRLIX 51, BB 8B LA IIBTHISE X
BEEBEXEABL TR ERY, A—0HE

7.5(
©
se 5.0 o
)
=
g
-~ oer®
s 2.5+
< ®
8 (o]
jaa} Olo/ o
0.0 1 J
95.0 92.5 90.0

Real milling yield, %

Fig. 3. Broken kernel of milled rice milled by the
commercial rice mill and the two type lab-
oratory rice mills. Symbols are the same

as those used in Fig. 2.

Fig. 4.

BHE T % L EBERERE B EIZOE KR &
D 5~8CEHEVEELRRL TS, THIIEERE
REEDBBIER O — oK EOERETH B
B, BRI X HRESTEIRE B R Tk
W ERERLTWSEEZLNRS,
FABBC L AREXORE R, BBVt
TrEIRES KB D Z icdi - 03, R T R LR
RIEREO TN BIFRCEE L Ito T 5,
MBI X % B OB TN R A 70K AR K
23, RXEBEEE AR o KRB R EERE R L 120E
RAUBEARREYTRLTW5013, ERERETE
ISR ORIEMETDH h BEREAGORE bEEX
BEIAFCEAL T 20, ERAERL
FERB T IRE ABRE KEE LR U 20CTE
BEBRAToTWEbEELLRD,

II1, S5RisefholrmiiAnic £ 2 KKk
IO L IBEFEA~ DR

i-A. A8 =]

ErETE 982510 At TSR
KIIEHERS L OWT ) 2B TCELKORETHE S L
BHDRABTTH B, KEFRTDE, G ND
WA & S REFENORT, (CFERGOEE il
HERED B DB, KRB OB L < wBHEED
Bl EARD LR B2, C 0L 5 ZHFRIZ
D KR DYBALEEENE ML Ik — ik &
Y, FOBELrtKILEFATH S, KeisiiE L
ERWCTRRFLVKABREE L ALSFE10

45(
&
?:_): .
5 40r
3
a
=]
g
3
& 35t
o
2
=
30 1 1 )
95.0 92.5 90.0 89.5

Real milling yield, %

Milled rice temperature just after milling
by the commercial rice mill and the two
type laboratory rice mills. Symbols are
the same as those used in Fig. 2.
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BET) OXKEFKEFY, ThUBICEEI LT
KEHKREFATE DY, FRLAL D ndE ko
BHRETLZDOEHIR - T 5,

B St R R BRI S ok D B AL T 5 %
BHBEOWTIE, TTEREOMENREINT
3 3234495362 BEEM I BAL T L DO
BHARL, TXOFETRERBBEHTCRE
BAARELESRTVLB19, Ll bXk
D B4 EBIREESE 5 2 B
WCHRERIZE LBz i o0, 2 o kil
Btk 2 28 M5 BT, K2 &Mt
TTREMOZKEEXT, X koWEEt
DREBFEELFAEL, T0H 2 THREOZXLTH
WIS ER R ER L .

III-B. ¥R F&E

1. #EEFR S L ORI

SRR 1979 AL ESHE (> h V25
TkEA G, BEITI980ELA»HBL,
1982 £ 8 HF T 2% 7T » AR Bl » A iz
D TEREO=HEOEHT T -7,

a. BEIE (Store house storage)

FEEROZAKFRBEY L RA—O&UECHEEXTO &
W, RIVVIIRT A A AT — v 2 VEKIS
BT oXKFBRATRSBECOKIFEEN L3I HER)
BRA, COBBERICEWTEZXK kg £ Y =
F U VBRRCERLERL

b. {ERZEEE (Environmental room storage)

BEIEHCL Y BEIET B0, BRMET
TREELOVRVFREHE LT, FRXBET T
0CREFHHEL-EREYEALN, Z0EREN
EEWTEK 15kg ¥R Y =5 L VEIRBICEEH L
B L 7o

c. ®WERER (Refrigerator storage)

10CU T DER CORRRIKDOMELELIEE
b T 52, 2 CREBE TORES
e LT, FREECTICIBEHEL B E
PEALL, TOGBERCEVTEK15kg A
=F v VRBARCES LUER L.

2. ZRYBIEMEORE

R BT B3R OHEALFEEH O BT 3EE
WO OHECEL TfT -7,

a, 7k4& (Moisture content)

KOWEELELLT10g, %, 135C, 24 BRE%
Av, KGrBERXETEL,

b. HE (Kernel thickness)

WSS R ERT RN B R IRER L AV, K%
1.6mm U T252.2mmBBEFTO0.1mm & &
DRIEW L 0 EF L, FESMERDI,

c. BHEE (Bulk weight)

REBREEHH 7 5 v = v B EAVEKRLIY
e DEEERDI,

d. HE (Whiteness)

oo b EEFEREEEEARG C-LEYAW
KNEHONXORFERLHPEL, chrxaABEEL
oo AEEBEEEIIRE, =% av s )Ry
DRBEC IV EL BB~ %> a v 2 0BEHY
TEISLEmONDORHFEY 100% & L, BERE
TORHEZ 0% ELTESETEL,

7L1%S, MILLER et al.'® 32X D XA RIIZ K
LTCHKREDERAFR T IITEBRENEYTHLEL
T3, ¥ TCARFECBECAHER7 4 18— %
Fd Lot GEENE D&KL 452 nm) & Ay THE
1T o1,

e. &EXE (Translucency)

FEFFEHERM 5 1 % 2 — & QS-101D B (k) %
Ao, KRFoXoBmaRrlEL, ThiELE
ELTEL, BB IRBLEEL L TELRER
HDFEREOMMBELRLICLDTHY, ki
LicHERRIT? X 5 et LR - (BTl
W EEART S,

f. 3 (Color)

AABRITEHFSZ AN TR & 2 +QS-
101D # A2 BBk RIFTs L (5% X), a GF
BED, b (AEHE) oEE2RDL, bt hbd
DEND H(~v s —HE) B XU JE (BEE) %
KR L hRDI,

H=100—y(100—L)*+ a*+ b’
AE=JAL2+ da*+ A0

g. UEE (Fluidity)

iR EoREE O VWTO— BN RE W
Ry ARF ) 7 4 ANLOWHEETHD L EINT
W5, ZZClIrani-Callis ® v 7oijsb #5%
CLTHATDBE, HHOER15mm, &X 98 mm
DOWEDORE LSRR DO AT v v Rk vy %
AIEL, ZIhbXRRARRR T T 2L AIEL
WEhEERH L7,

Lichio TZoFETR, RTRESE LI
B EHMITE B,
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h. HAEIZE (Fissure)

BEEBRWE SO RS R RIE S o HHk 5?
HEV, KRB 2 AV TK 1000 BI &5 Sic
WHR CEARES & RIREM & 23501, REIRAFR
Bz, TeRIAFRIHIEBERL, RERRPIEK A ER
BRI L OREBLERA L TRIE L 7.

i. THRIE (1000-kernel weight)

PRI BR < 3K 1000 IO EE A HIE L 72,

j. A% (Component analysis)

BEDEERBR, XX 100g »FREMz X
H ¥ (Rough rice), &4 (Foreign material), &
&K (Other cereal grains), #<f (Broken ker-
nel), &HX+RKHK (Green and immature kernel),
3tk (Underdeveloped and shriveled kernel), #
ZEH (Damaged kernel), EH&¥ (Discolored ker-
nel), X (Sound whole kernel) W Fh £ hi48
L, toERESEELK,

k. JBHFERE (Free fat acidity)

VS — CEORENKG BRI Y » TERI R
ToEBERE R OB & AACC Rk (Cereal Lab.
Method, 6th ed., p 20, 1957) X b HIE L 72,

ThbbBFL AKX 10.00g v ¥ v 50ml
"INz T30 RIEEL oth, TORE % 0.0178 N
Taa—aAKB{bs Y v A X hEEL, HIEE
EW100g U7z b DKEELAH Y v 2D mg FTH
L, ChuEBBELELL,

. BoE#E (Embryo activity)

D 2~ 7 BBKFEEZROBRTHYAIEL, £0
BEHELHE L fe Tk OBE 200 Kz 0.25%1
o TZ (Triphenyl! tetrazolium chloride) RZ 20
ml Emzxir+—VvES5EBEL, Th®255Co
FREFIC U REFR -, TOBEOKRIEER
E2EEL, kR b TZ{H (TZ Value) &3k
hExRoFEREE L,

TZ &

=(BEHEHX 2B +HERH X 100(%)

EafeBuil BR3P HE{ERIhEER 1
L, BENFVELEI-HOTHEEEL 05 L
L7z

2D TZEIKRORFRLBGEAGREDD &
TWAHD,

m. [ (Hardness)

RIEE IsREK, FEXK, #EN TR ISRy
Bh 100 B oV TEIE Lz, RERBREEH

TR IRELOBEFMIHEYINL, RECRE
DEUIROMEYHEFHIEL L, iV C(HEYR
Einxa, KRASHEBRIERENDICE - /D
WEYERRIE S Ui,

ZAAIERZKROBERKF L VEHTH
B PE N CHAKDRESL K ORE LT
v, RHICEETEAUORELZTKEE LFE—&
55 L5 ICHABERTOHIERERL .

3. BRER

BRI EGR L 28 7 » ABOKBRT
BT ote, EBRIIE R L e HECE L T
AEKHE & BESREAB 2 AGTTY, HEED
B, BEER, BRES ST o TRIEL 7.

BREBICE L TR KEENBREECS 2 5
HEER D, BEY20CKRELERR
Rtk 2 —B L RS L BRBEEBE LT -
BREBORBREANOCRE ZEE N 21~23C, BE
2350~65%R. H. THh - =,

I-C. REBRREILUEE

1. FEPOZKEE

Fig. 5 X kB AECIHR L HRAZKORE
CEERRER I UHAKEBE LT LT,

AEEIBEEEETChH b DTHY, HHEE
DU TSI Th T 5, L LIFELoNE
HErOBMEAECRYBRT D, BENRE
AANRBEOHE YT T, ZTORDIKILE
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Fig. 5. Brown rice temperature during storage in the store house.
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Table 1. Changes in physicochemical properties of brown rice during prolonged
storage under three different conditions.
. . . Ma Oct. Feb. Jul. Aug.
Measuring date Jan Mar ¥

Storage time, month 19080 19280 19480 1998() 1?1321 1&;21 125132
Moisture SH 14.5 14.5 14.4 14.2 14.4 14.2 14.2
content, ER 14.5 14.6 14.4 14.4 14.5 14.4 14.3
% w.b. 135C REF 14.5 14.5 14.5 14.4 14.5 14.5 14.4
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
£/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
% 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./150 g 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~24C), ER=Environmental Room (19°C~21C),

REF =Refrigerator (2°C~ 47C).
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Table 2. Changes in physicochemical properties of brown rice during prolonged

storage in the store house.

. . Mar. May Oct. Feb. Jul. Aug.
Measuring date Jan
Storage time, month 19080 19280 19480 19980 1E1)2331 151331 1%%2
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, %
Slight fissure 3.0 2.2 5 1 2.3 1.3
Serious fissure 4.3 5.2 3 1 4.7 0
Total fissure 7.3 7.4 8 8.2 7.0 3
Component analysis, %
Sound whole kernel 54.8 51.7 48.8 40.7 40.3 39.5 36.0
Green and
immature kernel 29.7 29.8 31.2 32.4 27.3 27.6 23.6
Underdeveloped
and 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, %

T<=1.8, mm 0.1 0.1 0.1 0.1 1 0.1 0.1
1.8<T<=1.9 2.1 2.0 1.9 2.0 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<=2.2 41.8 45.4 49.2 45.5 45.0 47.5 43.6
2.2<T 3.9 4.4 4.7 4.7 3.8 4.6 4.8
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Table 3. Physicochemical properties of brown rice with three different kernel temperatures.

Kernel

Hardness
temperature

before Moisture Cracking Crushing Bulk

milling content hardness hardness weight Fluidity
C % w.b. kgf kgf g/l s/150 g
10 15.6 6.9 7.6 826 6.78
20 15.6 5.8 6.8 812 7.21
30 ] 15.6 5.2 6.2 813 7.24
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Fig. 11. Milling yield of brown rice with three different kernel temperatures before mill-

ing as related to milling time and electric energy consumption by the friction

type mill.
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Fig. 12. Relation between broken kernel in milled
rice and milling yield of brown rice with
three different kernel temperatures milled
by the friction type mill.
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Fig. 14. Relation between risen temperature of
milled rice just after milling and milling
yield of brown rice with three different
kernel temperatures milled by the friction
type mill.
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Table 4. Physicochemical properties of brown rice with three different moisture contents.

Kernel Hardness Fissure
. temp. 1000
Moisture before Cracking Crushing Serious Slight kernel Bulk
content milling hardness hardness fissure fissure weight wei/ght Fluidity
% w.b. T kgf kgf % % g/1000 g/l s/150 g
14 .4 20 6.6 8.0 2.5 18.0 22.44 822 6.87
15.6 20 5.8 6.8 2.7 20.7 22.63 812 7.21
16.8 20 5.0 6.1 4.2 25.3 22.91 812 7.16
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Fig. 16. Milling yield of brown rice with three different moisture contents as related to

milling time and electric energy consumption by the friction type mill.
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Fig. 17. Relation between broken kernel in milled
rice and milling yield of brown rice with
three different moisture contents milled by
the friction type mill.
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Fig. 18. Real milling yield of brown rice with three different moisture contents as related
to milling time and electric energy consumption by the friction type mill.
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Fig. 20. Milling yield of brown rice with three different moisture contents as related to
milling time and electric energy consumption by the abrasive type mill.
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Summary

1. Comparison of Milling Characteristics of Labo-
ratory and Commercial Rice Mills
The milling characteristics of abrasive type and
friction type laboratory rice mills, each with
different milling actions, were studied and compar-
ed against a commercial rice mill (a compass rice
milling unit). The following results were obtained :
(1) With the abrasive type mill, the real mill-
ing yield and the milling yield were almost identi-
cal. With the friction type mill, the milling yield
was 0.5~1.5% lower than that of the real milling
yield.
(2) As the electric energy consumption in-
creased, the real milling yield decreased by almost
In the

friction type, the real milling yield drastically de-

the same ration in the abrasive type mill.

creased in the early stages of milling, but the
decrease lessened as the milling progressed.

(3) In the abrasive type mill, the amount of
broken kernels contained in milled rice was- 0.8
~1.4%.
tically increased from 2.8 to 5.1% as the milling
progressed.

(4) The milled rice temperature rose as the

In the friction type mill, the amount dras-

milling advanced. At the same real milling yield,
the kernel temperature produced by the friction
type mill was 5~8°C higher than that of the abra-
sive type mill. .
(5) The above differences between the milling
characteristics of the abrasive type and f{riction
type mills are due to their different milling actions;



JIF: ROBHEEBAXORES L ORE (F28) 49

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.

(6) Since milling characteristics of the commer-
cial rice mill are similar to those of the friction
type mill used for the experiment, the information
obtained in this study can be applied to actual oper-
ations.

2. Changes in Pysicochemical Properties of Brown
Rice and the Effect on Milling Characteristics
Caused by Storage Conditions 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. The fol-

lowing results were obtained :

(1) Aging had no observable effect on the
brown rice moisture content.

(2) After storage, the brown rice hardness de-
creased by 0.5 kgf. The decrease in hardness was
considered to have occured not in the bran layer
but mainly in the endosperm.

(3) In milling cooking rice, no effects of aging
on milling characteristics were observed; and in
milling aged rice to the same degree as newly har-
vested rice, there was no difference of milling time
or electric energy consumption between them.

3. The Effect of Brown Rice Temperature on Mill-
ing Characteristics
To understand quantitatively the effect of brown
rice temperature on milling characteristics, a mill-
ing experiment was performed with kernel tempera-
tures maintained 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 in 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, thus the tempera-
ture greatly increased. However the absolute value
of the temperature of milled rice after the comple-
tion of milling was small.

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

4. The Effect of Brown Rice Moisture Content on

Milling Characteristics

The quantitative effect of brown rice moisture
content on milling characteristics was studied using
brown rice with the moisture content adjusted to
14.4%, 15.6% and 16.8%w.b. (10g, whole grain,
135°C, 24hour method). The following results were
obtained :

(1) As the moisture content decreased, the
hardness increased. The change of hardness occur-
red both in the bran layer and in the entire en-
dosperm as in the case of a temperature change.

(2) Brown rice with high moisture content did
not produce much heat in milling, thus the kernel
temperature did not rise to a considerable degree.

(3) When the hardness declined due to an
increase in moisture content, milling time and elec-
tric energy consumption decreased, improving mill-
ing efficiency. On the other hand, the rise hardness
due to the decline of moisture content, produced
broken kernels less frequently and the whole kernel
yield improved. ‘

(4) The effect of brown rice moisture content
on milling characteristics of the abrasive type mill
was less than that of the friction type mill.



