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Rice Milling and the Quality and Taste of Milled Rice
(Part 3) Quality and Taste of Milled Rice

Shuso KAWAMURA
(Department of Agricultural Process Engineering, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)

I. &

2 ) CH LIS LB, Ko—®mT
BREwR ST, EIKBINTIEECE > TRLE
LOEEFAMTFARLTCOBEERREERZTH-»
1o

R|CEY L2 8HAXE LTOROBRKIMNTHE
RBTHHBEEEORER, KO RINTERTtH
HIRECHEBICES W TRAKC b IBEELERT
b, HEBCHEFEIALIEMRELTELSEX
sHWECTHS,

BEXEbsr N RECNE, FBRME, KRRk
EREQBRELTHITFLIE, ZhbOREER
D5 HLHBENEEFMECTEAORXRKRTH S, ©
CTAPRTRIREXREORIEERERELT
BREE D B,

R SEBIBARORIRICA S REEY L 2
ZEREFHEINLALL9, Zhich+sHRE
DI, T TERBTIE, LD BULIEBRBEYE L,
T boBRELT, BRESEMEORORE
BLURRERETHEZOWTHL BT,

ThbbERBTE SBEREL R, Rl siBREE
BEEoMEIRERBCERRE XS, shotl
ZEbheBOBEAE, FBEBi0oXKORE
RKGERFL, ThoBEAXDORER L UAR

* AW, JLBEEXFRERTRIO—HTH B,

BRIZED L 5 B 5 250N T S,

I1. SEESFIREIHSTS & IC R
IC&3BERNRBEE LUK

I-A. B 1

180 TR LI X 5, BRBBEOKBEEXTS
TURBEIRE RS & RSB PG
o, Wb B a v A AREKRERREHVWLRT
Wh, ThHLOTEEORBKERR L2 EBIEFERT
IhEEXT-TWw5, Lrl, ZhbofEki#ic
LOBEIRBERORESR XL URRIE OV
BLABIERY L,

—7, EREERTR—R/E OFEBRERE KN
ERAIhD, ZOLOERARABICL 2BEKE
EREEEC L ABAKOMER X CAKRYE b b
T HEBERD B, ZhbiZoWTHELLRE
g,

2 TERETR, FRCAWANEIOFEIREL
BLEERBXRC Iy Thrhig s hielak
DRERIVCRRYESHTT S, ¥D5 2 TZh
5EEMATRS S L VBB hiakeco
WTHEBRET A, T oBBHBEORE T b,
EEESEIBEEXOMER L ORRCE 2 588
LEBCHL AT S,

II-B. # %
1. SEadmeis
a. EAR k¥ (Commercial rice mill)
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PR U EABREIIA 7 V VLIRS A A 2T —
v a VEKTHOENBFRHE 2 v A AR B REE
CP4ARTH 3B,

b. EEBBRE XK (Laboratory rice mill)

2EPD IR L L 5, ERICIPEIRE ki
(Abrasive type mill) & U CHerBfERTEEAER B
R TM—05 B %, B K (Friction type
mil) & L CTENEIFRiEz -4 7 v <X MCM—
250 T % v 1o,

2. #HESH

R E L BIE o2 v | Pl E
bpieh] & (@5 fekl ZRKXLLZ KRBV,

AR 5BAXEEREXXE &7 v VL
WS 1 ARTF—vavEHKTECEBEPCEERL
o T OREHENKEREMMEK L L THRE i,

BB T o DM K L AR E L,

EERABAEC L sBERE EEIR YRR
BHIR 0B L, BRI 2 800 IR LIk RIgE
H&HTfi -1,

BRI KOMIPEE KT 5 16.4%, BEH®
13.7%, BEEMN 851 g/l TH Y, BEMOTKEE
1, EABXETR3TC, ERABKECIL10CT
o1
3. BEXoLBEAE

Bk E LCOBAXCED DN E RERINE,
g, ARRALTOERLLTHATLIRSE, 2hb
DORBXDORE X EGENICHETRT 50Dt E < D&
BRES® NEH I T 5, KRR TRRBE LS
BrRHTo, BEFECEEITOXKEE -
Kol E OEEPHEICRIh 2 EE BN L E
BREfT -7,

Tihbb, BAEXOAHEYZRHLTREHEALLT
BHE, BXE, 6 BFRERRSTHEB L,
¥R XoRERELHERNT A FRE LUAER
PWEME R IRIL 22, BB OHECIIERE &
HEDRERANT, EHICAKRCRLEVHEL
B - U CIREEESEREIEL, 05 2 TRER
Ba it LEAXORE 2 ERICHE L 7,

ks, BFBAR IR R oo BIE

2 3 R L e XA B O RE & Rk
FHETIT -,

a. K 4 (Moisture content)

KoBlEsEit10g, B, 135C, 24 RRGELZ A,
Ko rwBEXETELL,

T o 3 A BIERmEA v F vt o) v a R
FAMSARIV—F L) RY LRI RBREL -
BERZDOWTT » oo

b. FHE (1000-kernel weight)

SEERREAX 1000 NOEEYTEL, ThixHES
BHBoRMc Ay,

c. BHEE (Bulk weight)

REBEHE TS 7 = VBRI ZHEVEEX L !
Bt DEERRDI,

d. wEEH (Fluidity)

AREDOIDIREL TSRO A7 v LV 28l
Ry A BEAXSERKT T AREIC L b R
BELI, Tiib, ZOHKTRE TREIEL
LB B - L HIMTE B,

e. H K (Whiteness)

ryy P RHERERTEEEFTOEFC-18YH
W, BFE7 4L -EHEBLLE GEGREOEER
452 nm) THBXZRBOXORHELXIEL, —h
FHELXLTELK,

f. BXE (Translucency)

BB 4 x4 — 2 QS—101S B EXA)
YHCEBXFOXOFBRELXAEL, ThiFEL
ELLTELE,

g. & / (Color)

HABBITERTCZL I FT—RAZ T4 QS—
101D # A& fAv, Ay sits L (B5X) a Gk
Bl b GEF) OEEXRDI, SHIhHOfE
b H (~va—-HE) JE (BB #EHL .

h. BFHEAER (Unstripped embryo rate)

BRTRBEEITRERCT » T AEFRER
DOFIEEE HEV, BEXK 400 R XBFLEN (1
Brov ) FEh (BRH v ) EESER (0
Wrvvb) CHBETHEL, BRFERFRLENRL
o

i. FBR5EEEE (Free fat acidity)

Y~ EDORREIKSRERIC L D ER SR
BEXFOERELRBOBE » AACCREE I X
hflEL, WEHEXZH100g Hi-b OKBRLL Y
vaDmgPTEL, ThEBHBREL L,

j. ERE#EtE (Cooking characteristics)

WM BBk ZOERD 1515 20 58
DEBOKPTIEL FBEDOXKRL L IR & DIREE
PRIET 5,

BATCHER, DAWSON ef al*® 2k b BRI i
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Z OF KR LR & ORBERARICED C &
BNTEBZENLFAOTLEAZIRTE D, EM
EAEE, a5 RNE8A L, £ L CERASESN
T4 OB 118264041587884) 1= 1 b Fl 2 1E,
KR ORNE L ENEROER, FioENE
HAORBHZER, [BECRESGHCISER, FiX
EHKEDERLZOWT, HBHVINREENEETA
LADT I v —-RAEE, 7 ir—-Af#E BLEE,
77— YEEEEERE L ORI oWTHE S h
Tw5b, Tz, REHNE & A%k & OB
Z LA ST BI0ISE,

DX 5 IR R O RRICER b T
LZBREEO—2TH , BREBBEOKR 21T
55 2 CERENRHEBTH 5,

AP CTH IR AR I E R VX, BATCHER,
DAWSON et al*® OFERLESHTRBEDOEF
CHEE IS ENRERENERN GEMKELARR
REBIER) OBDILFED WCEL, SHbIBEE
HEmY 2307 — 2 OFHKELED 5 BT, —&
DREREMHRL TIT - 7,

1) BE%K®E (Water absorption ratio) &
BRI Ak 2K BE LICRET
DRKRTH 5, REAOBRKRIKEORKICE
S TUTT0 2 b, AR TIRBRERARH
EXFER ORGSR RE BN TEREL 7,

BEFKRIEBTBEWRFRFTBHE L —5
FRBREEY o (R BOKM BRI T TR,
EHE50mm, BEE30mm OSZAEHRLXFORT v
VABBEBCESX1I0g ¥ AR, Thi Y —
£ —A2T2C (£1C) CREREY L-REK
P 2RRBREL, TOHRKE D O ARBER
ERTBEEE OO MR KH-180 BI(» — # — X RA
-3 B{#HA) & HVT 2000 rpm T 10 B0 L4 B
v, BRI X ) BEBRKRERD L,

BRUAR=BEEKAOXER - BEW
BEOXEE (580

Z DBk T B RCF (Relative centrifu-

gal force) Xt (Minute) 132590 g4 TH b, Zh
RO SRR O RKERWRE L T\ 5,
2) n#EKKE (Water uptake ratio) HEFED
IREVEFERE SR TR OB H B ARES & gz
FIHL T3, Ldl, ZoORETIRMERT Lk
ET B0 RB -V DOBEIE L e ied, i
BEEOIELSERTFHEINE,

ZITTHERELT BREBKESELHA G
KR REOBESEEREL . TOKE, KK
BWORERK4COELDEADH, BIEEH
EOBRIYELIZL BHELEREREND B LEDD
hic, #- T, EXAERES R EONE L
1508y, -2 0BEAMLHERTERVLDR
L LHEW U, £ TAEBRTRREHMOREE
e+ — 2 A AEMBICHAV 1,

INEVREE 23 E T ¥ A& iR B A R L T
IEREIIR B ORENEE L oD, £ 2 TR
EEZBLEIRTIT > e TFHREROKERESE SO HOH
gopiesses L RE LT, RFHOZRYEBCE
FEDOTELMMBEL LTIHCERALL,

Tizbb, mE 80 mm, EEE 40 mm O HE &G
TIHERX10g AR, B Z0hORBEAXERR Y
Bzl zomdve@hrZHAEE0 4 27T
JFACELHVPET S, BEKIO ml ZAnDS
N T+ —FAXTEEKE® 75C (£10) @
AL A - RCHROREELTE LD
AL, 75COKEB 2HF B o0 20 4 Mz
WERT 5, 20 7B — NV E— A&+ —FARL
DEDHL, XHIM—AE—FIdnIEEDH
LFER S KD 2L, kA& b mEFkR
TRDI, IREHET 2 5 IEARKRAIE & T3y 1
SETT 5 1,

BB KR =IFARERE - BAXERE (B0

3) AEEER (Volume expansion ratio) #K
ARAT & ARk OB R 7/ F AL Y RIEL
KRk b REEERPEH L,

B RE = IR - B BT

=REKFIOM-FEAXEGZXD
M (RO

7233, 75°C C 20 3 HEIINE U 2 REUK R . L
RERBLL TV R, Wb TLARS S R
BBThHo T,

4) KREFEFOBHERY (Extracted solids)
F—AE— I HERSTRGRE AR 75 R 2B
L, ZhicZEKEm2T200ml EEET 5, 2
M5 20ml 7 A3 R BARKERL, th¥iK
BBEORBXHCIDIZOCEREL A —F v
RIZ 20 B A, S Hict—7VvoREY 105CE
UC 4 Rl U e REER 5 RIL, £ o
10 L THRERE200m! Fo BBV ES Y
Kb,
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5 WRERE D= — FERE (Starch-iodine blue
value) AR 75 A IRIZE - - IRE RIS GF
FIEH No. DTREL (B ED ZHRET 5. WK 40
ml & =—-FEHE¥K 2.0g 1,+20g KI/1000 m/ H,
O)2ml/ L INFER 1 mI %100 ml DA R7 3
A aNTHBEREB RIS E, TheEEKT
100m! BB+ H, 2—FHEK2ml & INEER 1
ml EEEEKTI0OmMI CERLI-bDOR T 5 v
7 &L, BIBIERTEEEER 101 BUA AT
£ 600 nm 23513 5B EE (Absorbance) #HITE L,
hxra—-VEEEL L,

2—F s TASARBI X 52813, XTASA
YERTA7 Irn—RART7 IrnyFvDdL, 7
Ir—-AOEBRORABEL = - FEORIBR X
DRETHE0, —F b BRTASAITIEALET
IR FVTERERTED, ZhikRoky
FRBE X TO B, o T, KO RBEHEERDH
B4 oXZR>»HAELLES S O

%6,10.18,26,39,40.41,42,85) T ki’ 5 — F‘ 'VC“A./»s; Aﬁﬁ;@% .

JEE & kR OK b L XEOHBEE R, BIE
REWEEH 2P ERES ATV 5,

LnL, AP cRESEAIZEONR L Ui R
RE—REOX K YR LEMETHRE L Bk T
BB, FDw, BXRERKRICX b KB HIKER
BHRCBTH LA TASADERYAIET A LK
%,

BENUDFT-FHERT, TASABEYR
BLIBEOREEXEELS Y Tv—vav
B—=TERDIETH, RIRTIFE I ERE
DHBHARNBELNT,

Y=6.36 X r=0.996** r(11,1%)=0.683

ZZiz, Yiia—F «s TASARGORLE

X BBROTASABEY% (w/w) ThH5,

T, ARRCRBLELRR G EIREE~D
TASADBHENS I LEXEKRT 5,

6) MREE¥EH PH KWK OBEK D PH 2 E
BRERSPH o —2 PH-S182HAVCHEL
7o

4. GREEER (EHERER, Taste testing, Sensory

testing)

BOECR T 5 XORRER Y, BRERRTR
T (BARBEHEA) CRE%KRE ShAHE &
3 iz, 1966 BB A [k O AR EHEM
FIORKBER ¥REL, IHIC1968FIZE

he RRoRWRRRERESR] LTEL, 2BT1
2l (1~2H&7~8A) #MERREOAR
HEBTERIh TV 5,

I CARETS ZOEBRT OB L
THRDOERABRZEH L7,

a. AARE (%1, Panel) DFEE

BRARC L 2T CEBR L FCE 5109
AL, AR AOEBRPENPELISBELTB T
EREEND, KOARFBREBEHR T XL
248 E L, FEREERIL20~39FE 0 FU EoEy
BERBK, »oBLbERKeTsEERTY
5, Lal, AR WTREERTHY, BA
THERITKRDKRIZOWTAELSEWERYE - TW
5. #o T, KORKARRIEBTFRCFHERRD
BERRICHEE L TR OHRFIREREC L BE
%01/))7’;‘1\79,96)0

KOBBRAERD < 2 AT, B2 5D 12 45
BTTTIKERBROBRVEL, AKRSHEOR
ERELETT 39, ¥, & 2 A%RBRORLR
CZLWARAEHWEELTY, 30 /L ED %
MR THNIEFEHE hic&EOFHiEREE LER
HeriB B,

IRBDZ ES, KROBEKARKR TIX 30 HL
LOTEERR D L DAFATHAGD I EE L,
LRI VBRELRFHEXE ST, X105
LERABRERELY TEBRILELLTIIH>EED
oo TORER, KR TT - LAKRRBRLYBLTE
BHEOEVWAKRSMEAEOh-:ELDbRS,

REORKRBD RN, JLEEAZEEEA
DEBEREEDORHLREANL BB TH -, FD
BN 154, R EDER12ETHY,
RIRABEREIISZTH -1,

b. HRERFE

IR bk DEBIRICK DO RIRIZE 2 5HE L HE
BT 578, RICRLEFIHTHRE 2T - %,

R T HE M ELRHZBRRC—187F I (1.8
RE, 600WI)ESERABELL, DBbrUHI LD
WARBR A A TR T A b 24T » ek R, DRSS
DERFEEZASETHY, ZhHIIRERRBROKES
BREOCHE (SHEDY LUATH o7, ThiRXIDE
—DIRBEEMBLR D LHERE R,

BT A NVBAETHORMEFTHIEEL
THBEX1 kg AV, EkIFESwBEBDKPT
BEHRZECEBRLAEET Chis5EEIEL
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foo DRZKEF MR A OPFRE 00070 2 E
LT, BEXERD 1.450oKTHhbb, BEX
lkgietLCl.4] OKEMZKAL 72,

BREFEEIEERCES R 25100 25
Ml&Ll, £otk8BDRERCRRICIEZERAL
Too IREEEERIXB X X 35 AHITH Y, LTOH IS
IS L CKEREZBELER L, REED 2BEIK
BAPHETHELRABOENL L 5% Z
Enh, 30 0M0ESL LoE X o 1 BRSBE LR
REBBL 7o,

ARBBROKRFEORE I S0CTH - 72,

c. RIREH

RREHI B A & FHIC X 2 FHMEOL BN 7
WS HEERERSSD T T o e,

KOREABREREF I MR (5 )] 25
BMEBAD B, Linl, BRIZRANEEIHEE
BEL CFHEiT 52 & 235 5% fod, KRR TIX
Mok ] OPHEHEE 2B L, BRAEVGA (5 )
E B ATHE CHIET B L 5 2R AIZET S - T
b, BB KRONENREFECEESET
X HRID ETFREINAS fop, KBEBRTIIREE
»nHOXORRIHHICHEBXABE O L INZ, =
hERBRORNCT » oo

Tl b, ARRRER T3 A k8l (Apperance
of milled rice), KK+ E (Apperance of cooked
rice), & b (Aroma), B X (Hardness), Hi b
(Cohesiveness), #%&A&FHE (Overall flavor) ® 6
HBE oW THEEXR & ORI 7o LB IC X 0 FHM L
e SRR L T3 0BHEL L, £0Mo
HETWE+5 0EHE L L1z,

RREER ITAT 1 B, b A% 2 B ToMIT
FEHRLIRVGCENEE LD EXRTWBR, F
®IFNBERRL 7,

FIRCOERTEE LA R AR IR ERI ) 2
IOPRECRCEOSRERLAENS 6 S — Ty
i, HERRAERIA—-TD28H B0 &bRL >
CRETIANCECE U7, RRBRBIIA TSI bt ik
LT, 562 UHRBO AW, ETIEF, HEiE,

RRFHBLA KO RABER OV TORBET -
2o R LRRTHRRNBI T 5EHMITE 2k
1o

HRAZAOEDIGRREEN (ER23.5cm)D 4 »
Frick, &/, B, Bo7—-7"%y, Kear—-70
MECEELTAKEYES, Mo 3 »FIicg ix
WIN—=FZERRg o e ORB ALY
T, RARELT, SIS cagT
BETTE, DRARCKEREEIZOEERATTC
e Ui, ERRPBOREE, HEE, WRELR ISP
UTEMERELRD, £ iRBcEFTE
55 EEL T,

B o N BWRFHE (X5 B, AL, EES
Mife & DFEFTRIF IS 2 A TN L 1,
II-C. BREIUEE

1. EBESECiEnsg

Table 1 RO K OB LT L EEEHR &
2 LT,

PHIBE R L s B EXOBRESE L BEES
BEREER—Th B, BEIBXBCI AEA
AKTRIBESRH LV ERESENR0.5 ~2%KE
ot THIZ2EHD TR LA L 5L, BT
RPN ORE R X VBTN ARBAT AR
», BEARBAECHEHERESE L 0 BBSEHEY
EERLIbDTH D,

R, HEBEXORES X RO B
BRA—OEEESE, ThbbRA—OBRERORE
BkTfTs & Lz

FERBABCI ABERIERER 2 v < AR
ko2, 3, 4FELBBELLLDOTH S,

2. BEXOLE

a. s #

D B E FigleBERRLL,

BEXEBRESYOE Tz b s,
TR — O EBRESE CHAIRB S X 5B EXD
HEMBEEIEABO TR I Y BWEER L,

PFHIZE R X 2 AR ISR = - 11t X %
TIEIOBIZL h T 5 2AREYEL, FOidkK

Table 1. Milling yield and real milling yield of milled rice.

Abrasive type mill

Friction type mill Commercial rice mill

Milling yield, % 93.7 92.7 91.4
Real milling yield, % 93.6 92.6 91.4

92.7 91.2 89.5 Data could not be determined.
93.3 92.2 91.5 94.4 93.0 92.5
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EAOKOELRH P AEFTCRELLAERSE
WEERRT, Thicsl, EERBEREBC B8
KRR E O EERIC & b HEHE S IokEg
THY, TORDEELNRL LEEMEWEY
RUTz, EHICHTEIRRE K © i Bk iSRS
B b OEREmo—RE BN 5,
KARBKBIC X 2B AKX O A E LB/
BB KB & AR OFHMOETH -, =
VARBREREBOBRBKR TR (AEBRKTR) ©
WREAXKOHEREERNBEXEOLhERL &
7‘4:07‘:0

2) EBXE Fig 2 ELELRLL,

BB B IC & AR E kOB LR B EIERE
BoXhIvEERRL, 5EEABECX

35

Abrasive mill o

N
<

30

Friction mill

Whiteness, %

25

Commercial mill

20 |
95.0 92,5 90.0

Real milling vield, %

Fig. 1. Whiteness of rice milled by laboratory and
commercial rice mills.
80 —
®
/IO/O
> [0}
g 609 \\ .
S \ Friction mill
a4
=
o Commercial mill
& o / °
401 -
o//\
Abrasive mill
20 1
95.0 92.5 90.0

Real milling yield, %

Fig. 2. Translucency of rice milled by laboratory
and commercial rice mills.

HREAKOBREEEIBAEO L L L H 2RG
WEERR L,

THIRB R BRI L VBRI A
BXAARTHETS LKkD X 5 RE#LZD LR
5, Tiebb, MZKNERERCHE -1 L5
WA TENE L, FOLMAEERD B LDEIER
Fid h # 5 ARTHRRPLERRES oV, Zhiest
LBERERMELHTHRED D, FEENL
FERELD 5,

EREBFRERIC I O BEX 0N 81
LTRIED TS &5 BB ORBBEASRRVEL
T B,

BEOHEOB-L D
UHBETEVLD

HROBGHD
S X OB DD 7o\ % D
BHEBRERDOD LD
BEANDEVH D

BEN (BrEFeR) oftdbo
BRER, Lak, Bakoditvdo
125 Y s )

£y OB olvd o

THhIZBS LEbES &, BEEABKECI B
BXONERTFE Lb, o THRTREBEXA
BoHEE B —%T 550A1E I, BEX I ELE
TH b,

Z:w% & @&p:' g, < @B}%12,13,14,22,43,44,48,64) -—C\~7
K 0 F WD BIE A M ERE & OBIEHE
LI RT3, LA L, BBYOHEREED
X5 Ikt B RIA ER L HIEEE 2
W En b, HRERMOT — £ OEBED LK IR
HTHB, TOLDBUEELHEEDRE LHERL
NEEh 5,

3) MIFEBRHEEX Fig 3BEFEBERYTLE,

HEFEHZOE TR L b eV EERE SRR
BB 5 BOXORFRERITLALHIET
L, BEHEEHEN 92.5% CHRFBRARIL 8% &L 7o
foo ZHIEN L THEIKE RS OBFRFRLET
B BN TH D, BERESEN 92.5% CHRFRF
RBiZIT%TH -1

BEERE AR EN 2 T RT 5
b, RIFHMBOKN EEMUREINS, —F, B
B R B IR OISR ZHI B = & < BT )
BRERYE - Tk ), L RBEERE BET

CECNCRCACNSACETNCRS)
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3 EFOBEBNEECEN D b, BIEEXOE
BSOS, LiL, —ROKBEXTERE

FBREFEOEEEXKIAENE B0 LEh T
Do T THEIRIE R IC X AR AXORFRER
PR ERANBCEREYE XD,
b. bZREDRRE
1) AHE Figd cBBELTLE,
BRBEEITHORBCLEBRBEIEDET L &
LI L, EE—0RBESE T, BESRE
- E R AR X B Ak OBEE LB

100

ol -
R 80} —\——— Abrasive mill]
5

E

o R .

2 o Friction mill
2 \ .
5 60 )

o

Z N

2 T

1723

&

5 a0+ / =

Commercial mill
20 |
95.0 92.5 90.0

Real milling yield, %

Fig. 3. Unstripped embryo rate of rice milled by
laboratory and commercial rice mills.

870 T
Friction mill @

Lo

850 - 0% —
N

o .
830 %—. _O/ Abrasive mill

Bulk weight, g /!

Commercial mill

810 ]
95.0 92.5 90.0

Real milling yield, %

Fig. 4. Bulk weight of rice milled by laboratory
and commercial rice mills.

KO LN L b 15~20g/] KE Dotz

HERSEOBETE b BREENORER I
BRI DB NEL B &, KNREOEE
FREBRBATH ENE LR B,

BEEARE R L TRIEOE KB X ARk o 8K
ENRARBI L, WMECEBMRENEEDOLRL
DINEWZ ERTL T3, ZOZ L RRIROEE
LBREC, BEEARBKBC I ABEEXONE R
LOTH O, FHIZREKEC X 2BEkoAH &
Blitb e — A X BN Eho ke L E—8T 5B,

2) W BEXOWTRHEIERESYOE
TEEhiwmieh, MBMELEL Rl ¥1-8
BABC I s XoRBE ER IR cE L
Moz,

c. FrEH
Fig. 5 wEEBE 2R L .o
HIRESHOoRVEEXRIBFRE L, 36
E— D EEESE THEIRB R X 5 EX0
BRETEREE (IR Th I v
Do T,

4 7 A BB O IRBE OB ERFHE O
BUCREEkD, BRI X DAk

o Commercial mill

® Friction mill
O Abrasive mill

ed & After 4months storage

80 4 T
\
\
\
A Y
‘\
o 60 6\ ]
\
e \
< A
0 \
SI ?\ \\
2 401 -
g ‘% o
& \
% v é
A XY
£ 9k Al 0 -
= Q\é
o
o}
0 1
95.0 92.5 90.0

Real milling yield, %

Fig. 5. Free fat acidity of rice milled by labora-
tory and commercial rice mills.
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& ot Pl EEIBRESE 92.5% T, BERBX
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Fig. 6. Water absorption ratio of rice milled by
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Fig. 7. Water uptake ratio of rice milled by labo-
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Fig. 8. Volume expansion ratio of rice milled by
laboratory and commercial rice mills.
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Fig. 9. Starch-iodine blue value of rice milled by

laboratory and commercial rice mills.

0.5 T
|

Abrasive mill

A —

o ) o]

Commercial mill

]
0.3 ————f: '0\—0‘——W

Friction mill

Extracted solids, g /200m!

0.2 1
95.0 92.5 90.0

Real milling yield, %

Fig. 10. Extracted solids in cooking solution of
rice milled by laboratory and commercial

rice mills.
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Fig. 11. Appearance of rice milled by laboratory
and commercial rice mills.
» and ** indicate the significance at the

5% and 1% level, respectively.
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Fig. 12. Appearance of cooked rice milled by labo-
ratory and commercial rice mills.
+ and ** indicate the significance at the
5% and 1% level, respectively.
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Fig. 13. Aroma of cooked rice milled by labora-
tory and commercial rice mills,
*» and ** indicate the significance at the
5% and 1% level, respectively.
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Fig. 14. Cohesiveness of cooked rice milled by lab-
oratory and commercial rice mills.
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5% and 1% level, respectively.
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Fig. 15. Overall flavor of cooked rice milled by
laboratory and commercial rice mills.
* and ** indicate the significance at the
5% and 1% level, respectively.
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Table 2. Milling rate by abrasive type mill of milled rice.

Milling condition

Real milling yield

Milling rate

Abrasive type Friction type

After Abrasive

by Abrasive Milling yield

After Friction

mill, Sec. mill, Pass type mill, %  type mill, 9  typemill, % %

9 100.0 92.2 0.0 90.3

7 98.7 92.1 16.5 90.6

15 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 24 .4 90.3
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Table 3. Physicochemical properties of rice milled by the friction type mill with three

different kernel temperatures.

Physicochemical Properties of milled rice

Kernel temperature beforé milling

10C 20C 30C
Real milling yield, % 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 temperature after milling, C 30.0 34.0 40.5
Risen temperature, C 20.0 14.0 10.5
Broken kernel, 9% 8.1 8.8 10.5
Moisture content, % w.b. 135C 15.5 15.4 15.4
Whiteness, % 32.3 32.4 31.3
Translucency 62.3 57.3 55.2
Color
L ; Lightness 63.0 63.3 63.1
a ; Red(+) versus green(—) -0.6 —0.4 —0.3
b ; Yellow(+) versus blue(—) 13.4 13.6 14.0
H ; Hunter whiteness 60.6 60.8 60.5
JE ; Color difference 0 0.4 0.6
Bulk weight, g// 855 852 848
Fluidity, sec./150 g 7.13 7.11 7.13
Free fat acidity, mg; KOH 3.5 2.5 7.1
Mold growth 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/200 m! 0.28 0.30 0.31
PH 6.7 6.7 6.7
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Table 4. Physicochemical properties of milled rice with four different moisture contents.
Moisture content, % w.b. 135C* 14.0 15.5 16.7 18.0
Moisture content, % w.b. 105°C** 13.1 14.7 15.8 17.3
Moisture content, % 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// 861 856 850 839
Fluidity, sec./150 g 6.74 7.00 7.02 7.13
Mold growth

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 value 0.44 0.43 0.42 0.37
Extracted solids, g/200 m/ 0.35 0.32 0.28 0.27
PH 6.8 6.8 6.8 6.7

* Method 135C ; Moisture content was determined in accordance with SAMJ method (1975) by
drying whole kernel of about 10 g for 24 hour in an oven at 135C (£2°C).
** Method 105C ; Moisture content was determined in accordance with drying whole kernel of
about 10 g for 24 hour in an oven at 105°C(%1°C).
*** Method PB-1D; Moisture content was determined in accordance with using a moisture consent

meter PB-1D made by Kett Laboratory Co. Ltd..
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Fig. 41. Effect of milled rice moisture content on

appearance of milled rice.
* indicates the significance at the 5%
level.
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Fig. 42. Effect of milled rice moisture content on

appearance of cooked rice.
++ indicates the significance at the 1%
level.
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Fig. 43. Effect of milled rice moisture content on
hardness of cooked rice.
* indicates the significance at the 5%
level.
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Cohesiveness*
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Effect of milled rice moisture content on
cohesiveness of cooked rice.

+ indicates the significance at the 5%
level.
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Fig. 45. Effect of milled rice moisture content on
aroma of cooked rice.
+ indicates the significance at the 5%
level.
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Fig. 46. Effect of milled rice moisture content on
overall of flavor of cooked rice.
+ indicates the significance at the 5%
level.
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Fig. 47. Effect of moisture content of milled rice
after 3 months storage on overall flavor
of cooked rice.

* indicates the significance at the 5%
level.
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Summary

1. Quality and Taste of Rice Milled by Labora-
tory and Commercial Rice Mills

The quality and taste of rice milled by the abra-
sive type or friction type mill were investigated and
the results were compared with rice milled by a
commercial rice mill (a compass rice milling unit).
The effect of the real milling yield on the quality
and taste of milled rice was also investigated. The
following results were obtained :

(1) At the same real milling yield, the rice
milled by the friction type mill showed lower white-
ness, higher translucency, and a lower unstripped
embryo rate than that milled by the abrasive type
mill. As the real milling yield decreased, both
cases of milled rice showed a rise in whiteness and
translucency, and a decline in unstripped embryo
rate.

(2> 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 real milling yield, the bulk weight of
milled rice increased and the fluidity improved.

(3) The rice milled by the abrasive type mill
and the rice with a high real milling yield had a
higher free fat acidity.

(4) Use of the abrasive type mill produced a
higher water absorption ratio than in its counter-
part, but there was no difference in water uptake
The friction type mill produced a higher vol-
ume expansion ratio, a higher starch-iodine blue
value and a lower extracted solids than the abra-
sive type mill.

(5) The abrasive type milled rice had many
scratches on the grains caused by the abrasive

ratio.

rollers and residual bran, hence each grain was
white and had a milky frosted appearance. On the
other hand, the rice produced by the friction type
mill was smooth, polished and transparent.

(6) In taste tests, the friction type milled rice
with lower real milling yield had the best overall
flavor, being excellent in appearance, aroma and
cohesiveness. The most conspicuous difference
between both types of rice was in the evaluation of
appearance.

(7) With
obtained higher taste evaluations.

milling yield, the rice
Therefore, the

lower real
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taste of aged rice, brown rice of lower quality,
brown rice with lower taste evaluations can be im-
proved by milling them to a lower real milling
yield.

(8) In 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 exper-
iment. Therefore, the information obtained in the
present study can be applied to commercial rice
mills.

2. Effect of Milling Rate Using the Abrasive Type
Mill on the Quality and Taste of Milled Rice

The effect of milling rate on the qualiy and taste
was investigated to gain a better understanding of
the rice milling method which uses a combination
of abrasive type and fricion type mills. From the
investigation, the following results were obtained:

(1) An increase of milling rate by the abrasive
type mill resulted in the decrease of translucency,
whiteness, lightness and Hunter whiteness, increase
of redness and yellowness due to the increase of
residual bran, and increase of unstripped embryo
rate. All of these changes contributed to the deteri-
oration of appearance. When the milling rate ex-
ceeded 40%, the color differences could be recog-
nized.

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

(3) The loss (i.e., the decrease of moisture con-
tent and the occurrence of broken kernels) declined
with the increase in the milling rate.

(4) As the milling rate increased, the water
absorption ratio and extracted solids increased, and
the volume expansion ratio and translucency de-
creased.

(5) In taste test, rice produced with high milling
rate had an inferior appearance, low aroma, limited
cohesiveness and poor overall flavor. For each of
these quality evaluation items, there was a
significant difference between the rice with more
than 409 milling rate and that with 09. There-
fore, considering the great concern of recent con-
sumers for the quality and taste of rice, the milling
rate by the abrasive type mill should be held within
the range 0~35%.

3. Effect of Brown Rice Temperature before Mill-
ing on the Quality and Taste of Milled Rice

The effect of brown rice temperature before mili-
ing on the quality and taste was investigated. The
optimal range was examined by using kernel tem-
peratures of 10, 20 and 30°C. The following results
were obtained :

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

(2) Lower kernel temperature produced rice
whose taste had high overall fiavor-it also had good
appearance and aroma, and was soft and cohesive.

(3) There was a decline in milling efficiency
with kernel temperature of 10°C. The appearance,
storage stability and taste of milled rice deteriorat-
ed with kernel temperature of 30°C. Therefore, it
can be said that the optimal temperature before
milling is within the range 15~25C.

4. Effect of Moisture Content on the Quality and
Taste of Milled Rice

Using milled rice with moisture content adjusted
to 14.0%, 15.5%, 16.7% and 18.0%, the quality
and taste were investigated, the optimal milled rice
moisture content was determined, and finally, the
optimal brown rice moisture content before milling
was calculated. The following results were
obtained :

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

(2) After a one month storage, 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 content. Con-
sidering the storage stability, the permissible maxi-
mum moisture content of milled rice is around
16.3%.

(3) 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
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these cracks, the amount of starch flowing out into
the cooking solution increased along with starch-
iodine bule value and extracted solids.

(4) Rice with low moisture content had an infe-
rior appearance both milled and cooked, with the
cooked grains were hard and without good aroma.
Both high and low moisture content rice had low
cohesiveness. Overall, rice with 15.5—16.7% mois-
ture content received a higher exaluation than that
with moisture contents lower than 15.5% or higher
than 16.7%.

(5) The taste deteriorating rate caused by stor-

age was higher in milled rice with high moisture
content than with low. After three months, the
taste evaluations for both types reversed, with the
14.0% moisture content rice evaluated to be the
best.

(6) The optimal moisture content of milled rice,
with consideration for quality and taste, is within
the range 15.3~16.39%. Since the average moisture
reduction caused by milling is around 0.29%, the
optimal moisture content of brown rice before mill-
ing is within the range 15.5~16.5%.



