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Effect of Milling Methods and Particle Size on Carr’s Flowability
and Floodability Indices of Rice Flour
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Fine grinding technology is expected to permit various application of rice flour, however, it will
decrease flowability of rice flour, resulting in formation of bridge and cohesion of powder inside the
food processing machine. To determine necessary equipments and technologies for the processing
of fine rice flour, this study investigated Carr’s flowability and floodability indices, moisture content,
and roughness coefficient of the flours made from nonglutinous rice (white/brown) and glutinous rice
(white), having the mean diameters of 3~30 xm and 30~100 zm milled by a jet mill and a hammer
mill respectively. Although the moisture content and the roughness coefficient decreased as the mean
diameter of the rice flour decreased, its flowability decreased as the mean diameter decreased down
to 15 y#m. In the flours at 3 #m mean diameter, the flowability of white rice flour was almost same with
that of 15 ym flour, while it increased in the brown rice flour. The rice flours with the mean diameter
less than 30 xm were less flowable than traditional rice flour joshinko, however as flowable as ordinary
wheat flour.
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KRIMAROAH LR TEELRBE STV 5.
KIELS POREDAELTRBELE LTERAINT
B0, ZORMEFEIETE B, 3ty Zofbn
TEREEZIFIZESTWS [1, 2]. SUEI 0L
FoTEONEDNIVKGAEBEND L5110k
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WEMENBEL kb dh, AREMAEICBVWTEZ
DEEBAOND T ENRE N TS [4-7]. L7
BNoT, XMkt h=kBEekr sRfHINT
KL L CHRBMENMES B2 LE L b0, ¥
BV EMomBENEEIZ LTI S Z & 8Tl
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AP < DI THEMEICH LT EORE O E % i
FTAREPEHWT 5701013, Bk X = KB OR
PUAFMT 2L BVARTHEENE S,

WMEOWEEZ M T 2 HEEVW D22 REIIT
WAH, £D5HD 121 Carr DREMEFE S I KL UE
WA H 5 [8]. Carr DFHRIIHMEDEME, &
BAZEOKEE ORBRERL, 5 RANICHEM L &
UIEFMEZ B L, BEEHEOKE b X UEEDRE
WL THZEICERZENCNSS, ZOFEEHL
TR OB BT A AIZE M5 E T B [9-11].
L7zh 5T, Carr DFEE W THRAL 2 =Ko
et KUCERME MM T 5 2 Ltk y, Rk
N7 K RIS 2 B0 THME IS L TBEE &
DREOIENE SN, ORI X 5K %
B MRZECICBET 2 RIFN MR 23S 6 h 5 & B
5.

KA TRBARAL 2K DR B M - RIT T B % R
T 2729, [AMINBHETHEY 2y b INLEHD
TFENER BB L Z 3~30 um DK%, EHEIHH
BTos v —3INEROCTEFENERBE L% 30
~100 ym OKKGEFS L, Carr DFEICE D RBM L
S UERMEDM 41T 5 7=. =B e h=kE%
BEEMTEETHWAEICEZIVDESMEL FHlT 5
728, HEPOFIHEINTEKBO—FETH 5 L3
¥, BIUCARRBOBEEMTIC B W TR FAHEE OE WA
ERCOVWTEBE L L THEM S LK OO FHMm
T o7z, KRB ORE I K OKH S & ko
BEMEICDOWTERT 520, ABOKTERIZOW
TEHEET - 7.
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WTRE L, EBRIZIZENRE BRI 5 %
TEBRENICHE L 2BER L2 Bk K U0NER
(FRJIR) IZRIIR N D /NFERE CTHEA L 724 % Fl S 7z
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Fig.1 Schematic drawing of the jet mill. 1. Compressor, 2.
Nozzle, 3. Impact plate, 4. Adjust ring for the impact plate, 5.
Impact plate upholder, 6. Feeder, 7. Classifier. )

BASAIERE N B, I8 & 7z Bk i3k 7R+
BPLUHEREEET I LIckDBMEns. B
EhzRFIREHE I ZER IRk s h
R E R IR AR, BB EORREA
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Thh, MNFRE, FmERIREE &BIREDBIR
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HERSIE SR OWBRICK D RE ST TS %
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2.2.2 N>v—3)b
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Fig. 2 Schematic drawing of the hammer mill. 1. Hammer, 2.
Screen, 3. Lining, 4. Lining case, 5. Coolant, 6. Feeder screw,
7. Screw case.
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BiENy s —bXUHHRERERICRESINZT4 =V
FTLOBRIZE DB END. S NIR T3
FTIHICEBEI N2 ) -V EBEL THBEICHE
HENHABERICHESI NS, BREZENY v —,
TAZY T B ELHBROBEBIZI D KREOBRMNRET
57:%, MBREEI Oy vy MEEEEFELTHED, wH
WERREEBREOEE LHEZH <RI TBE AT
5. NV =3I NERA EEREMOBRIZA L HW
5TV 3 [14].

2.3 BMEEH

Py FINIZBVWTER ZLVAEVD 5 —FEEN
FTCRELERICLEPORIEEREML, B
NERTOEDNELS BB ENE. £/ I EH
OERHEAL D & B2 E COMREE, R ORI Y2
DB EICE->TEMMEhIRTELIENT 3.
Txw b INICT KB DS%LM % Table 112787,
Pxw b INERICEO TGO BIERSREE 3,
158KV 30 um & U7z, FHRZED BEED 30 pm D
FHITBWTIIEHEREIWD T ISR 21T 7=
ZDEMBITE VTR, BRI TFERLEOEEL LUK
FLEEROTREEOHEBRIZLDITbh=LEL6N
5. J ZLOERBEADN? S FHAK 10 mm O EIC
BENEREL, HRROIWRE ZHEL .
NYZ—3INIZBWTIRAZY) - VREEEET 5
Zricky, E7-EEYZ)ORBRAREHETS
Zricky, BREhsNFOVRENELFAET S Z
EHARETH 5. NV v — I & BFSAF % Table
2T, NY v = IS BT RSN E
30, 60 B KVN100um & L7z, Ny ~v—3ILBRICE
WTIEYLFREEFRTHBRUELREL S Z &3
RENT20, TNFNICELE ML EREL -

Table 1 Milling conditions in the jet mill.

Target mean Nozzle internal — Distance to the  Feed rate
diameter [¢m] pressure [MPa] impact plate [mm] [kg/h]
3 0.65 62 6
15 0.42 92 12
30 0.30 - 12

Table 2 Milling conditions in the hammer mill.

Target mean Screen opening Feed rate
diameter [pm] size [mm] [kg/h]
30 0.5 6
60 0.7/2.0* 12/18*
© 100 2.0/3.0* 18

* milling conditions for glutinous rice.

BREEFICIE 10C OWMHIKREBHREY ¥ 7 v MCTEER
¥z, A2V =V OMBEIMIOEICBBERAREL,
A0 =V EBLTHBEANTL SN KBORE
ZIEL 7=

2.4 HHOKERIHATE :
SRR A i L — 5 — BT EOR B S A R
(SALD-2100, #RASHEEREEN) ICTHIELZ. &
B3 2 =L ERE, FRICTHEZT- 7.
SEERETNEERE AN EEREEE L.

2.5 HEDOKDEE

R B & OB REMIC X - TR O KSITED
BET, B OREMD X ORI RET 5 WEEE
BHBHEZZbNEZZE»5RBOKRGIZONTHER
T o 72, RABOKFIZIFREE (135C, 1K) 12T
HIE L7z, F 20T OKRIZDWDTERGHEEEIT -
7=,

2.6 Carr ORENMEIREBEIE

Carr OWREMETRBUL, BHAROEMEE, ®RBA, Z/5F =
T, BMEEL LIFBH—ELHUEL, ThZhOE
HOMZERMBBIZHLTO /M, 25 m (BEEIZDNT
FO0MA2E 15 /) OREKEMNS LETORKEESFL
728D THY, MEPREL EZ2FEHRHUERLL &
BeaNnTnsb. ThEFhOREBRDHEALIX Carr
DFEIZEDSOTITS N, ZORIIIE, BELLEIZH
#HahTwns 8 9, 15]. ThZFhOEHEOHEIZIZS
HREAD A M E 2 (MT-1001, A&tk w 4 v v
®F) FHGE DTICSHEEREORELEIZDW
TiT.

2.6.1 [EHEE

2% 100 ml DEZFIZH B & 250~355 um D% L
THABZREL 2. ABOTEE, FHELEFOKBE
T, O3RN VEEp, FRE L. RIZHERRIC
Fyy TEEELABEZEMNL, ¥ FTE & 18 mm T
180[E & w ¥V Z afro 7. Bas EBORB 230810,
B 7 Y B o, #ME L 72, EME C, BWISR TR
IZ&DEHEL 7.

C=100(p,-1,)/, (1)

— R ICREE DB ERDEMRE IR E S5,
2.6.2 REA
READREE, ERIKBED »PREINTVEAH
9], AR TRAEAEICTHEL 2. HHZ 250~
355 um DFfids & O A 8 U TEE 80 mm DT —
TLOHRIITHABAEA L., ABEEALLKT T —
TLOGH, ERABBEDEDS, RS HEM L TR S
NMEDORPRE L&, TEHREHCTHED
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FHE & AP HE A 2§ A &2 HE L 72,
2.6.3 ANF158H :

SEAR LBV 72 22X105 mm D A8 F 25 B+
BEORBEHE B 2%, 2/5F 27 48E LIS
ol bRsy, EHEHVTASF 2T FickEk-
RABOERIAARIE L. Z8F 2 T IC—EDOEHE
5 A%, BEANOERAZIEL, H8E5 2
ZHEIOAEHER A & OFHfEE 2 /SF 25 AL L=
2,64 BEEFLEIH—E

Carr DREHEREIEIZH VT, AP OBREES
BLMBEEPMETE 254 TEEE 2 AV TREME
BEOBEMZTV, AR Z ZZRROBERTH
—EBSEETE BBAICEE—E AL ORBMEK
DEHETS LI T3 [8].

BHEEOREIEZ, SEEOBEMX O+ B X 28/
WIBIZT2 68K, w [g] GEFIE2 g) OB L& L
BORICREESHE252 5. HOERITZ1 mmick 3
XOHET S, iR X BER T [s] BB O
HYEE o, KON TRA25EHT 5.

7=20+(1.6—p,)/0.016 (2)

% 72O P 5 ILET 5 5 B0 S BE R KRR E
HOTHET .

p=(p,-5,)C,/100+p, 3)

REZF L%, EPTEROEICE > 2R_ERE v, w,
w3 EENEFNHEEL, RAD» EEE C, #HIET 3.
Ch:[%+%—x%+%x%jxloo (4)
HWaEO BRI, SABOBENEEN (5B X% 04
~0.9 g/cm®) %A, 75, 150, 250 pm Db D EFL,
BN XOERBOBAIZHB X 150, 250, 355 um
OE %, BENKEORBOBAIL 45, 75, 150 gm D
a2 ENE. WThOHEALHASELIRT
BOG&2EBELATE AL EnE Eh3.
AE DY —F U idRESRBEY» 6 /6N 7- RS
FREHER & 0, 60%FE Xy 3 & UF 10% 4% Xy # 3K9, W
EHWTEHET 3.

Uszso/Xlo (5)

AR FORENE—TH 5, H—EBIE 1IGET%
REMEVELS 25 & Eh, RBKRFORENRYE—T

H5%, B—EOEBEIKE ZDRBUIMMEL 55 L
Eh3.

AR TRIERICH O RBRAB O S 5, Kz
# 3 um DFBE L FERAE 15 pm OB O —F % B
TeKE G ORARHZ, RTEROMEBERBLZVAEZD
RTBEEh T2 e PRNESHUEDOR‘RE, S F
DHIHL Tz, E-8EEEHCEL L 22RENHE

BEREH—E+HCCEE L 2HFEEREE 4 ERE LR
TEELEVWARELIELONZ720, KR TIEETO
RECOWTH—Es A CHRBEER &SN L 7=
k72—, RAUERORNICEEEZAWEZEEL
V—EEHOWEZBADBENIOWTRET 2720, F
BRAE3 um & 15 pm OFRBHZ DWW T B EERIE &
To7=.

2.7 Carr QOMERMEIEEAE

Carr OEWFHMEIEEIIBISB R - RE I e A,
ZH, SEEMAZ4EBEZHEL, ZhZhOHl
ERBISHLTORP»S 25 DM ENE5LETOM
BEAGLZEDTHB. HEIPKRELZBIZLED
W75y vy (RER) HBEIDRLTL a0, BRI
HLUTY— L AROBEENEH AL ENAhTND
FThZhoOBEBOHEMREO B\ 3 FEEtEREE
RICED SN =RICEDNTITS [8, 15]. ThZFhoD
HEH ORE I T F BRI E & RIS SRR A
YRS (MT-1001, BRX&ttv 4 v v %) #H
W7z PUMICSHEE B ORIE AR DWW CEET
2.7.1 HE4

TSR HFETH N R EERE X5 ICHE
LU 72, —EICREME LA B VBERIE EERHRE S &<
BAEEPDDEEND.
2.7.2 HiiEA

WM MEREAEOH TR 2R EAPESKT L
RET, REAPET — TN —EDEHE %5 2 Rk
MegEa i 7. FEHEFAVCTERICXDMEL
7oA SO fESH A A BlE LA & L. AET
MW= B AEET — 7 i3E X3 100 mm, EFED
10 mm OMBEFEOZHEO LEHIZROHF o THD,
T, TR, FEIXELROMFTFERTOSEEE
HIZZ27 Vv 28TH D, IHEICEFHBICETEHES
ZEHHEEAEF 153 gD AT VL ABITERIRD I EL
DRI SN TED, ZOEE2T —TLTE» 6B E
T3EFETEHBZILICLD, REAMET — T ic
B\RAE G5 A7 AEAMNSOE, BhoERETK
Fnexha.
2.7.3 =8
ABOREAEPEADELFELERE L =
ANKENE, BEOERMEZAENE IS,
2.7.4 DEE

Tty FIT AL XIENBEE 100 mm THULE A
BAFEIROH 5 2M# 2, BX 600 mm » 5 A
100 mm D7 27V LVEAFEAEL TH 10 g DK% %
TEz wrvFsI5 A LIRS ERHOBER w, %
WEL, &AH»658E D, #5H8E L 7=

D=100x (w—w,)/w (6)
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ROICEVNTwiZETSRL-ABDODEETH 5. K
EPRZVEEERESRZS LB LEh, F-RE
UHBR BB ELENS.

2.8 K FREHHEEDHEE

RFOREFE 1X Ehrlich & Winberg D 5 [16] 12
HEOWTHELZ. HIOICKEREENE FHEME
(JSM-5600LV, JEOL) # HWCHIEREE 5~10 kV I
THBRFOEBGEZERE L, R L Z2EH{E2 5 AR
FOREmAEMA L2 KIZ, BREOELH SEHER
MEDODZEHETOHEBMREZ, Zhb 2mEERE
BEACERRA 23/ 0 OB L U TR TR R(9)
ICEWB L7, ZORETIIERIBBELRITAE & HEEED gt
BMEAZT—-2DEETHLH, GFE7—) LB H
WBHZEITEDRIZAT 7 - ) TRBUSTRS Z L4
TRETH 5.

N N
R(6’)=ZA"cosn0+Zanin né (7)

n=0 n=0

R7IZEWTA, BLUB, 37— ) THZ¥THS. N
BAEOLHEERDT -2y b ETH D AME TR
360 Th -7z, KFOERFHRFLEMITE KR
WONTHBIFE, 7V ZRED n=0 K51 K
 n2l B HA/NEL 5D, KFRRSEMHE TEEmH
WL B3 FEET0HEE5. KNTBIROEME X & KT
FREOM & &R T K FREHME P, 3RIZ/R T Ehrlich
& Winberg DMHEREOX» 53HE L 7=

1 < 2
P Ses) ©

J

R8HFD ;B LV EIZEMICBUTRET 5. KB
DL EEREZFHET 25AE/ OEE 1L, KT
RHOMACHMICEE T 3B ZMMHDOKE XIS
CTjaEREI LTS, EFEOT7 - RO EIC
BOWTE, 7)) IREOREPKEL BBIZLEN
WV, EBRAEIC X ZREERAND ) 4 TOHE L LU
HEBEOHEENKREL BB72D, kOMEIZDONTIRE
HBETS. KEIZBTRRNTEEOEROFE
B X 2535 720=1& L, »>60Ilki57—1
IREUIIZIZ VA XL ALEZ 05 k=60 & L7-.

3. BREEE

3.1 BEEORMEE

Vry b INKEEIBBREORKEE BB EGR
FUEBOREIZ L 5 FTIEIR 0~3.5COMTHREL /.
BRI 4 ORFORE BBEEMIC LA L Tnhs
BEMEH3300, Yy b INICXBHBRIZHENT
FRBEEEREICH I AT EWnWEELILNS., —7,
NV =3I K BBRTIE, BB S P

NEZRBOBEDR ERL, 15816 2088% 55—
EIRE & P OICARANIRE S ER L. BRHRE 2
LR U 2BOBBHORERE DEHEIT bk & % 40~
50CThore. 22— VIRENNELS 5B5IEERAB
BEPEL B2EANH D, FXKEMRL LRI
REEEAEL 23 EAA AL NIz, BREATOR
BRAEZNABELDISIIEL  EoTWnELEEL
5N, NV v — I X BB TIERER D R ER
ICichTnseELILNS.

3.2 BHORERS

BRI E S % Fig. 31287, Yz b INLTH
BERZZBRBBZOThIRNESMICE-DE—2% 3
LR BERSMISGENRE ST L &> 7. BETFER
15 um & 30 um DOFRB T PERE L LB L T/hX

Relative volume of the particles [%]

0 MR SRS “-g diale b i
0.1 1 10 100
Particle diameter [um]

Fig. 3 Particle size distributions of the rice flour. The mills used
for the sample preparation and the target mean diameters
of the samples: 1, jet mill, 3 xm; 2, jet mill, 15 xm; 3, jet mill,
30 ym; 4, hammer mill, 30 #m; 5, hammer mill, 60 xm; 6,
hammer mill, 100 zm.
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BREORTFHETALNZDICH LT, BEFESK
Z3um ORBCRIKELH > Tz, fWE 15 pum &
30 um DFRBTIBHR I N T2 & 5ICEHZE L 72F
ICAEDPS/NEAENS Z LI X DB REA L2,
R 3 um ORBIOGFEZ I AE THW A=Y v b
SLDOKFERE TIIMB I N NT R E 5 ICEHEL -
BAICBWTE AP E L 572, B LIERTFOA
HIRTW B 2/NFOREN/NE T E 22720 B A e
ICHEINE»P 5B EQOBEHANBELILNS. NV T —
INTHRE NI EEFERENNE L BB
LB WRESHBIAS Bolz. WY =3I N TIEX
) —VREENILSTHERTFOMBEANIZLIT S
FHHEREAELS &, BRI Fo—E»» X
SIZREEZIMRAL T3 Z L2 &k 0 EERES/N
{BBrLEFEZONG., FREAEBRTHW NNV —3
NS TR A B L TRV, PERENNEL
BAIZLEDPONESRBILEN 72ELZ 615, B
BICE DB o N0 FHREIZ 2 TEHEEL15%L
HNThH o 7.
EFmoFEEREE 135 um TH D, FEHEED 90%
25 75~228 ym DENZAMH L TH D, HEHKNFEDY
— gL 572 NEROFEHRZIZI9um THD,
REAAIZIFR 30 um & 100 um 22 DD ¥ — 2 A&
5Ntz INEBRABHERE D 90% D 4 A B i 10~
141 ym ThH » 7=.

3.3 HMOKG
KB D R & 75 5 7KDY L FK (KEXK),

14 | iy
g |1 .if
LT o=
3 ! r
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Fig. 4 Moisture content and the mean diameter of the rice
flours, joshinko (X), and wheat flour (+). The ingredients
and the milling methods of the rice flour: O, nonglutinous
rice (white), jet mill; @, nonglutinous rice (white),
hammer mill; A, nonglutinous rice (brown), jet mill; &,
nonglutinous rice (brown), hammer mill; &, glutinous rice
(white), jet mill; 4, glutinous rice (white), hammer mill.

TLFK (LK) BXUEFRTERETHR, 161%,
15.4%, 15.2% Ch o7z KW S N7z KB DX % Fig. 4
WKART., Vv b INBLIUONY =3I E GITKE
DFHREBNEL B BIZL =80, KG»ETT 5
ZEBEENITE o NI —INITXBBRICE
WTHARBORER LR LAEZ LIk TRBDOAS
BPEFELZEELIOND., KBOFHNENNEL &
BAT LA, BRI B B KK O Ui RS R
EL kD, XOKGHPERLELELZLONE. Yz v
b IUVBRIIZ BT, B RIRAERICH W 22K
ATV Y THEMEINZIFEICHZ2BERE LT
72728 (10CIZ B 2 HXEE 100% 2L T), BFesic
KPR LZLELOND. Vv P INHRICE
WT 3, KBOEERENNE L B BICL 280K
DRI ICHE T SRR RS B D AKDBET L
leFELZbND. F7z, FHRERN 30 um OXKBOIK
SIZEBTBE, Ny —ILTHBREREZERBOK
SRV 2y PINLTHBRINZEDEHERL TEKS
bW il

3.4 Carr ORBMHEBBIERR

3.4.1 AHEHOERE

B DEMEE & Fig. 5123, FHRENNE L &
I 720 KB OEMRE XS A2 ERERA L 7.
EMEOERICHWZ0 30 4+ BEEIX, FHENE
100 ym D ¥EXKHG T3 0.55 g/cm®, LK T 0.45
g/cm® Th o7 DR, FHEEERE3 um OXB TR
0.20~0.23 g/cm® & k5 72. RBEEREOR KL ®

50
=
2 40 |
3
k7]
0
g
o
g 30
(&)
X
20 1. . .J...i i i i)
1 10 100

Mean diameter [um]

Fig. 5 Compressibility and the mean diameter of the rice flours,
joshinko, and wheat flour. Symbols are same as those in
Fig. 4.
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20N EEOBERITIIEBE TH -7~ HDIVE
BiZOoWT RIS, RBOFERESNEL K5I
L7=vWNE L G af@msBA 6z, FHREE 3 um O
TN FARKLZABHZ DT B SR /N & 2 5 72,
SEHTRIEE 30 um DERBHI B W T, BREGTEDE WIS
LPEMEDEIDL, RERELPSEZEFROBRT
3.2% (Carr DREMELIRE T25/) TH O, Wik
FHEDBNZL I KBOEMEICKE ZENTAL D
B oz,
3.4.2 ABMOREA

BBt D % B A% Fig. 612m 9. B OFEERE L/
T BBICLEPVREAVPKEL 2D, RBOFEE
HEPMEL B2 EBIZDH B Z E PRI N0, FERE
23 3 yum O FRPHI D W T FEHREE 15 um DFRBEE Fb
BUTZEADEMB/NEL, &ITyLFLKEIC
BOTIREZEAPRD U= BRI 30 pm OFRFHC
HEHTBE, "I —3INLNTHHEIA-RERY = v
FINTRBR IR L DRBANKEL, WS
EORKBOREMEICHELELEZ TR I EPREIR
7=,

3.4.3 AHOIANF1TA

ABLD Z3F 2 T A% Fig. TSR, Z8F 215 F
B—BRICZBEALIDRES BB LT TS (8],
KAFZRIZHBNTE ZDEAPHER S Nz, Z8F 25
A ORBEHERE, BRABIcL2EIZIREMAEIF
IFERIMROMER AR L7, ILFZRBD Z8F 2 7 £
PRERAG & R LTk E L, F2FEREDS 3 um DR
BED Z03F 2 5 AP FIFRAZE 15 pm OFFE iR L ¢
INEL o7 RERBALFRKTS - 7=

344 HAHOY—ESLIVREE

RBDH—E % Fig. 8I1CRT. NYyv—3ILIickD
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Fig. 6 Angle of repose and the mean diameter of the Tice flours,
joshinko, and wheat flour. Symbols are same as those in
Fig. 4.
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Fig. 7 Angle of spatula and the mean diameter of the rice flours,
joshinko, and wheat flour. Symbols are same as those in
Fig. 4.
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Fig. 8 Uniformity and the mean diameter of the rice flours,

joshinko, and wheat flour. Symbols are same as those in
Fig. 4.
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Fig. 9 Flowability and the mean diameter of the rice flours,
joshinko, and wheat flour. Symbols are same as those in
Fig. 4.
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Fig. 10 Dispersibility and the mean diameter of the rice flours,
joshinko, and wheat flour. Symbols are same as those in Fig. 4.
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Fig. 11 Floodability and the mean diameter of the rice flours,
joshinko, and wheat flour. Symbols are same as those in Fig. 4.
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Fig. 12 Photographs of the particles of the nonglutinous rice
(white) flour. The milling method and the target mean
diameter of the samples: (A), jet mill, 3 um; (B), jet mill
30 um; (C), hammer mill, 30 xm; (D), hammer mill, 100 xm.
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Fig. 13 Roughness coefficient and the mean diameter of the
rice flours, joshinko, and wheat flour. Symbols are same as
those in Fig. 4.
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