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Abstract

Two different methods (Sieve shaker, Elzone particle size analyzer) were used to investigate rice
flour particle size obtained by various milling method. Results of Elzone particle size analyzer were
more effective than Sieve shaker in determining particle size, and the distribution of particle size
of rice flours was affected by the type of the milling methods used. A rice flour, prepared in a Pin
mill had a particle size range of 60-—~500 mesh, and 30.38% of the sample was in the particle size
range 200~270 mesh. A rice flour, prepared in a Colloid mill had a particle size range of 40~500
mesh and more of flour particles appeared in the range 140~200 mesh than any other particle size.
A rice flour, prepared in a Micro mill had a particle size range of 140~500 mesh, and 41.62% of
the sample was in the particle size range over 500 mesh. A rice flour, prepared in a Jet mill had
a finer flour particle size was over the particle size range 500 mesh. The finer rice flour gave the
highest L value and the lowest a value. The wet-milled flour particles were observed as a cluster
of starch granules and the particles of rice flour (dry-milling) were observed as fragment of rice
grains. Scanning Electron Photomicrographs revealed that visual differences in structure between mil-
ling methods, and similar results with Elzone particle size analyzer method in particle size.
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Table 1. Type of milling methods

Type of Type of
milling miller

KV-50-6 de (;m Ln Jdpdn
880W X 2400L X 1661H (mm)
Roter: 736 mm X 6 plate X 30 pins
Screw feeder: 4 rpm

Air supply: 50m*/min (570 g)
Orifice: 450 ¢émm

Throughput: 400 Kg/h

Alpine Aktiengeschellschalft,
Model 100AFG, Augsburg, German
Grinding air: 50~80 Nm?/h, 6har g
# of grinding nozzle: 3
Throughput 20 Kg/h

Operating conditions

Dry milling Micro mill

Jet mill

Wet milling Pin mill

SC-1B Gyoung Chdng M.—uhme (,u
Korea

400W x 4201 X 670H (3~4 Hp)
60 mesh screen

Throughput: 80 Kg/h

MKZA 6-3 SUS Masuko Sangyo Co.,
Japan

Motor: 2.2 Kw, 3 phase
Throughput: 100 Kg/h

Colloid mill

geF 15%74 A2 A1) €&k Colloid mille A8
MR A&l 24417 PRG-I 4093 F
GntAglel 600 $EUEIE DERSD) by LA
&glch. Jet mill > multi-processing system 22 jet mil-
lingsh AhE-3lgdch AlR-7)e) FH™ Al Table 13
[aa

A71Ee] slxe Bl el 2bzi7]i= Sieve shaker
(Model RX 86, serial #2682, Mentor, OH. US.A)el
60, 80, 100, 120, 140, 200, 270, 325, 400 % 500 mesh2]

EEaAs A stal ol W 200g Fsted 15
ok Alekgl & o7 A kel ARE AR oks ek
stol FAstalom, w A7l F b 02¢%
Ao 100 mi(isopropyl alcohol+ 2% lithium chloride +
222ke] tritron X-100)oll F4bA1A sh7bFo) =170 e}
&89 150, 380, 760 orifice(micron)& 3t 7! Elzone
particle size analyzer(Model . Elzone 280 pc, England)
5 AHgstod Zb AlEY 100,00070 9] B iR E
%2 ste] Sieve shaker W} vlarsiel dEsisich

A7 u| Al 2 gold-palladium & 2 5F-&ho]
=2} 21 " v] H(Scanning Electron Microscope. Hitachi
2500, Japan) .2 FH-TRet QAbAY)E HAsied o,
wrbg-el Zv|el Ao A3tEee] gl AE 9l
o} 7] 1008} %2 ofsted W 2(area), WA H(frac-
tarea), 3 XA 4(peround), %71l 2 7A(H. diame-
ter)& FAst, sl gl arh AR o)A
HiRox Al2®ol| 4] 7w 7} 10%(w/v) ¥ %2 he-
xaneol| FAMAZ] & B E ) 625w 8w shad

a1 A AF=|(KIT-500. PIAS System. Japan)Z- o]&, &4

.
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Table 2. Particle size distribution of rice flours measu-
red by Sieve shaker(%)

Mesh Pin mill Colloid millMicro mill Jet mill
~60 - 10.02 - —
60~80 - 10.95 - —
80~100 6.27 - -
100~120 - 14.08 - —
120~140 18.52 4.68 — -
140~200 8.26 18.36 — -
200~270 52.56 11.74 — -
270~325 10.30 13.34 5,03 —
325~400 - — 54.23 1
400~~500 10.36 10.09 40.74 99.0
500~ - - - -

Mean size 70 48 um 10047 ym 3617 ym  20.18 uym
S.Dx> 2794 79.29 19.88 3.15

*Standard deviation

sheict.

M2 olzt=ze A= A (Color and Color
difference Meter, Model No UC 6001V, Yasuda seiki
Co., Japan)& Z73&to] Hunter?] L(lightness)3t, a(red-
ness)zt % b(yellowness)gt e & vheh i Huegts) Sl
g A abslo] wlwstelc) ojn] RE MO T WA
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270 mesh Abol7} 5256% 2 7}4 & HEEE el
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°‘X}’i7l*“ 7} AR 10.36%5 eh Gt e
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wis o] Colloid mill®] % 60 mesh ©] 6}4 ] &=
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,}- mesh® 3 E27} o] foi2lg of 7t M?\i‘;}. 7V
w0 Myl 140~200 mesh Abo] 2 18.36% 5 vieh)
0,14. Micro mille] A9 325~400 mesh Ale]e} <1z}
A21% 7} ArbRYL 5423%% VM B FEIRE
X ‘ﬁf’ﬂ:’%v 400~500 mesh Alo]2] JEFETE 40.74%
0.3 325~500 mesh Ate]e) slxRFE7L dAo] 94.97
T hEHL 2z sle] st vl S o & gglch
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airh
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Fig. 1. Particle size distribution diagram of rice flours
(Elzone particle size analyzer method)
1: Jet mill, 2: Micro mill, 3: Pin mill, 4: Colloid mill

Table 3. Particle size distribution of rice flours measu-
red by Elzone particle size analyzer(%)

Mesh Pin mill Colloid millMicro mill Jet mill
~40 - 1.2 - —
40~60 — 7.1 - -
60~80 1.38 11.7 — -
80~100 141 10.78 — -
100~120 1.96 10.71 - —
120~140 439 11.73 - -
140~200 25.56 24.03 6.74 -
200~270 30.38 17.25 14.02 —
270~325 11.27 3.56 9.53 -
325~400 6.94 1.69 9.83 0.06
400~500 10.54 0.25 18.26 15
500~ 6.17 - 41.62 98.38
Mean size 6041uym 1148 pum 2931 um 15.44 ym
Standard 33.83 84.67 22.55 4818
deviation

zerg AH3te] Qe ¥l 275 FAsle] v, 7
23t} Elzone particle size analyzerol] 2]al %= &h
A= Fig 13} 22on e BT Z goksl Ax= Table
3o vrelfigict Pin mill®] 75 Sieve shakerdl| ¢]s)
Ae A=A 4wl 60~80 meshr}t 1.38%, 80~ 100
mesh 14%, 100~120 mesh 1.96%, 120~ 140 mesh7}
439%= 77+ vehl o] Sieve shakere} wWe o) s
HojFglom 1 o]22] glaAR-¥ % Sieve shaker Z
He} Ape]E vhebl ot 7b why T3] 200~ 270 mesh
Alol7} 744 2o E¥ v & wojF9rt Elzone particle
size analyzer®] Wl o 2 ) 140*] 23t Hg=a7E &HH

gled=d Pin mill2 6041 um%E vty o, median
sizex= 63.76 um, mode sizet= 73.93 um=z F A=}

FHA: Pin mille] 735 338322 b}
Collmd mill2 Axg 271F9 2§ Pin mills} o}

Table 4. Data of rice flours for Image analyzer

Mill Attribute
1
Area(um®) Fractorea(%) Peround H.diameter

Pin Min. 4733 0.01 0.62 7.76
Max. 18281 005 0.89 15.26
Mean 88.11 0.02 0.81 10.30
SD 43.64 0.01 0.06 248

Colloid Min. 6247 0.01 0.54 9.42
Max. 25794 0.06 0.88 19.84
Mean 125.19 0.04 0.78 12.30
SD 120.18 0.04 0.07 362

Micro Min. 1.94 0.001 0.64 1.57
Max. 11125 0.030 1.08 11.90
Mean 42.26 0.011 0.80 6.63
SD 33.71 0.009 0.10 3.13

Jet Min. 4.18 0.001 0.80 2.30
Max. 8291 0.022 0.95 10.27
Mean 32.74 0.009 0.86 6.21
SD 17.86 0.005 0.04 1.78

Table S. Effect of milling methods on color values of
rice flours

Color values*

Mesh

L a b HUE SI
Pin Miil 87.0 —2.7 35 52.35 442
Colloid Mill 86.4 —-2.7 36 5313 450
Micro Mill 87.8 —-2.7 32 49.84 4.19
Jet Mill 89.0 004 33 89.30 3.30

*Means of 5 replications
HUE =tan" !(b/a)
SI=(a>+h%1/2

24 40 mesh¥ 500 mesh7}#] &% % %S Table
SOHH o} 4= <9lgirh. 60 mesh*-El 270 mesh7AA] 10%
oA 25% Atele] 7ZHzte] BEXLE HAFglow, Yot
#17]7} 114.8 um, median size7} 110.2 um, mode size7}
8702 ymZ 4 #te] WAt M L e e
Qn EEUAE 84672 X L7 QS-S o & Jddh
Z Elzone particle size analyzer “H-2 Sieve shaker
u ab B)sle] Ao 23k Afol= )2} 140 mesh
o A 200 mesh7} 71 ¥& BEIEE BTt

Micro mill2] 7-¢ 140 mesh ©|3}2] 7& 7= %)
¢otom 500 mesh ©}4+e] 4la}7) 41.62%= iAk7} 2t
2 o] F& Ex&s BolFglr) Median size7} 314
um, mode size7} 39.68 ymZ B wH = {lAbEIS
7hion REAE 22558 Hxw el 7tAel wlmA
HE&s o 7 el

Jet mill®] 7§ 500 mesh o]4+¢8] <i#x=7|E 713
M7pErE 98.38% .2 HN-g AAE5L Ale me-
1642 ym, mode size7} 17.73 ym2. 4742}
_E’_‘H_OJI] xFEA
HE5E BoFg

dian sizet
e FFel A 71 zhe A== &
A5 48182 §lxtzL7|9] atelv) Al
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(A) ®

Fig. 2. Microstructure of rice flour, prepared in a Pin
mill(A) and a Colloid mili(B): Image analyzer(625X)

(A) (B)

Fig. 5 . Scanning Electron Micrographs(SEM) of rice
flours, prepared in a Micro mill(A) and a Jet mill(B)
(1000X)

(A) (B)

Fig. 3. Microstructure of rice flour, prepared in a Mi-
cro mill(A) and a Jet mill(B): Image Analyzer(625X)

(A) (B)
Fig. 4. Scanning Electron Micrographs(SEM) of rice
flours, prepared in a Pin mill(A) and a Colloid mill(B)
(1000X)

Foubg vlagk Aa) gledire] Al et
urf« AshE RolFglon] o]is wrkT2] qlahsb vl Ag
$- Sieve shaker®] Wi Mz 248 ddoA %F
z{],q abo % 51a)r] Haliz 7] 97} ubaa)v) uﬂ“o]L}u,
Table 45 7+ AEapyde A xg 27h29] 3

(&) (B)

Fig. 6. Scanning FElectron Micrographs(SEM) of rice
flours, prepared in a Pin mill(A) and a Colloid mill(B)
(1000X)

(A) (B)

Fig. 7 . Scanning Electron Micrographs(SEM) of rice
flours, prepared in a Micro mill(A) and a Jet mill(B)
(1000X)
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500 mesh ©o|Ate]l 41.62%= 714 wWokw 140~500
meshe] 2% E wolFqlv) Jet mill& 500 mesh ©]
Ao 22 {2217} b el sledch ] A gl
A= Lgka} aghe] Zo1ebsdch 47hF e AgAE
AnE A FAAEE Fed e dgAEg R
FAF 9 AR ey 2AAE FAEAS
A2} F 213w 22 Elzone particle size analyzer Hb¥ 3}
e AAREEE velligdy ARyl ahet e

#Atel 2

2 AFE AIEA BHAT ARl ATl
ol ool aysielen, ofol A=Y,

= #

1 FHFAAY D SET AT, T, FH4 (1991)

2. TA|ENLA TR, o] fAFAE | ArhE & F
2e A% Abstd 93 kg, (1992)

3. Halick, J.V. and Kelly, V.]J.: Gelatinization and pasting
characteristics of rice varieties as related to cooking
behavior. Cereal Chem. 36, 91(1959)

4. Juliano, B.O. and Sakurai, J.: Miscellaneous rice pro-
ducts. In Rice Chemistry and Technology. 2nd Ed.,
American Association of Cereal Chemists, St. Paul
MN. p.569(1985)

5. 2hg-2, M3, P, AlEE AEE ok
olsteta] £A. F21EF)ehs) =], 20, 504(1988)

6. Nishita, K.D. and Bean, M\M.: Grinding methods-
Their impact on rice flour properties. Cereal Chem.,
59, 46(1982)

7. Bean, M.M.: Rice flour-its funtional variations. Cereal
Food World., 31, 479(1986)

3. Evers, AD. and Stevens, D.J.: Starch damage. In Ce-
real Science and Technology. American Association
of Cereal Chemists, St. Paul, MN. 7,335(1986)

9. Luh, BS. and Liy, Y.: Rice flours in baking. In Rice
Utilization. 2nd Ed., Van Nostrand Reinhold, New
York. p9(1991)

10. Cagampang, G.B., Perez, CM. and Juliano, B.O.: A
gel consistency test for eating quality of rice. J Sci.
Food Agric, 24, 1589(1973)

11. Mendes, F.P., Brilhante, S., Suzuki, H., Tada, M. and
Webb, B.D.: Cooperative test on amylograph of milled
rice flour pasting viscosity and starch gelatinization
temperature. Starch, 37, 40(1985)

12. Yamazaki, K., Nakazato, T. and Kosegawa, T.: Cooking
quality of rice flour II, Experiment on butter cakes.
Nihon Shokuhin Kogyo Gakkai-Shi, 18, 512(1971)

13. Bean, M.M., Elliston-Hoops, E.A. and Wishita, K.D.:
Rice flour treatment for cake baking applications. Ce-
real Chem. 60, 445(1983)

4. FRE B, €0 Bz, H 806 | EISHISERE 3. AL
BRBEE. polant Y, Er, O p47(1983)
15. Bean, M.M. and Nishita, K.D.: Rice flours for Baking.
In Rice Chemistry and Technology. 2nd Ed., American
Association of Cereal Chemists, St. Paul, MN. p.539

(1985)

16. Tomita, F., Shirai, Y. and Tsuji, S.: Presentation at
6th 1JCAZ Toyko. p.884(1979)

17. Arisaka, M., Nakamura, K. and Yoshii, Y.: Properties
of rice flour prepared by different milling methods.
Denpun Kagaku. 39, 155(1992)

(1993w 84 11d AH)



