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Microparticulation/Air Classification of Rice Bran:
Characteristics and Application

Dong-June Park, Kyung-Hyung Ku and Chulkyoon Mok

Korea Food Research Institute

Abstract

Defatted rice bran was microparticulated using fluidized bed opposed jet mill and air-classified at
different air classifying wheel speed (ACWS) in Turboplex classifier. The median particle size and
the standard deviation decreased, and concomitantly the specific surface area increased generally with
increasing ACWS. The protein, fat and ash contents of the recovered rice bran increased with ACWS.

The contents of minerals; magnesium, zinc,

iron and manganese; increased positively with ACWS.

The phytic acid content, however, was slightly higher at middle ACWS. The dietary fiber content

was highest in the ACWS 15,000 rpm fraction showing 31.47%.

Higher ACWS resulted in lighter

colored powder. The water holding capacity (WHC) showed the maximum value at ACWS 12,000
rpm and decreased with increasing ACWS, while the oil holding capacity (OHC) increased with ACWS.
The rheological property of the microparticulated rice bran/water suspension fitted to the linear model.
The yield stress and viscosity of the suspension increased with ACWS. The shape of microparticulated
rice bran at ACWS 21,000 rpm was spherical, and the median particle size was 3.7 um. When cake
was prepared with substitution of microparticulated rice bran at 5%, the cake height and volume

increased remarkably.

Key words: microparticulation/air classification, rice bran

M B

o] =X pEh: wizke] ks
@b o] F 30% A ko] w]7hf Ay sboll AR
U z] 70%E Abgvl e t‘ ZMil
]7],0 ok 3057( o]A]—o Mo]H
A3} 10~15% % MIHM
o sg%oﬂ ws},

A% 2k

w17k 385,000

Al

[

i owt

1o ol
Hol 417}

i

]a% 7.“
%GMW 1
I s
whd *7}6}04 199
000‘421

%,1 o]

A
T

Corresponding author: Dong-June Park, Korea Food Re-
search Institute, San 46-1, Baekhyun-dong, Boondang-gu,
Seongnam, 463-420, Republic of Korea

769

Wb by dro) e,
SRR B I S JES L

AL
AU] H]

L][_I.H

1
ol

F
]

R e I
ohulel, g xk7}
=AY Ho]dl
s gstel Ahgst
AR "‘r’_
Aol ofsto]
el s
wesel s ol gsiol wma,
S5 delel 8 pY S glons
A flgel o 85T aleh
oodatss el A w7k A ARA] Nk E

o 1T
ol AAsto] A e
H

11
w
7

olo
T

ol
AA
o

1

Qlzp=17) 5 Pz)ﬂ IS Zﬂ_‘r_
or} #}2] ball bearing
D aleh, sl
o) x}_ =7 7] U_‘

A]o]/\l o

o e
HATT

A
u s
ERIRE
2pz17)

ok
sl &)

vl
ER

1]':0, /]"‘H/,
e}

] Lr §], Asl—o '{xq
e shylsln mulA

w A sha s ol ofe,

1}—[_ o



770 A Fahets]x) Al 25 W A 62 (1993)

Az oW

M2

ke @ElRE AFAA Fe AuE (P
KA, AWA Telste] 18T AN YEART
& ARE AHgasch

» o

Zo|ME H 7128 =

Roller crusherE o]-43}e] A1 85 27 1 mm W
2843 b, Fluidized bed opposed jet mill(Model
100 AFG, Alpine Aktien-gesellschaft, Augsburg, Ger-
many)< o]-&3le] 23l om olu classifying wheel
speed= 7,500 rpm o2 1A 3T o] & air classifica-
tion system(Turboplex Classifier, Model 50 ATP, Al-
pine Aktiengesellschaft, Augsburg, Germany)$ A}-4-3}
o} air classifying wheel speed(ACWS)E 21,000 rpm¥-
E] 9,000 rpm7}A} 3,000 rpm ZHA 02 Folm| F-Fated
A8E FFsldch

e 24

Zu| B ste] Z718FE 0|72 YriA2 Laser
Particle Sizer(Analysette 22, Fritsch GmbH, Idar-Ober-
stein, Germany)& #A EAMslgdeon *4He 9% &
v &= isopropyl alcohol(ld, AAg<ehH& AMgstelch &
Mg Age Sugd s Flsheod iteration 3

563] o} 3 rt.
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2EE v Age T 3 uvjAFEE Laser
scanning confocal imaging system(MRC-600, Bio-Rad
Microscience Division, Cambridge, MA, US.A)S AH&
sto] @BAslgich A 8= 4222 isopropyl alcoholel]
2217 slide glassoll A3 kg cover glass® Wil
An) el Aatsto] 25~50M &2 7 AsdEh
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dahi®, =242 Soxhlet
Ay, BE S 2~33 whEdle] JiEgos
Batn 3] Egd v)te £E
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led Plasma Atomic Emission Spectrophotometer(Jobin
Yvon JY38 Plus, ISA Instruments S.A., Longjumeau,
France)& AH&3lo] HEAMahlc) de] AL AR 10
g2 100 m/ Kjeldahl flaskol ¥3 A& ks 10w/
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BE3g 7 2|29 Ao]H{TDF, total dietary fiber)
Ba3e Prosky 59 w922 Sigma total dietary fi-
ber assay kitE *}&3led ZA 3ol

Phytate X2t

Phytate 2k Wheeler 52 uh®ol| u}gh o sta-
ndard 2 A& phytate(P-5756)& Sigma Co.(St. Louis,
Mo, US.A)A 33ttt

M "B (WHC, water holding capacity) % 273
{OHC, oil holding capacity) &5

raxy 7+ X182 Mx+= Color and color difference
meter(Yasuda Seiki Seisa Kusho, LTD., UC 600-4)%
L, a b & Ak

7} A) 8.9 WHCE Mongeau®} Brassard®’2] why-g
ok7t w8 sted ZAskgdct 28 E 1gol ke Al BE
0.1 mg7t=] Rt} do} wje] FA4E A 30 m/ centrifuge
tubeo] W1 ZH5E 20ml Hrletn feldeE A
2o & 37C water batho] A 14|7F E<b 2 &sisic)
o] detel-g $AlE-g]7|(Sorvall RC-5B, SS-34 rotor)=
11,000 rpm(14,460 X g)ol| 4] 1412k 53t LA4l#2)3te] 15
27t drand ¥ FAE 248tk OHCE WHC A
gn} Tl o Fubfakelsd P A8 20
miE Yol dgalg w53 11,000 rpm(SS-34 rotor,
14,460 X g)oll 4 12124 F-F
tubeZ 1587} draind} o5
@9 g7 BAeo R Atst
gh-shelch -

AF2jg F centrifuge
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BT &%

[ =3
3 7t 28S 5% 10% ¥ 15% FEoE
=25 HARAA BAEY HxE FEA(Rotovisco
RV 20, Haake, Karlsruhe, Germany)oll NV sensor sys-
tem 2bste] 20T oA A A AdEEs 0~
20005 ! Abolo A 1327 A o2 Friazen o]
2 Ageye st 2 S {55 I
near model®} Herschel-Bulkley model& o]&3te] &
Azled o] HxEAH 4K, consistency index, Pa-sm9}
%74 2n, flow behavior index) ¥ &5 (v, yield
stress, Pa)}e Haake Software Support Version 1.2&
A}g-3le] Al Absbsdct
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n: A=(Pa-s)
53
K. Azxzx2(Pa-s")
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Zo| A EA g v 2FA w2 (R4
holl Fekr] 5% FEo® 7R o & T
A el(A L £=25: 75)¥} 4 WL % M ¥l(mu-
ffin) %8 Soll 30g4 Heksho] wrir 180C 2 ]oﬂs}
Ao Boll 4 2027 - ohs ”o"gﬁPOfi Ao) =
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Fluidized bed opposed jet mill-g& o] &&lo] Zw]4l%
s13F % Turboplex classifiers air classifying wheel
speed(ACWS) 21,000~9,000 rpm *H il 4 3,000 rpm
Ao g F-F3t u]7ke) FEH g P ni A A
Table 17 2t} ACWS 21,000 rpm 52 2] mediang}t-&
366 um, E£Z5 = 3.00 ume)lth. ACWS7h sro} el
upe}l 34l zie) Avleh EEg R Frishal ghel
Hajgk A dAXE] gFaEieleh e 12,000
rpm2] A% 30.9%% 7HAF =3kar 18,000, 9,000, 15,000,
21,000 rpm #o2 Fhastgdch aubd o ol7ke] &

H EFXIE”jI-o' ‘-_—ﬂﬁllg 2 O OIEE_A{

ol A Eqi qlxbe <lxsd = gliz jiAbe) A sl
15um AER odedx b wjebd median 3 &
FH 2] 3ol 15um olskel ACWS 15000 rpm °) 4

A4 F g Hbe- glakell A FrAlR QlAEE olv]
Elas s

Fig 12 &3 ubo] ACWSH uld|-Ezolch
ACWS7}‘ ‘l»’,:j% —E—E!Q] °H] /(}U 0\.9 '1]”6(;‘0],”‘5}1_ OL}E;'S'
ol =g £ gle WSACWS 15000 rpm °)4h
o) 4+ ball bearings} 3He °ighg & 4 glonE F

Table 1. Particle size, specific surface area and yield
of air-classified rice bran fractions

Particle size Specific
ACWS* ——— —  surface Yield
Median SD** area
(rpm) (um) (pm) (m /u) (%)
21,000 3.66 3.00 2.1162 995
18,000 4.89 367 1.7302 24.62
15,000 8.60 549 1.1947 11.65
12,000 12.60 7.83 0.8493 30.92
9,000 14.77 11.86 0.7621 22.86

*Air classifying wheel speed
**Standard deviation
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ZuldlE4ste] F7|EFS £8e] FE, oA A
A]Hl—zsl»ak ,HM 7 #}2= Table 291r L §Hi_9] 751_?414
ACWS 21,000 rpm ‘11’/} 18,000 rpm —?51/] ghefo
o] 1532%o)9=d], o)+ phytic acid¢}t o] & FA
sh= P7l o] REolA] we] 3E9l7] ujF(Table 3)
oel ALEE™, 9,000 rpmE-& 9 gheke] A v 1042
%3t &# whw A geke 21,000 rpm 3o} 19.75% 2
7F Eor s ACWS7E 8 & dolx)is 4 3ks 3o
ACWS 9,000 rpm %3 16.07%2 425 Jepillgd
c}. gl o] A2 protein body £+ wedge proteing]
el 3Foll EAiste of & Aol Wi siAbr) Am
7he - gloleld fine fractiono 2 3| %Icf ® K
Aol HE ACWS7E £ 234 s ghago) &
sbated wlzpd wbAle oh 2 ARl ulated st

~—: 50 um
Fig. 1. Microstructure of microparticulated rice bran

air-classified at different ACWS (a : 21,000, b :
¢: 15,000, d : 12,000, e : 9,000 rpm)

18,000,

Table 2. Chemical compositions of air-classified rice

bran fractions (unit : d.b. %)
N *
ACWS Ash Protein Fat  Dietary fiber
(rpm)
21,000 12.74 19.75 3.07 28.73
18,000 15.32 18.31 2.61 28.07
15.000 13.82 17.44 2.39 34.36
12,000 11.81 16.99 2.30 27.70
9,000 10.42 16.07 2.29 29.15

*Air classifying wheel speed

Table 3. Mineral and phytic acid contents of air-classi-
fied rice bran fractions

ACWS* Phytic acid

(rpm) Mg Zn Fe Mn \}T (%)

21,000 7.2 74 139
18,000 6.2 62 127 208
15,000 5.1 52 108 164
12,000 5.7 57 104 181
9,000 4.7 50 100 136

*Air classifying wheel speed

Mineral(ppm)

3016.1 0.439
2456.8 0.450
2251.0 0.429
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kA ACWSol| ub2 £-2 5712 o phytic acid &2F
(Table 3)2 ACWS7} &7}gtel| whe} Mg, Zn, Fe, Mn&-
Z7bshe S Belon) Py ACWS 18,000 rpmel] £
3526 ppm o 7MY F& ghE mgler] ACWS 18,000
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Table 4. Color, water holding capacity(WHC) and oil
holding capacity(OHC) of microparticulated rice bran
air-classified at different ACWS

g2t 2] 425 W Al 6 5 (1993)

L}uu ,<l r]_ / (sHLgL }‘ol'EH;J
8le 4 ’;’E% TAHE
WAk Patel™ 5o

i Astsl ol

EAshms sh 2 eyl

vehs Ao |
317 (navy bean)el| g F-7]

HaFsh 2vlA] B4 w)zbe] M5(Table 4)= ACWS7})
S92 WA ()7 Zrbsked 21,000 rpm -89 A
91 8352 HulAE wvh w3t A¥s(a)} FaE
(b1 ACWS7E 7hghel ket psshe 49 weple]

4 4 alch ACWS
q()O() rpm %{ 3o 7ge Ho 7e] &
«}6} e goao[q Wl Al 3 4w A el g
s AT R of e e sledu, ACWS7} %
{#;:910] =o wla el ouko 4]
e i) el 0 sl gl ol
(Table D)ol whi= surface effectel] 7]12lat o i

e}

B td o] 2 7}
J]»L}
gk Hiral v 7pEatke] v =#(WHC)-2- ACWS 9,000
rpmel| 4'1 274 g/g solld o]l 12,000 rpmel| 4 2.88 g/g
solid= 2] & F.od o nf o] ACWS7} 571tel e}
thashe Ads dpebgdoh ubdel M fH(OHC)-

ACWS* Color value WHC OHC
(rpm) L a b (g/g S()]id) (g/g solld)
21,000 855 202 11.7 2.29 2.49
18000 825 224 12.0 2.25 2.18
15000 804 222 134 2.69 2.12
12,000 78.9 2.98 14.8 2.88 2.08
9,000 78.8 2.67 14.3 2.74 2.08

*Air classifying wheel speed

ACWSel| upit} k7t Z7lsks 28ES Hof ”lalvl %ol
5 Bfde) *'S""F‘"J% ok 4= gleh o)i= =7t =
FrE ch A gheke] 7Sl (Table 2), whzle] B
fredo] it Ao H]B}"’% =] dfihql Rei gzt
$luk
N

ACWSel| w8 v)7pEabR slo] 5 10, 15% #etolo]
ral o)y frg-EA8 Table Holl 4] M- v}g} 7to] Her-

Table 5. Rheological properties of air-classified rice bran fractions

ACWS*
(rpm)

21,000

18,000

15,000

12,000

9,000

Concentration

(%)

5

10
15
R

10
15
5

10
15
5

10
15
5

10
15

Linear model

71:” (Pa)

0.2151
0.2379
0.5948
0.2490
0.2840
0.2753
0.1968
0.2814
0.2982
0.2712
0.2481
0.2552
0.2290
0.2569
0.2107

n(mPa-s)

1.656
2.591
4.046
1.551
2.175
3.560
1.485
2.233
3.302
1465
2.092
2925
1.454
2.075

2.979

1”)**
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

R&"A -5

0.0144
0.0163
0.0271
0.1719
0.0149
0.0165
0.0165
0.0171
0.0200
0.0158
0.0163
0.0189
0.0169
0.0163
0.0164

Herschel- Bulklu modd

0.7023
0.7452

0.7428
0.6687
0.7379
0.7884
0.6655
0.7207
0.7508
0.6754
0.7170
0.7406
0.6615
0.7166
0.7618

T, (I d)

0.0607
0.0544
0.1533
0.0834
0.0722
0.0522
0.0670
0.0751
(.0695
0.0900
0.0675
0.0598
0.0787
0.0709
0.0460

0.96

0.97
0.99
0.96
0.98
0.99
0.95
0.97
0.97
0.97
0.97
0.97
0.95
0.98
0.98

*Air classifying wheel speed
**Coefficient of determination
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Fig. 2. Shear rate vs. shear stress plot of microparticu-
lated rice bran air-classified at ACWS 21,000 rpm co-~
mpared with wheat flour

Table 6. Effect of rice bran on baking properties of
cake

ACWS* Height Volume Sp.vol.

Sample Sp.vol.
(rpm)  (cm) (cc) (cc/g)  change(%)
Control 2.06 37.26 1.61 0.00
Rice bran 21,000 2.10 36.41 1.69 497
5% added 18,000 2.31 38.61 1.75 8.70
15,000 191 37.29 1.70 5.59
12,000 2.01 39.34 1.67 3.76
9,000 2.14 37.18 1.65 2.48

*Air classifying wheel speed

schel-Bulkley model ¥t}
fElglon, i—‘n’}
Az=stedn), = Bingham
body®] 5545 vtebliedel ghf ACWS7E 573t
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shear rate vs. shear stress curves:
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Fig. 3. Cross-sectional view of chocolate cake baked
with 5% microparticulated rice bran air-classified at dif-
ferent ACWS
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