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Abstract

Glutinous rice was microparticulated and air-classified at different air classifying wheel speeds
(ACWS) of 20,000 rpm and 15,000 rpm in a Turboplex classifier. The starch was concentrated to
a coarse fraction and the protein was shifted to a fine fraction. The degree of starch damage of
the coarse fraction was comparable to that of traditionally soaked glutinous rice. Yoogwa(Korean crac-
ker) made from the fractions of ACWS 15,000~20,000 rpm and below ACWS 15,000 rpm was very
comparable to that made by the traditional method in degree of puffing, hardness and internal struc-
ture. It was also confirmed by the sensory evaluation, indicating that the microparticulation/air classifi-
cation technology could be applied to produce raw material of Yoogwa. The developed noble process
could exclude the long soaking step in the traditional Yoogwa process and reduce the process time

remarkably.

Key words: microparticulation/air classification, glutinous rice, Yoogwa

wae
g,
e
A% AHgsm glom, ot

Zefv} §3h A 2E Al

SEEE
94 shiyal
) o4

iR

J\M 3 0}1‘ z}iﬁ}ﬂ 1 F—ﬂ
AL A ibell ojelFo] ale] it kel Aol A
2 Yabstel 2t AAelet. Fate] HEgHa
Azge w4, 4 Sk ik kel A Ax

CEEE R R

=

w
I =

.

=dl A ic’“

7]

17

wo o 2 o g HE
TR )

vJM e ol

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

1008

=) 3
bl

oot ol 2@ A f3ede
fobdl 2 o) weske A ahule)

R o o il
= 9l 7o)
JRESEE. ]
a

.

< ke

=1
=

17t
o},

v

FrabAlF Akl 71E 5 dE
A o)ef t;l AL Hofol| 4] 7}l
el A 712 Eel Ml g £

shod 4|
e ela FHo 5 Wyl
z

i
5L
=

]

=2
&

%‘LL’- i
7 215}44 I”)A

£t S mulddsis & 52 (ACWS)
of b glRatel 35a ofe 3 g
SRR AH HFT mwdel olshebd 43
YaRste] Axd fae FAE vuToRy
SRR AT SAAETY BASEE AN
a7k e H gl

R
w4

A=
1=

o]r—'p

Mz W
NZ

(A A e 1992350 A7 ol 4] A<kl 3}
of 10852 E43 2L Az 83tk

A



oA Frge) 5493 f3 2 1009

ZOMEN A SIS

Roller crusher(% 3 7)1 4% o] &3}o] #4424 1~2mm
A7 % ZF 82 Circoplex impact mill(Model 50-ZPS,
Alpine Aktiengesellschaft, Augsburg, Germany)2 o] &
3ol beater speed 20,000 rpm, cut-off wheel speed
7500 rpmo. 2 Zv] A 2% o}S air classifying wheel
speed(ACWS) 15,000 rpm % 20,000 rpmoll 4] 27|23
stk

LUHEE 2 Mo|MR B4
HHE HAe ACACHPYWo iz} FE& 105C
=9, o942 micro-Kjeldahl®], Z=]4}-& soxh-
lety], 23]%o 550C slayon HAslegds nE =
AL 23 HbE-sled Fgho R stk 239 7 AR
|4 -(TDF; total dietary fiber)¥-4].& Prosky S(?
o} Wjo 2 Sigma total dietary fiber assay kit(TDF-
100y& *H-&-3te] EMstgion, RIS 100614 =
WA, A, 3P L Ao Ad{E Aste] ;A glew

7t B89 HBEEATEE AACC HPHWof ]sle] t}
$3 o] BAjsleich AR 198 200 ml A 4-Eep Ao
Y31, a-amylase(Sigma Co., 110 unit/mg) &9 45m/&
A7kt frelgez A EHR o, 30C #2744
AgaA 1587 A et} o] Lol 368N 4l 3
m/®} sodium tungstate €< 2 miE H7}stw 287 A
#]]# Whatman No.4 oj3}z|2 ofzlajelct. olw %
7lel AAa}Ees 8~108-2 A AT, o smiE 3
Alg el €& % 01N alkaline ferricyanide £9%%&
A7tstel Y FA) B d2gzd M) 2083
WA T WA A FEE B2 WA A 100 m
AeEetazd da, Agded d& §4e 25m
acetic acid 8- o7 A 3le] oro] Sz E3hgt o,
50% KI4< 1mlE #H7}sta, 01N thiosulfate® =3
o] HEEARE ghabsladrt

% FH-£44E=(0.082)X(mg maltose/10 g sample)

M=

2 AR Y 3R 4 FE nlAtze
Laser scanning confocal imaging system(MRC-600, Bio-
Rad Microscience Division, Cambridge, MA, USA)&
AHgste) Faksheic

A2y

7+ ®-39 gix 4L high resolution particle size
analyzer(API Aerosizer, Amherst Process Instruments
Inc. US.A)E AH4-3l9dc). o]u] &A1 278 nozzle type;
200 pm, disperse type; pulse jet, disperser flow pres-

sure; 50.0, pulse increment; 0.5, minimum count rate;
4,000, maximum count rate; 10,0002.2 &}oiy, #4.2
plot scale; linear, distribution type; number, diameter
type; geometric, plot mode; histogram, smoothing le-
vel; fine, normalization; individuale| 4] A A3t}

FrH|Z=

dAeke] Fdfade FEEF 40%7)F HEB 7hest
A A 27 (A1 2HEE o], SCM-3607, AldAkshE
15577 S3HA171 &, 1087 w9} =] 7| 8ksic). #he) 2] 7] 7}
gtaE FAES 2mme) SAV) HEE Y o2 o
A7 20X20 mm= APE oS, 5009 dEA
Z7)e ARG 20%7}F HEE ARAFIAL ARl A
15417 A4 A3ch Az 9 SA4do) gud fa4 A
A& 110Ce] Z718E 4 r3HolA 20~3027 14 §
7% ohS 180Tel| A 4~5x7F 23 EH7sled s
A =5 e},

S4EH

fatel Asge Az Fo A5 H " A7
a2 oo Aidstkaich #32] E4-S Texture Ana-
lyzer(Model TA XT-2, Stable Micro Systems, Ltd. Eng-
land)E AH-2-3}e] penetration testE ajateirt. oju &
A 271& probe; ¢ 2mm, graph type; force vs time,
force threshold; 5g, distance threshold; 0.50 mm, force
scaling; 500g, head speed; 0.3 mm/so| it}
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712 (D k3] Gch, (3): viwc, (5): Hgelch
M: Foh, O A Fo 2 e, A

A oo
Ao Y oy

ASINE U MO[¥R

Zu|AEATE FaRdst o} 5 ACWS(EFEEE)
e} Bgg 7k 3o oJdutdEs) Aol A% A
o} Table 1a} 2o} ¢ #u} 2 &% T2 &
ACWSe A 3% vjE-3(fine fraction)o ] ko] &
3, AEARLe e ACWSHA 34EE 23 3(coarse
fraction)ol)| 4 §Heke) Egke) =3 ACWS 20,000 rpmol)
A EaR n| R Eelle A, Awryeke] 17 11.26%
Y 203% 2 FF3HA L FHEo 20 AR Fof o] F
AEo] 5" o 5 Ak whdo) A o)A { ¥k
ACWS 15,000 rpm ©]3}¢] £8¢] %7}t A vehgon
1 o)A oM zel7) gk webd Zv|AlE
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Table 1. Composition of microparticulated and air-
classified glutinous rice fractions (% d.b.)

Starch Protein Fat Ash Fiber"

Fraction

Microparticulated 8940 596 097 038 329
ACWS? over 20,000 8262 1126 203 151 258
ACWS 15,000-20,000 8881 6.75 101 0.77 266
ACWS under 15000 8956 537 096 023 388

UTotal dietary fiber
PAir classifying wheel speed(rpm)

Table 2. Yield, starch damage and particle size of con-
ventional, microparticulated and air-classified glutinous
rice fractions

. Damaged Particle Size{(um) Yield
Fraction Starch ——m—————
(%) Mean SbY (%)

Conventional 34.79 - - -
Microparticulated 47.06 21.86 1.33 -
ACWS? over 20,000 60.84 7.50 146 307
ACWS 15,000-20,000 53.13 11.24 124 160
ACWS under 15,000 36.81 23.13 1.27 533

UStandard deviation
DAir classifying wheel speed(rpm)

Zu| A4 Fas) Zd%a ol whlo 2 ANz Fut
5 34 A4EE wagk Ayl Table 29}
7o), ARLA) E% ACWS 15000 rpm-2e] 73 A
54 sk fabad Axl Lhejof }
o] )52 743 o 1 FrapA 2ol H A 5
o] Foix = Ao el zulA¥4gt %M‘f ko
Y=L 3 21.86 ume)gl.2m) ACWS 20,000 rpm¥-3]-2
750 pmol g3, ACWS7E ZrAadhsE glev) %7 P?‘SH
ACWS 15,000 rpm ©}&}2] H-2lof|x13= 2313 ym 2 Z7}
stk Fig 12 20| A8 shadao) v 22 9
W= ebgae] AEelxiel R vl At 4lofgl
Hdow ACWS7} wrolal 2 gluy} Zrlslgich

ACWSH 2 F718Fol 9sle] 3| 5EE #39 7%
2 53%7} ACWS 15000 rpm o|&}e] H3o g sj4E
gdem, ACWS 20,000 rpm o]+ 3|45 E #Ie
30.7%91%1 3 ACWS 15,000~ 20,000 rpmel} 3= 16.0% =
R1205 =

—
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Fig. 1. Microstructure of microparticulated and air-
classified glutinous rice fractions at different ASWS
A: microparticulated, B: ACWS over 20,000 rpm. C:
ACWS 15,000-20,000 rpm, D: ACWS under 15.000 rpm

Fig. 29} b zulAla 28A)3 52 ACWSel| 4
syl RABon AxE Rk dEAcl ier
N2 fol wste] AT} Fatdgid 2o 4
gk eyl gojg o), v ACWSe+] 3% &
o] A(C D)= o SEEA el

Table 39- dEHgl Wz ZolAd/37] l

ogke] Al mgt PR A xgk fake} AsES
JLé} Aufolr). HEAl by ow A xdt frabe= JEFP
%ol 256301205, ACWS 15,000~ 20,000 rpm¥-2) o 2
W28 frabs 27548 A9 vlgk AEkE ehig e
Aub gl s R-gheke] £ ¥l ACWS
20,000 rpm o}ie] FEo g axdt Fapiz A3Hol
3.85% vlelu} ssly) #a)s] Eabslgich o3 430
ghefo] FolstrE dslgol FobA|AL R
qgshl freshy Asge w4 vk AL 9
vgch §-7hel A dEHQ wo R Al 2d F319
7% 0.119 kgl v ®]sked ACWS 15,000~20,000 rpm+-
,]J’} ACWS 15,000 rpm o]3}9] -3 0.087 =l 0.097
kg vl dgAel pyEoh Yol e w2x1S 34
slgdch Probe?} #3+5& EF#3li=dl ZHelir mean fo-
reeoll glolHie HEAA Abel e S Hel A
Aol wivel ofste] Az 3}k ACWS 20,000 rpm
vjgbel B3 gbel]  folabvl gliz Aew viehwdth
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Fig. 2. Yoogwa made of microparticulated, air-classified
and conventional glutinous rice fractions(The low part
is eross-sectional view)

A: microparticulated, B: ACWS over 20,000 rpm, C:
ACWS 15,000-20,000 rpm, D: ACWS under 15,000 rpm,
E: conventional
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Table 3. Physical properties” of Yoogwa made of con-
ventional, microparticulated and air-classified glutinous
rice fractions

Expan- Hard- Mean No.
Fraction sion ness force of

ratio (kgo) (kg)  peaks
Conventional 2563  0.119° 0033 546
Microparticulated 15.18° 0.443* 0330 6.2°
ACWS? over 20,000  3.85¢ 0534 0278 10.2°
ACWS 15,000-20,000 27.54™ 0.087° 0.042° 49.2°
ACWS under 15,000 36.64° 0.097°  0.042° 45.8°

"Values followed by same letters in same column are
not significantly different (p<0.05)
DAir classifying wheel speed(rpm)

Table 4. Sensory characteristics” of Yoogwa made of
conventional, microparticulated and air-classified gluti-
nous rice fractions

Fraction Appearance Texture Acceptability
Conventional 6.6° 6.6 6.6
Microparticulated 4.1° 3.8 3.8
ACWS? over 20,000 2.3 2.7 2.7
ACWS 15,000-20,000 6.5* 5.9 59
ACWS under 15,000 6.0 5.0 5.0

U1: extremely bad, 3: bad, 5: neither bad nor good, 7:
good, 9: extremely good.

Values followed by same letters in same column are not
significantly different (p<0.05)

DAir classifying wheel speed(rpm)
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