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Abstract

The milling characteristics of rice using different milling methods (dry and wet) were investigated. Generally, aver-
age particle sizes of dry-milling flours were bigger than those of wet-milling flours due to low moisture content.
Three theoretical models for milling, such as the Rittinger, Kick, and Bond model, were applied to characterize the
milling process of rice. The wet-milling method showed higher value milling constants including Bond’s work
index. Baeksulgi was used to study the effect of the milling method and particle size on rice flour’s physicochemical
property (water content, color value, and texture). Moisture content and hardness of Baeksulgi were smaller as the
particle size became smaller. L value of Baeksulgi was greater as the particle size became smaller. The energy
requirement for the milling of grains to obtain a suitable size of particles was estimated by the grinding models.
The results of our study might provide a systematic way to estimate the energy requirement to obtain a suitable

particle size by milling.

Key words: dry-milling, milling characteristics, particle size, rice flour, wet-milling

M

rh

me AN N FLT HF 2B F st Sl
Uehe M2 opalel Aol n Fa oz o] gHe] gtk

BE o R &M EI QAW A folAE
2] AES o] ARe AES] BYOR 28] AR
o] ZA FSAL Utk AAFE F4, o Ak A
29, Wol7 TFeTE WA e W vl Fo)o, AlRa
e we FRe) AF % UAES Adeke U A

I} ZFE

*Corresponding author: Won Byong Yoon, Department of Food Sci-
ence and Biotechnology College of Agriculture and Life Sciences,
Kangwon National University, Kangwondaehak-gil, Chuncheon-si,
Gangwon-do, 200-701, Republic of Korea

Tel: +82-33-250-6459; Fax: +82-33-250-5565

E-mail: wbyoon@kangwon.ac.kr

Received September 16, 2014; revised October 20, 2014; accepted
October 21, 2014

(Bao & Bergman, 2004). S| 7kA] H i A7} 33
AFA & 7hy AFY] FHAe AR BHER, S 8
o] FAZE, AVVE A 271, B E24719]
ol 9d YFS w= Ao= HiHo JTHKim &
Bang, 1996; Kum & Lee, 1999; Chiang & Yeh, 2002).
EH= AE AGeA g o]l &E= @9 2ol i
W Sl = A EEE AP E fg dubEQl et
(Indira & Bhattacharya, 2006). -2+ lUA] FeFH A ¥
ol7] wiol AFH Al Sl e -85 A8
7] 918t BRE st YA A71E 7R B ES A=
aFHE B U E wt=A] oo & golo|t}
Foxl A7]e] A FAH Hask HAg ouAE 4
A 0}*‘ A Oﬁ'i] A gt Rittinger, Kick, Bond9] 23} 7+
2 7 58S olslsh= Aol 7hssith
OIEW 733”4 Ol%—% 3 - Al 8FEE dUAE A

ol
—_—



)
o,
B
N,
Q

- 0—§ Zé‘:g

Rek7) A% PP ole ATAS o) nusgon
A e AR 9t Walde et al., 2002; Djantou et

al., 2007; Sharma et al., 2008; Lee et al., 2013).
@7}34 ]zuktgoﬂ_}_; 7]&%0; 7-])\1_,,]_ oW
&4 B Ates

\R=IPA

'{L—

3 T

W 53, 2ol 271, WEEY, Az,
& o

S
o o
),
&
01~J
o&i
(2
l:l
o
0
r

b

4

o

[o

£

o

o

|

—_‘_“-'4
B o Hr o é n
Zoode rff @ e X

)
&2
Rl
i=)

SR Ob o i g2 Mo
b
o
Ol
rir
_}L
et

24E We AoRE d#A UTh(Nishita & Bean,
1982, Chen et al., 1999, Solanki et al., 2005; Sharma et
al., 2008).

A ILRe] av] Bl Braa Wbl 24
E4L Avsa w4 P L A% 200 me AR
F4 540 292 BF A7t $EF Agolr. w4
ARk WE HF Y3 2719 avEE B uAE @
7] 93 24 B AEAINE A 3P AHARE A

=
B Ao AMSH 95E 2012 o U S NA A
chEl AR Y o xS o] AdjolA Bskid
o} WA 7] A ZFo] 2221 AF(Sempio Corp, Seoul, Korea)
3} ¥ (Cheil Jedang Corp, Incheon, Korea) *< A%
N A AEFS FYske] AHESFAT

R I
2 wlgE 98 W)
%oﬂ)ﬁ 4X 7} 7L =0t 34
71 % 100 mesh®] ES=| ] A 1A XA A BHe
2718 AASIL °]E 220 W dry grinder(FM-909T, Hanil
electric, Seoul, Korea)E ©|-&3} z} 5, 10, 15, 20, 30,
60, 90, 120% &<+ Efste] AT EHHE ANE=
sieve shaker(CG-211-8, Chunggye, Seoul, Korea)ell 12, 14,
16, 18, 30, 40, 60, 100 mesh E = (1.7, 1.4, 1.18, 1.0,
0.6, 0.425, 0.25, 0.15mm)E AX|3t] 1087+ AL
M, AZ F Z} meshel Holle A7HFE F& FAE
71535tk 112 AVt 4 w4 WA FA F

=

-+

Ea
=]

- -

E - A0 - 29

!

Of
of
]

g AL AQlsta FUT W R Az
7} mesh AollA FH3F Age] AFS T A8 AF

&2 W33 tH(Djantou et al., 2007).

i

L, = X_,¢d; 1)

A7 L, & &3 F &) HAF YA Z71(mm), 4,
mesh ¢ B+ Al 798 Z7|(mm), @ = d, & S
Ape] A7 B8-S E3th(Walde et al., 2002).

Aol 7] A7 50712 & L7o]E vemier calipers
(530-101, Mitutoyo korea, Seoul, Korea)= =743+ & A
e Fatgdom b= +0.02 mmeolTh 7] YA 27
o} & dAF =710l wel o2l 218 o]&-3le Rittinger,
Kick, Bond 7352} Work indexE AlAFs}53 ).

o flr

Rittinger’s law

11
r-kft]] @
Kick’s law
£ = Kun[L] &)
Bond’s law
1 1
E=K,)|—-— 4
== @)
Work index
Wi = 5)
ind 03162

A7IM L, & L, = 27t &) 7] YA 2719 234
T e YA 271E E9h K, K, K, = 727 Bond,
Kick, Rittinger 5=¢|™ E= 2o &¥)€ Y=, w,
= work index®|th. Work index= 100 ume] mesh 37|&
Fdete 22 4A 2718 vHE] S8 Zasth ofjA]e
Foz Zojdrt. oyt e Fld Hadt Ay
[FFES YERT

HHAT| M=

18 mesh & 5751} 30 meshE E3sHA] & 41|
18 mesh, 40 meshS 33l 60 meshES E4314 &
WS 40 mesh, 60 meshs & ¥3F} 100 meshs &

3R] k= B v S 60 mesh, 100 meshES £33+ 230

2 1o} 100 meshe] EEOo 2 &to] w7 A %S 9%

A7FEE o] &stith W] o] Axe 44 B F24 At

Fo 7] FudE g vl&S w57 flaEl o HUHE

°

I}

A rlr it

ﬂll

gaste] thSF 72 e = A4 81 THTable 1).
Aze 2} A7kl 74, 7k
71 & AME9 Eo| Zow Eoﬂ 20 Wk A

ko3
=
gol A BOIA 208, oF BOIA 1087 ST

, 7Fd & 20 mesh



WA R B A 0 mE wle) FEE 3

Table 1. Formulation of ingredients for Baeksulgi samples.

(Unit: g)
Rice flour Water Sugar Salt
Dry 300 150 30 3
Wet 300 75 30 3
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Fig. 1. Average particle size of rice by milling time.
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Table 2. Milling characteristics of rice by milling method.

dry-milling wet-milling

Rittinger’s Constant K (kW h/kg) 0.027%Y 0.041°
& Energy (kW h/kg) 0.127* 0.191°
Kick’s Constant K, 0.028" 0.034"
Energy 0.131* 0.159°

Bond’s Constant K, 0.057¢ 0.077°
Energy 0.268° 0.358"

Bond’s Work index W, , (kW hkg)  0.182° 0.243°
Energy 0.847* 1.132°

UDifferent letter superscripts in each row denotes significant (p <0.05)
differences.
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Fig. 2. Moisture contents of Baeksulgi.
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Table 3. Texture characteristics of Baeksulgi.

Hardness (N) Cohesiveness Gumminess (N) Chewiness (mlJ)
Dry 18 mesh 13.9+£2.29" 0.29+0.02¢ 5.60+0.91° 15.76£3.19¢
40 mesh 19.03+3.26" 0.31£0.03¢ 7.60+1.99" 23.95+8.23%°
60 mesh 17.35+2.00% 0.35+0.04" 7.54+£1.24" 24.53+5.45
100 mesh 15.86+2.97 0.41+0.06 7.48+2.31™ 26.70+8.93%
Wet 18 mesh 23.95+4 47" 0.30+0.03° 8.40+2.27% 30.19+£10.19°
40 mesh 25.69+3.62° 0.30+0.04° 9.07£1.47* 31.28+6.45*
60 mesh 14.73+2.44% 0.39+0.05% 6.49+0.99%* 21.04+3.87%
100 mesh 13.36+4.12% 0.41£0.06* 6.81£2.68%° 23.88+10.97®

DValues are meantSD (n=10).
IDifferent letter superscripts in each column denotes significant (p < 0.05) differences.
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Fig. 4. Spider map of sensory properties of Baeksulgi. (a) dry-milling, (b) wet-milling.
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