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Abstract

Rice flour obtained by four different milling methods, Pin mill, Colloid mill, Micro mill, and Jet
mill, were used to investigate physico-chemical properties and product. Crude fat, ash, and protein
contents of rice flours between different milling methods were similar. Blue value, amylose content,
and damaged starch which related to properties of rice flour were reduced in the order that of jet

mill, Micro mill, Colloid mill, and Pin mill. Water absorption index, water solubility index,

and water

retention capacity increased as damaged starch increased. Hardness of gel(15%) is the highest value
for Pin mill. The finer granules (Jet mill) had lower gelatinization onset(To) and peak(Tp) than any
other rice flours. Those result are simillar with amylogram properties. Enthalpy of gelatinization increa-
sed as damaged starch increased. Jet mill had the highest score (p<0.05) of overall test in sensory

evaluation and good paste properties.
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Table 1. Type of milling methods

Type of Type of

milling miller Operating conditions

Dry milling Micro mill KV-50-6 Yak-Gin Co., Japan
880W X 2400L X 1661H (mm)
Roter:736 ¢mm X6 plate X30 pins
Screw feeder: 4 rpm

Air supply: 50m®/min (570 g)
Orifice: 450 ¢mm

Throughput: 400Kg/h

Alpine Aktiengeschellschaft,
Model 100AFG, Augsburg, German
Grinding air: 50-80 Nm3/h, 6 bar g
# of grinding nozzle: 3
Throughput: 20Kg/h

Jet mill

Wet milling Pin mill SC-1B Gyoung Chang Machine Co.,
Korea

400W X 420L X 670H(3-4 Hp)

60 mesh screen

Throughput: 80 Kg/h

MKZA 6-3 SUS Masuko Sangyo Co.,
Japan

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

Colloid mill

EFAZIRE AZEH1%) oS E4Ast9ch Jet milld
multi-processing system.2. 2 jet millinget A}$-3}sich
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oo we) &Aslgdch e 48 Brabender amylo-
graph& ©]&-3te] 95T 71x) £ & T 15%(w/w) ¥
T o] %7} AL ulE% rheomter(Model CR 200D Sun
Scientific Co., Ltd., Japan)& &3 s}sic}. o]w2] rheo-
meter®] &2 271 Table speed : 60(mm/min), Critical
area . 25(mm?), Probe type : cylinderical type, Diame-
ter . 20(mm), Chart speed : 60(NO/sec), Sample hei-
ght : 25(mm), Deformation ratio . 25(%), Load cell : 10
kg)2.2 st

A7)0 53LEAL Juliano2] ¥HVel| w2} Brabe-
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Table 2. Composition of rice flours prepared in various
milling methods

Milling Crude Crude Crude
methods fat(%) ash(%) protein(%)
Pin Mill 0.44% 0.442 7.14*
Colloid Mill 037" 0417 7.142
Micro Mill 043 0.45% 7.07%
Jet Mill 0432 0.372 6.92¢

sedMeans within columns not followed by a common letter
differ (p<0.05)

Table 3. Blue value, amylose content, and damaged sta-
rch of rice flours

Milling Blue Amylose Damaged
methods value(O.D)* content(%) starch(%)
Pin Mili 0.00247 9.26° 6.04°
Colloid Mill 0.0025° 13.28° 13.40°
Micro Mill 0.0310° 13.59¢ 15.99°
Jet mill 0.0540¢ 14.79° 16.97¢

acd\eans within columns not followed by a common letter
differ (p<0.05)
*Ahsorbance at 680 nm-rice flour solution, 10% (w/v)
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Table 4. Water abaorption index(WAI), water solubility Table 5. Textural properties of rice flours
index(WSI), and water retention capacity of rice flours

Milling methods

(%) Parameters -

- Wat . ) Pin Colloid Micro Jet
Mllltl]ni WAL WSI 031: rle;e:tlo’;'céia:ty Mill  Mill  Mill  Mill

t § ¢ t o
methods ottt Hardness(g) 1Bl 70 6 53

- Adhesiveness (dyne/cm?) 249 146 122 124

Pin Mill 192.09°  0.252° 184.95" 190.73¢ Cohesiveness* 065 070 069 069
Colloid Mill 229.87° 0.620° 205.22" 204.61° Viscosity** 290 187 123 142
-Il\::cg\(/)[illlvllll ggg;gi (1);28: ;gggi 3;’2/23: Each values were determined after cooling to 25C

* ¥*Values of relative comparision

#dMeans within columns not followed by a common letter
differ (p<0.05) Table 6. Amylogram properties of rice flours

Milling

methods
Blue valuez} Z7}gtell whet A47144 obd2eo s & pip mill 650 560 955 290 270 —190
gL w2 AYE BoFvh dE&AE(Table 3)o Colloid mill 655 520 955 300 220 —220
UM E Pin mille) 7-¢ 6.04% % 714 2943 (p<0.05) Micromill 635 430 930 190 240 —150
Jet mille] %9 1697%2 714 FoKp<005) el A Jet mill 635 310 925 160 150 —100

A(t) B(B.U) C(T) D@®B.U) E®B.U)FB.U)

Holli= AslA] Eat Ao odedd 9w, AAHRLE A: Initiql pasting temp.

ST 425 9e e weke s © MU

AR, e dEe X4 s "L TR D: Peak height after 30 min

7} &x}3k of O% J?_O]E—_d]“‘”, £AbEl HBe wmolxz E: Breakdown

g AHEstel 1A B3] Fell wpm gy L Setback

< 48217ke] A wE shaAlE] HalEA ool w

TeITD, Bl o] ST HEEUEE FRam  FEREHASE ARE4E} 2HERE B

ylopectin®] 7FA1 3l o-(1,6) g o s o AE Jetlded ol= Meuser 5972 ¥ a9l U

Wi ol 2R WolAuhe spane] A Whel & shrh 47bRe) BAde S48 A3 A¥e) £4s)

Atz BaEdh. o)zl adgrhgA °P”‘£° s 7HE F& Jet mill2] 744 dge] 248l A 256.24% 2
], Y

ekl EA AT} dxsle] HE9 SAEI}L Z71Ehe 7} E=5 Z2F5e A 257.54%2 Micro mille] 272.38

wpe} ofWE 9~ FFo] thad folalAl ok Hag) %% 2o $obrHp<0.05). =3, AE-E4 w7} 714 e

o x| AT, Pin mille] %% <bate] 2484 184.95%, ZF-3e)| A
190.73% 9 & JebH sl ohp<0.05).
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AAIA E<l Micro mill&} Jet mill®) 258.32%, 256.13% 53(g)e. & 7hAb e ke ¥y, Pin mille] %% 31(g)
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Table 7. Differential Scanning Colorimetry properties
of rice flours

Table 8. Sensory evaluation scores of rice dough(sujebi)
prepared in rice flours

- Parameters Milling Parameters
Milling methods - - —
AH(cal/g) To(C) Tm(C ) Tc(C) methods Flavor Mealiness Springiness Overall
Pin Mill 1.95 7214 7611 84.11 Pin Mill 443> 3.64° 4.21° 4.29%
Colloid Mill 1.30 7131 7551 8557 Colloid Mill 4.07° 4.50° 3.07° 293"
Micro Mill 0.83 68.65 7296 8354 Micro Mill 4.21° 4.00%° 3.93% 3.93*
Jet Mill 0.83 6589 7054 82.78 Jet Mll 4.86° 2.71¢ 4.50° 4.57*

AH: Enthalpy of gelatinization

To: Onset temp.

Tm: Maximum temp.

Tc: Conclusion of gelatinization temp.

A dojubr] EspRA 7L RolA A #E o T
ok =3 HuFPErt FEFE AL e 7t
skt H A =2 7% Pin mills} Colloid mill®] 7%
7+2} 520, 560B.U.E djAl"og dR®e qe Ryl
Zro] A7 T by} vlAlsted o wel HaHE7}
daeshe A%E Bt ok BT 23 ALSF
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S| olalH g FAAEsIA =W seFe] Axkw
Ao] HAEA =Ho HEE ZAaA7A Pk shed)
= TE.,__A;-_,] O:hskoﬂ [ﬁ = odsko Hlo} H]i ;"N
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o AR & 7t sk AAAE gdHdeE vieh
U= breakdown ratiox Pin mille] 0.52, Colloid miil-&-
0.58, Micro mill#} Jet mille& z+z} 044, 0.529] &
vheledct Jet mille] 7% breakdown ratioZt-2 3t
g 2Agke yo}l Agol wlal AEe 53 Y gL wh
Aoz A7tgich o] d3E BEdE AW Aol ¥
2715 A 3] YalMe B& SPiA 2k
breakdown ratio 18] 1 #HTHT7} =&
Az A7 S5 WAz

2=lc). =3} hot paste el <FH

He 7oz Jehjgch ke s 2T 5 9l set-
back-& Colloid mille] —200B.U.Z 7}4 zke]7} 71om
Jet mille] —100B.U.2 =3}7} 2= g HodF:
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