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Physicochemical Properties of Brown Rice Flours Produced under
Different Drying and Milling Conditions
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Abstract The physicochemical properties of brown rice flours produced under different drying and milling conditions
were investigated. Moisture contents of hot-air dried, microwave dried and zet-milled brown rice flours (BrWZH) were
10.7%, 13.7% and 8.0%-8.6%, respectively. Water absorption indices (WAI) and water soluble indices (WSI) of roll-milled
brown rice flours (BrtWRH) were lower (0.40-0.59 g/g; 0.7-3.0%) than those of zet-milled brown rice flours (0.58-0.79 g/
g, 4.0-7.3%). Zet-milled brown rice flours had higher Hunter L values and more damaged starch (94.1-96.8; 28.2%)
compared to roll-milled brown rice flours (91.3-91.9; 15.5%). The percentage of damaged starch and L values of brown
rice flours increased as particle size of brown rice flours decreased. Roll-milled polished rice flour (Control) had the
highest L value and lowest amount of damaged starch (97.1; 8.2%). Control, BrWRH, BrWZH, and ultrafine brown rice
flour (HBrZMU) had peak viscosity values of 321, 255, 221, and 162 RVU, respectively and trough viscosity values of
217, 185, 175, and 113 RVU, respectively. Peak and trough viscosity (Rapid Visco Analyzer; RVA) properties of rice
flours decreased as the particle size of rice flours decreased. HBrZMU demonstrated a higher onset temperature (61.1°C)
compared to control (54.8°C) by differential scanning calorimetric (DSC). Crystal melting enthalpy (AH) of control and
brown rice flours were 10.4 J/g and 6.1-8.7 J/g, respectively. Results of this study suggested that physicochemical properties

of brown rice flours were closely related to their particle
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Fig 1. Procedure for brown rice flours with different producing
conditions.
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Table 1. Abbrévjations of brown rice flours produced under different drying and milling conditions

Abbreviations Sample production process
Control  Rice — soaking (water) — draining —> milling (roll mill) — drying (hot air)
BrWRH  Brown rice — soaking (water) — draining — milling (roll mill) — drying (hot air)
BrWRM  Brown rice — soaking (water) — draining — milling (roll mill) = drying (microwave)
BrWZH  Brown rice — soaking (Water) — draining — 1st milling (roll mill) — drying (hot air) — 2nd milling (zet milf)
BrWZM  Brown rice — soaking (water) — draining — 1st milling (roll mill) — drying (microwave) — 2nd milling (zet mill)
HBrZM  Brown rice — soaking (water) — draining — milling (roll mill) — drying (hot air) — cold milling (zet mill with cold system)

HBiZMU Brown rice — soaking (water) — draining — miiling (roll mill) — drying (hot air) — cold millirig (zet mill with cold system)

— separating (<10 pm)
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HEsdz

A7MEY) ARLAATE Boyac 5(11)2) gl olsled 48}
Atk &, AE 9gS 100mL HEEFetsAd Wi, a-amylase
solution(Aspergillus oryzae 125,000 unit in 450 mL acetate buffer)
45mlg Hrbstel fEjgtE & E33k 0, 30°C shaking
water bathollA] &3] 258 whgAZth o] &elo] H,S0,(3.68
Ny&Y 3ml3} 12% Sodium tungstate &4 2mLg 7}shed &
E9% F 287 HAA1#A Whatman No. 4 A2 o35 3}
Siﬂr AN L FEPEA(WM-7, ATAGO, Japan)S ©]8-51) Brix

E 45l AESNT YL AtEsT

B,-B \'
(2 1)>< y

Damagaed starch (%) = Vi

B,: Brix value of blank filtrate
B,: Brix value of sample filtrate
V: Volume of slurry (50 mL)
M: Sample size (g)

F: Conversion factor (1.64)

HUSHZSHoo o5t §;|E€'

o] FshiHe AT A (RVA, Rapid Visco Analyser,
Newport Scientific pty, Ltd., Warriewood, NSW, Australia)& A}
&3t S setAgo] e dxEwshe A7t AR F
TFATY 28g0] HEF RVA 8719 ZFFFE 715kl 50°C A
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g 50°C7A BN T L 287 S48 T RVA viscogram O
2RY HIHE(peak), FAH E(trough), AFHE = peak time
£ 3R A% ©9)= Rapid Visco Unit(RVU)E HA)8KA

Differential Scanning Calorimetry(A|XIS=AIZET[)

A7V 20 mgS aluminum sample panoll #3aL 7)o A&
A7pFel 2wl Fehe FRTE micro syringe® 71ete] WE
3t o 2A17F WA ARl & Differential Scanning Calorimeter
(DSC-7 Series, Perkin Elmer Co., Norwalk, CT, USA)Z ©]-&3}
o 10°C/min®] 2 FEZ 30°CHH 130°C7A 7Hdsle 4
H4& 4t} ©o] §E peakE Perkin-Elmer Thermal Analysis
software® 24 8}f BERA 5 (onset), T3PS (peak), =
sl g ANE F3lHTh
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xﬂzzﬂ H REEE WAL WST 23253 Table 29 7o),
AZZA WE roll millg AR Fn@riEe] SR 4
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0.58-0.79 g/gQ & E=gtar, ARENETF B roll mill E543 o
279 BrtWRH A7F27) Zb2) 045, 040 /g0 8 W2 ke
ERHSITH(12). WSL SA] WAISH o] AREdwr} F71ders
Z7bele A%E JeERIT dR=717 2agel wek Sr)s)

Table 2. Moisture contents, WAI and WSI of brown rice flours
with different producing conditions

Moisture

Samples" content (%) WAI (g/g) WSI (%)
Control 10.0£0.0? 0.45+0.02 0.7x0.1
BrWRH 10.7+0.1 0.40+0.03 30101
BrWRM 13.7£0.1 0.59+0.01 2.510.1
BrWZH 8.6+0.2 0.58 £0.02 6.810.0
BrwZM 82+0.1 0.70£0.04 4.8x0.1
HBtZM 8.4x0.1 0.69£0.01 40+04
HBrZMU 8.0+0.1 0.79+0.00 7305

"The abbreviations refer to Table 1.
DMean of triplication £ standard deviations.

Table 3. Color values of brown rice flours with different
producing conditions

Color values”
Samples"
L a b
Centrol 97.1+0.4% 0400 42+03
BrWRH 91.9=x0.1 05102 92+18
BrWRM 91.3+0.2 0430.1 10.1£0.8
BrWZH 94.5+0.2 02+0.0 58+0.1
BrwZM 94.1+0.3 0210.0 62103
HBrZM 96.8 0.7 -0.3+0.2 6.81£06
HBrZMU 97.5£0.0 02103 8.0£13

DThe abbreviations refer to Table 1.
JL: Lightness, a: (+) redness (-) greenness, b: (+) yellowness (-) blueness.
YMean of five replication + standard deviations.
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Table 4. Particle size distributions of brown rice flours with different producing conditions

Particle size (mesh, %)

Samples” (roll mill)

<60 60-80 80-100 100<
Control 62.0+5.1 9.71£0.9 47+03 237+1.8
BrWRH 61.5+t5.7 103£0.7 59106 226124
BrWRM 63.7+49 9.8+0.8 55104 20.8+2.1
Particle size ?
Samples” (zet mill) - (pm). -
Diameter at 10% Diameter at 50% Diameter at 90% Mean diameter
BrWZH 3.5+0.0Y 282+1.5 93.9+6.3 384+2.1
BrwZM 35+0.1 28.01+0.6 958+1.2 382x0.6
HBrZzM 3.7%0.1 253%02 892+1.2 35.7%£0.3
HBrZMU 1.7£0.0 10.3%0.1 18.6+0.2 102+0.1

DThe abbreviations refer to Table 1.

PRoll mill samples were measured by sieve shaker method and zet mill samples were by particle size analyser.

Mean of triplication + standard deviations.

60

Damaged starch (%)

Control’ BrWRH BrWRM BrWZH BrWZM HBrZM HBrZMU

Brown rice flours

Fig. 2. Damaged starch of brown rice flours with different
producing conditions. "The abbreviations refer to Table 1 and

Mean of triplication % standard deviations.
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Table 5. Pasting characteristics for brown rice flours with different producing conditions by Rapid Visco Analyzer

Viscosity (RVU) . . .
Samples" — - Peak time (min)  Pasting (°C)
Peak viscosity Trough Final viscosity Break down Setback

Control 321+23% 217+ 16 367424 105+7 150+8 62+0.0 654+3.1
BrWRH 25542 1851 3501 70£3 166+ 1 62%0.1 718£2.5
BrWRM 2405 183£1 345+3 57+6 162+4 62+0.0 72.6%+11.0
BrWZH 221%2 1754 336t2 46+ 1 1602 6.710.0 69.0+0.0
BrWZM 19841 161£0 292+6 37+1 1316 6.910.0 68.11+1.2
HBrZM 249+ 1 153+1 326+6 9610 173+5 6.310.1 71.0£1.0
HBrZMU 162£1 113£2 249+ 1 502 137£2 6.210.0 71.0£1.0

DThe abbreviations refer to Table 1.

IMean of triplication = standard deviations.

Table 6. Differential scanning calorimetric characteristics of e of

brown rice flours with different producing conditions

Melting temperature (°C)

1y 2)
Samples Onset Peak AHe)
Control 5484029 64200 104+05
BrWRH 58.0+0.1 67.010.1 8.7+0.4
BrWZH 58.3+0.1 67.510.1 82404
BrHZM 571402 673402 7.640.1
BrHZMU 61.1103 67.810.7 61102

DThe abbreviations refer to Table 1.
ACrystal melting enthalpy.

"Mean of triplication £ standard deviations.
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