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Properties of Normal and Glutinous Black Rice Flours Prepared by
Different Milling Methods
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Abstract

Two black rice samples, normal and glutinous black rice, were milled by different milling methods, and the phys-
icochemical properties of the black rice flour samples were tested. Total anthocyanin content in the black rice
decreased during soaking in the process of wet milling. The particle size of the black rice flour prepared by dry
milling (DM) using a pin mill was smaller than that by wet milling (WM) using a roll mill. Damaged starch con-
tents in the dry milled black rice flour were 16.2 and 14.2% for normal and glutinous samples, respectively, whereas
these were only 2.7 and 5.9% for the wet milled samples. The particle size was further reduced by successive dry
milling of the flour after wet milling and drying (WDM). However, WDM resulted in a lower damaged starch (%)
than DM, despite reduced flour particle size. Little differences in the water absorption index (WAI) of the black rice
flour were observed among the different milling methods. Water solubility index (WAI) was in the following order:
DM, WDM, and WM, and was higher in glutinous black rice flour than in normal black rice flour. Determined by
Rapid Visco Analyzer (RVA), glutinous black rice flour appeared to have significantly higher gelatinization temper-
ature and pasting viscosities including peak, trough, breakdown, and final viscosities. Compared to dry milled black
rice flour, wet milled black rice flour showed lower peak viscosity and higher final viscosity, resulting in increased

setback value.
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T3 O 2 (Touda et al., 1994) AW AA 3}
g olue} gholely, g B4, =8
e A2 el e AoR wuHgth
(Nam et al., 1998; Haruyo et al, 2001; Kaneda et al.,
2006). SuEe F2 ] 83t 2o FEE ALLE
3 glom) Aw Aola, 77, W, T4, F F FUE o
&3 @ FEAEel e A7 R HAck(ung e
al., 2002; Lee & Jung, 2002; Lee & Oh, 2006). &2 7}
FUEE 0|83 AT R Wheze) Azt
M)ojof shof Wb Fol thegshael et Aok A
Z71% Hopell = A4l oA AL Tt

2E THEHAER o&8h] f% AT Al A o 2o
T, F50 W& 5A4A0] 5o a1 A A

ST, WS
o] A7tEe] F}FEA A FFLS WHE Ao I

2l anthocyanin
2 A E
e i by
WA &3

HH

gL
=
o

A ATHYeh, 2004). 27He] Az o= *é-“’ adE
et AR 77, B4, Ax 5o S AX=

SAAE ol ST SAARA e EF, OFUEL 2



340 o]

&) E W&z Z8(Kim & Shin, 2007),
Al FRAZ RS e xR e 2

H A FEHe] A &HlOﬂ ofa A7HEe] dAk=7],
AR, T3 5ol HskE Fo] AvpRe] A 4
g HAE Aoz ‘?:-_EW E}(Klm & Bang, 1996;

Chiang & Yeh, 2002). &rt &3} wp7ix 2 Sojx w4
I AR YF o e duk At} g o 7R &

0] A E] AEEA SH|7ERe] Az g o
T2 v Aot wEtA # Ao E ofdrm oA
Fregell ztol7t e WAS W] oF 3RS S AHE-Ete] Al
WS gelsle] SR7HRE AlxEglen oo mE Sn

GERELEEREERLEREEE

e L

=

B gl AHEE SHl= 2010 FAF A B FASE R
FRAE, FAIA FAst 4°coA HAsEA ALE-s)

t}

O

3

O|7t22| M=

-El 12 120 mesh 2238 23 pin mill(HSH L, =
AehS AREste] E3ste] A AIE(DM) SHI7HEE

Zﬂig} ot A8 FAAES Sl &5 1:59 H&EE

H7vste] Aol 6A17F Bt S o Aldte] A

_||0|'

DL

JIOI'

6027 &3t om o] & roll mlll(/d olqlx], 737 BF)
of B2A1A B8 o2 50°C GEAZXTZ AR &

*‘Xﬂf(WM) R P e 11]+°}°it‘r FAARS SR7HE

= THA pin millE 2 2F AR st FA/04 A2
(WDM) ErRI7HE= shoitt. Swl7h7o] A= 2 Fig. 1
o fF&]of glrt.

Anthocyanin &&f

Sn|7kFe] FRFEAlobd EaFe] =742 spectrophotometric
pH differential method(Lee et al., 2005)S ©]-&3lo] =439
th = 30 7R AR 2¢0] 1% HClO] ¥ 80%2]
methanol &2 7} shaking water bath(25°C, 120 rpm)
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Theol Aol tjelsted EAOlY e AEaien.

Total monomeric anthocyanin(mg/mL) = (AxMWx dilution
ratiox1000)/e

. Dry millling
Black rice —_— . ]
(Pin mill)
Soaking in water Black rice flour
(6 hr) (DM)
Draining
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Wet milling
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Drying Black rice flour
—_—
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—_—
(Pin mill) (WDM)

Fig. 1. Procedures for preparation of black rice flours by
different milling methods.
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Table 1. Water uptake, color(L value) and anthocyanin content of black rice during soaking in water (23°C)".

Soaking time (hr)
Black rice
0 3 6 9 12 24

Water uptake (g water/g dry matter)

Normal 0 20.57+0.49 26.8610.74 31.71+0.95 35.09+0.49 35.87+0.64

Glutinous 0 20.35+0.81 28.34+0.77 32.83+0.47 36.70+0.65 38.64+0.22
L value

Normal 62.2240.12 63.7610.41 64.72+0.08 65.1840.05 65.70£0.08 65.56£0.19

Glutinous 71.66£0.55 72.4740.74 73.35£0.67 73.63£0.23 74.14£0.29 74.75£0.08
Total anthocyanin (mg/100 g)

Normal 216.99+15.87 173.05£11.82  148.21+10.16  148.20+14.17  144.86+8.89 146.95+8.19

Glutinous 109.80£14.69 85.16+13.72 65.75+15.70 63.04+7.86 62.62+6.20 50.31£12.19
YValues are meantSD.
EolFHA 30°CollA 3027 WA E tha 3,000 rppmell A A3 (Park & Woo, 1991)¢} FAFekSAT Sl drjwtt
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Table 2. Particle size distribution (%) of black rice flours prepared by different milling methods.

Black rice Milling Mesh size
flour method" +60 +100 +140 +200 +230 +325 325

DM 28.75942.14 27244628  37.94+491  559+2.72  0.1940.12  0.0130.01 0
Normal WM 7636+0.12  8.00+0.30  6.95+0.37  5.65+0.18  1.72+0.13  0.49+0.29 0
WDM 31.36+2.52 35264042  29.98+2.67  2.36+023  0.16£0.02  0.01%0.01 0
DM 2433+1.64 34974685  33.86:4.02  536+126  0.21+0.01 0 0

Glutinous WM 73.61+1.33 8.50+0.59  7.16+0.81 6.84+0.48  2.16+021  121+0.10 0.010.01
WDM 19.824229 34234049  3326+0.11  11.58+1.82  0.37+0.02 0 0

DM, dry milling with a pin mill; WM, wet milling with a roll mill; WDM, wet milling, followed by dry milling.

Values are mean+SD.
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Table 3. Amylose and damaged starch of black rice flours
prepared by different milling methods.

Black rice ~ Milling o o
flour method” Amylose (%) Damaged starch (%)
DM 17.440.80% 16.20+1.44
Normal WM 15.0+0.64 2.68+0.45
WDM 17.6+0.12 8.42+0.61
DM 7.0+0.15 14.17+0.42
Glutinous WM 6.2+0.50 5.85+0.21
WDM 6.840.90 8.58+2.11
DM, dry milling; WM, wet milling; WDM, wet milling, followed by dry

milling.
DValues are mean+SD.
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3T FEFe] 55%E W FE2 AR ke Al
FollA ZAsrE AL Uth(Ha et al., 1999b)aL 3}
At
o7t AREdTE AR HaS o) eh 3Ha
n] 7120l ZHz}; 16.2, 142%=2 78 =8 whd 5214
5 Su7tRE 27, 5.9%2 7P BHA UG on A2y
Hol Zn7tRe] 7R Ao A= F A7t 7MY &
e ATk Ze] ARA mAEHA EAE VR E
} =7}5H (Nishita & Bean, 1982), =39l <]
A4 9o AT sl FAAEA HE
N ZITH A (Kim et al., 2009) &tk A &5
kel Az Sr7kEe AR 51
I AAZ717F Bl A T ARG 8% &
AR GA el o= AR A AR E
B3 A7LFoA AR &I AR TS AR
79wt Yob= 43 (Park et al 1988)2+% FAlElH &
o] ABAE FAARSZ 2 22 A2 AE sk w2 o]
ShHol A2 ARl Walol] Hlal] Sn] HEe] A&7

el > 3o
o

£

_]

@ e o
oy
H
N

ox
z A2 o ML P fi
oy
by oX
o

)
[o
H

]_

2
o

k1
ook oF [l U o rP oo 2 Y o HT o

J

NizdHE SOPiRe| M, 25K R TSRl

Aol we WA 3 REEe) Arhee) Ax,
FTAF(WAD 3 R8s A H(WShE 543 A=
Table 49 Ueht Sleh. A=AE AREste] Sw7HRe] A
=5 S A FHAED WAS) 7R Lgho] 4

Aol Hlsl oFzk wropxl wbd A w| 7HEE Lgkel A



WA R AT ARPEE

Table 4. Color, water absorption index (WAI), and water
solubility index (WSI) of black rice flours prepared by different
milling methods.

Black rice  Millin;

four — metho ﬁ) Pvalue  WAI(gg)  WSI (%)
DM 6247+0.02Y 2544033  4.94+0.30

Normal WM 56.64£0.03  2.23:0.09  3.20+0.04
WDM  59.64+0.10  2.10+0.00  3.67+0.16
DM 70.64+0.06  2.30+0.29  10.19+1.06

Glutinous WM 75.74+0.05  2.34+0.13  3.33+0.01
WDM  70.80+0.06  2.08+0.04  5.57+0.15

DM, dry milling; WM, wet milling; WDM, wet milling, followed by dry
milling.

ILightness.

9Values are meant+SD.
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Fig. 2. RVA pasting properties of black rice flours prepared by
different milling methods. DM, dry milling; WM, wet milling;
WDM, wet milling, followed by dry milling.

ZAZH(Ha et al,, 1999b)e} = LA sh= A 02 YERSTH

0722 5=
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Tt Ao AAAAE HAtt= 2 I (Sompong et al.,
2011)%} o =Yl JhFo] e i YA7F Bk g4
P&371(Li et al, 2008) HECE JAAT AL
WS 7R} 123-156 RVU B2 FR3En 7139
45-62 RVU®l| Hlall AA A =ko) gk opdz e~ 3
ol e S| 7FEE= trough, breakdown, final 8%
7} 247} 19-26, 20-37, 29-39 RVU WS = W &30 713
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paste2] peak, trough, breakdown, final, setback =7} <

Table 5. Rapid Visco Analyzer (RVA) pasting properties of black rice flours prepared by different milling methods.

Black rice Milling Pasting Viscosity (RVU)”
flour method") temp (°C) Peak Trough Break down Final Setback
DM 74.19 138.59 55.38 53.21 136.13 -2.46
Normal WM 75.3 123.05 83.08 39.96 174.75 51.71
WDM 72.1 156.25 78.67 77.59 170.04 13.79
DM 68.8 61.75 26.46 35.29 37.25 2450
Glutinous WM 68.8 45.34 25.67 19.67 38.63 -6.71
WDM 68.8 55.71 18.75 36.96 28.71 -27.00

DM, dry milling; WM, wet milling; WDM, wet milling, followed by dry milling.
ITrough = minimum viscosity after the peak, breakdown = peak viscosity minus trough viscosity, setback = final viscosity minus peak viscosity.

9Values are means of duplicate determinations.
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