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The Properties of Rice Flours Prepared by Dry- and Wet-Milling of Soaked Glutinous and Normal Grains
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Abstract

To prepare ready-to-use rice flour as de novo material for processed rice foods, ghutinous (W) and normal rice
grains (N) were soaked for 1, 8, and 12 hours prior to processing. One half (DG) was air-dried and milled, and
the other (WG) was milled and air-dried. General, morphological and pasting properties of the flours (NDG, NWG,
WDG, WWG) were compared to those of a control (raw milled rice without soaking). The general compositions
of the rice flours varied with soaking. Crude ash was considerably decreased at the beginning of soaking (1 hour).
With the soaking, the rice flour, having polygonal shaped particles and a layered surface, acquired particles with
smooth edges, which were then uniformly distributed. Additionally, the WG flour was lighter and had a lower AE
value than the DG flour, due to a higher L and less +b as a result of soaking. Compared to the control, the WBC
of the normal rice flour was decreased significantly with soaking, and the WG flour had significantly lower WBCs
than the DG flour. Stirring number (SN), an indicator of a-amylase activity, was highly and significantly correlated
with WBC (1=-0.85, p=0.0001) in the normal rice flour. At 80C, the SP and solubility of all the soaked rice flours
were much higher than those of the control. Positive (r=+0.85, p=0.0001) and negative (r=-0.61, p=0.02)
correlations between the SP and solubility of the normal and glutinous rice flours were found, respectively. Using
RVA, the pasting temperature of NDG was lower than that of NWG (p<0.0001). The peak viscosities of all the
soaked flours were significantly decreased with soaking (p<0.01), with the highest viscosity in the normal rice flour
soaked for 8 hrs. Total setback, indicative of retrogradation, was lower in NDG than in NWG, with the lowest
setback at 8 hrs of” soaking. Based on these findings, the NDG flour with 8 hrs of soaking was less damaged, and
had a lower total setback and lower pasting temperature, which would make it an appropriate rice flour for
commercial mass production.
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Fig. 1. Scanning electron microphotographs(x500) of nonwaxy rice flours prepared
by different soaking and drying treatments.

(a) Soaking time for O hr (Control), (b) Soaking time for 1 hr (WG),
(c) Soaking time for 8 hrs (WQ), (d) Soaking time for 12 hrs (WGQ),
(e) Soaking time for 1 hr (DG), (f) Soaking time for 8 hrs (DG),

(g) Soaking time for 12 hrs (DG)
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Fig. 2. Scanning electron microphotographs (x500) of waxy rice flours prepared by
different soaking and drying treatments.

(a) Soaking time for O hr (Control),
(c) Soaking time for 8 hrs (WQ),
(e) Soaking time for 1 hr (DG),
(g) Soaking time for 12 hrs (DG)
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(b) Soaking time for 1 hr (WG),
(d) Soaking time forl2 hrs (WG),
(f) Soaking time for 8 hrs (DG),
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Table 1. Hunterlab color of nonwaxy and waxy rice flours prepared by different soaking time and drying treatments

: soaking time Hunterlab Color’
Rice flour samples (h%) 3 : b AL
control' 0 97.27+0.05° +0.3240.02° +1.66+0.028 0.00
1 97.15+0.01° +0.26+0.03° +1.8120.01° 0.22+0.01°
nomwaxy NWG’ 8 97.05i0.02; +0.25io,02:’“ +2.02¢o.0261 O.35i0.012
e 12 96.95+0.02° +0.25+£0.01%¢ +2.08:40.01° 0.43+0.00
1 96.500.02' +0.24+0.01%¢ +2.47+0.01° 1.02+0.03"
NDG’ 8 96.65+0.04° +0.22+0.03% +2.42+0.01° 0.90+0.02°
12 96.63+0.02° +0.2120.01¢ +2.3420.01° 0.81+0.02°
control’ 0 97.13+0.01° +0.26:0.02° +1.80+0.01° 0.00
97.51+0.02° +0.30+0.01° +0.75£0.00° 0.36:0.01°
waxy WWG? 8 97.82+0.03" +0.2920.00° +0.6420.01° O.42i0.02:
e 12 97.70i0.03; +o.32¢0,023 +0.63i0.02; 0.57+0.01
1 97.570.02 +0.17+0.02 +1.77+0.01 1.29:0.02°
WDG 8 97.53:0.02% +0.2140.01° +1.70+0.03° 1.58+0.03°
12 97.76+0.03" +0.260.01° +1.75+0.01° 1.50£0.01°

! Dry milled rice flour sample without soaking.

? Rice flour which was prepared by milling the soaked grain and then by air-drying.
* Rice flour which was prepared by air-drying the soaked grain and then by milling.

* Means with different letters in a column are significantly different at p =
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0.05 by Duncan’s multiple range test.
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Table 2. Water binding capacity(WBC) and stirring number
(SN) of nonwaxy and waxy rice flours prepared by different
soaking time and drying treatments

soaking T

Rice flour samples tgln;e, SWBC (%) e SN*

i , Ly
control! 0 189.91+5.62*°  229.96+1.12'
1 168.55+2.48°  279.09+4.01°
Nomwaxy NWG* 8 166.05+027°  263.55+2.30°
. 12 175.96£3.98°  254.25+0.82°
nice 1 185.02:2.94°  240.75+5.06™
NDG® 8 193.00+1.20°  245.71+4.30"
12 195.81+1.16°  23521+147°F
control’ 178.91+7.18 162.96+8.43"
1 176.48+6.56 158.550.18°
Waxy WWGS 8 175.00+7.52 137.25+1.06°
_ 12 176.83+4.33 156.00+7.00°
fiee 1 188.45:7.82 142.40+0.57°
WDG® 8 189.56:5.94 138.54:0.06°
12 182.47+2.34 155.75+2.94°

Dry milled rice flour sample without soaking.

Rice flour which was prepared by milling the soaked grain
and then by air-drying.

Rice flour which was prepared by air-drying the soaked
grain and then by milling.

SN, stirring number with the RVA, which is defined as the
apparent viscosity in rapid visco units at the 180th sec of
stirring a hot aqueous flour suspension undergoing
liquefaction.

Means with different letters in a column are significantly
different at p = 0.05 by Duncan’s multiple range test.
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2% o8l AFA JYS Yeh AI 2001, Song JY &
2006a)¢] AT-¢ dA|gth Choi CR(2002)2 w8715
9} WAARS SPE HlwWadRE 80T o sl A= &

mlm r

=29
—

{

NlﬂlONﬂlJ.IOR_uhur'r
_OEJR
LrIrHE

b7 AEET £ SPE Ho|thl 1 &% o]t
e AR SPrl Z7lsita dt¥sigsd o= &

el gl AR olAd B HROZ 80T AdA
o9 Agel Bgel APGE 71E9 dRs AH
(Hamaker BQ} Griffin V1993, Kim WS$} Seib PA
1993).
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AR edld gasac dAAE dYsgRel &
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om vyt WAV Fe ZRBA(=+085,
p=00000)E, FB/FE= 59 BHAA =061, p=
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SPsk WBC7F 9140l A@AAR=093)E Zvia
Biustgon 2 AgelAE F94 4REAE B
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Table 3. Swelling power (SP) and %solubilities of nonwaxy
and waxy rice flours heated at 80°C prepared by different
soaking time and drying treatments

. soakin,
Rslgfnlfl]g:r time ® sp* SolubilityA(%)
(hr)
control' 0 15.64+3.53 10.56+0.34°
1 19.72+0.05° 17.9220.51¢
Nonwaxy >3 21.28i0.25: 19.69¢o.02f~“
e 12 22.07:141 20.7512.652 ‘
1 20.88+0.32" 22.1630.60™
NDG' 8 21.55+0.02" 23.68+0.04°
12 22.70+0.55" 26.60+0.62°
control' 0 23.52+1.07° 31.7145.11°
1 28.33+0.61*° 21.15¢1.70
Waxy WWGS 8 30‘081-3.021 20.66i0.83‘f*°
o 12 29.0040.25" 16.34+1. 15;
1 22.77+0.15° 23.93+2.42
wDG® 8 25.13+0.36™ 22.39+1.48"
12 2330+1.57° 22.8440.70"

" Dry milled rice flour sample without soaking.

? Rice flour which was prepared by milling the soaked grain
and then by air-drying.

® Rice flour which was prepared by air-drying the soaked
grain and then by milling.

* Means with different letters in a column are significantly
different at p = 0.05 by Duncan’s multiple range test.

FZAE 2 HEHA 423D A635(2007)
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olr

= THGrant LA 1998, Lii CY
Table 4= ANEAEZZAE o251y AZYHL <
gala Az BULRe =S =% Aol
AG7LEY SN EE FEAE G A8 /¢
Ao g zto]E HPEH(p<0.0001), NDG &7 &
SRA2E7 NWGET dol(Ad 4T) w87t e
dolgd = itk old] Hls] FAAYT FAEE &
A& AA}E Yehfx E3o @RA7FEE 71.2-752

ol

1995, KIM JS 2007).

bl wE FAvkR S JavkRe] 5

3

283 WWGE 179.58-186.13 RVU, WDG+ 180.21-
181.75 RVUZ S AA|7Fo| we} foF oz Z43%
SUp<00l) 1 AEE PART Agon WA b
F7MAZ AN AP EE YEhdT 29 F
zo we sINALEe AYAESY JRBAS
AEA F1=-0.60, p=0.02)F

A RE WEFRE
Bl Fglon a7}
A 2T BYAY Fx 9 27 AR

L =0
— =TT

21 O
T T

949 FABA S

vheh
SEEDY

T, AB7IFEE 705720C9 TSI LEE BAF o WgE FA HEd Kum IS¢ Lee HY(1999)+= ¢
o Favtsrt fWA7EFo wla] Ha 3T BE sk A7F AE4E A& 8T ISPRAIZE oAt
i, Lee SH(2002)9] Z#ART 5-6C7F ¢ H%oH Axwsyt 9A] wy) doly Hdl F=v dAgriar
Kim JSQ007)9] ZAFele= H|5% FA & RoFUrh starth & ££9 4% AEYAV} ZIE =t
Sepir2Es E8F MAIEe] FE7E 10 RVUZE of SIRARET Yolxmz HEFHAEE fEAE
g 9 eE5 Zgoded £AAAR AR gEE dEE 2718 7R R A 1% 2E5] 9
2 g, wWge E@sHA 8AIF FHONA AP I oo} Jtrh(Song JY & 2006b).
SAI S EE HoFr) Table 40A ®BH peak, trough, cold H= &7 X%}
Table 4= A7FFY 331 ¢S BAF7] H6) A AER)Q] total setbackS EF FJH O R zo|7t UAF
peak, trough, cold, breakdown, total setback®] EAX& 2 BoE by, A AR Q) breakdownS HWA7FE]] A
AAtGTh WAL AP R peaks 28284 ¢ FFolx P FAIFE W FHoIAH
RVUolal, S AE s NWGE 297.13-293.46 RVU, (p<0.0001). 0]—‘;— NEZZAR7E)E FAAE 7kl
NDG+ 289.25-281.63 RVUZ F3 A7k met 794 ztol7b LS HAFEd 53 =3dH}F S HA¥ste
o2 FASHLE<001) 3 8AZAN HAXS B total setbacke PAVFFA FA¢ dERE, F£IAAUL
o FQoh FAIFE dRFe] 15858 RVUolL 3 (NWG, NDG)7tel ztol= YehteEdl 53] 8AIZE
Table 4. RVA Patterns of waxy and nonwaxy rice flours prepared by different soaking time and dt:yi treatments
Rice flour  Soaking Pasting ViscosityRVU)" o
samples tme temp Peak Trough Cold - Breakdown Total setback
(hr) ' (©) P €9) © (P CT
control'! 0 72.05+0.07° 282.84+1.53*7  149.59+1.18° 265.50+0.11° 133.25+0.35 115.92+1.07°
1 75.20:0.00° 297.13£2.06° 184.67:1.31° 306.0418.89" 112.4621.13 121.38:4.41°
omwax NWG> 8 73.65+0.02° 300.17+0.83" 173.174023*  297.21+1.12° 127.00£1.06 124.05+0.88"
e Y 12 74.25+0.01° 203464124  171.00:1.88"°  292.96+2.53" 122.46+3.12 121.96+0.65"
1 71202000  28925:1.06> 150421133 261.00+£147° 138.84£1.44 110.59+1.42°
NDG® 8 71.65+0.64° 298.96+3.01° 159.71£5.36%  266.00+4.60° 139.25+8.36 106.29+0.76°
12 72.10£0.21° 281.6326.07" 144.3842.18° 252.17+2.12° 137.25+3.89 107.8020.06°
control! 0 72.00+0.00 158.58+0.00° 84.17+1.89° 102.17+1.29° 74.42+1.89° 18.002£0.59°
1 70.88+0.60 179.58+2.83" 94.00£3.18*°  113.67+2.71%° 85.58+0.35° 19.67+0.47*
wax WWGE 8 70.530.03 194.25+3.18° 95.79+2.06" 116.592.59° 98.46+1.12° 20.80+0.53"
ﬂcey 12 70.88:0.46 186.13+0.88*° 95.83+1.77° 116.54+1.47° 90.30+0.88° 20.71£0.30°
1 71.60+0.63 180.2149.95" 91.59+5.89™°  111.21:6.89™° 88.63+4.07° 19.62+1.00™
WDG® 8 70.88+0.60 183.96+0.88*° 87.59:023°°  107.30£0.18"¢ 96.37+1.12*° 19.71+0.06™
12 71.18+0.03 181.75+2.94° 88.5912.24*%  107.13+2.41% 93.17+0.70™ 18.54+0.17°

" Dry milled rice flour sample without soaking.

* Rice flour which was prepared by milling the soaked grain and then by air-drying.
* Rice flour which was prepared by air-drying the soaked grain and then by milling.
* Means with different letters in a column are significantly different at p = 0.05 by Duncan’s multiple range test.
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