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Improved Storage Stability of Brown Rice by Coating with
Rice Bran Protein
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Brown rice grains were coated by spraying aqueous protein solution extracted from rice bran using 10% ethanol,
and dried at room temperature. Coating procedure was repeated 1-5 times to determine effect of repeated
coating. Quality changes in coated brown rice grains were observed during 8 weeks storage. Most coated rice
grains gave lower peroxide and acid values, which indicate antioxidative effects of coating. Lipase and
lipoxygenase activities generally decreased in grains coated more than three times. Microscopic images of whole
kernel and longitudinal section revealed cracking on all brown rice grains including control, and hydration rate
constants were not significantly different among treated grains. Compared to non-coated brown rice grains, those
coated more than three times, after 8 week storage, showed better quality retention observed in (meaning not
clear) higher water-binding capacity, lower gel consistency decrease, less browning, and better textural properties

in cooked rice, resulting in better sensory quality.
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Fig. 1. Changes in weight losses of brown rices coated with rice
bran protein during storages.

-@-: Control, -M-: 1 time, - A-: 2 times, - X -: 3 times, - X -: 4 times,
-@-: 5 times.
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Fig. 2. Changes in pH of coated brown rices during storages.
-@-: Control, -I-: 1 time, -A-: 2 times, - X -: 3 times, - X -: 4 times,
-@-: 5 times.
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Fig. 3. Changes in peroxide values of coated brown rices during
storages.

-@-: Control, -l-: | time, - &-: 2 times, - X -: 3 times, - X -: 4 times,
-@-: 5 times.
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Fig. 4. Changes in acid values of coated brown rices during
storages.

-@-: Control, -ll-: | time, - &-: 2 times, - X -: 3 times, - X -: 4 times,
-@-: 5 times.

o] A% g, 23, ¢ Ee tE AgEH Wse, 4
A8 stEo] sl Hed@2), E A Agx ot
FYsigon, ok 2 AstAgo] & A% Folx YA
U & AU

a2y ZRSSrE MRS AR F FastErte 44
Fe AHAow, ol2M ¥xX7 vl IHAE g Y
2R AF F A ABAE AN 7 UEE WY
T At

A7HAcid value)e| &}

gl AY F Aj7ke] Fagte] wEt Ake A& F
7¥al9thFig. 4). diZTe Hgole 4PF 4.7mg KOH/I100
golgleyt A 85 Fole 163 mg KOH/I100g2 2 oF 3.44)
A Z7helA, ZYde] ks ZYAGUL 2E57E A
st

F A% F FHe F3lE dodla B WAE A
Ashe faxHkel] o3 Mo HEQl e AR F
Ao Akl o8y FUIEtia e @42), H 543 A
ool FA 7P & FEE viXe AAFe hie A
Az AR F 89 Akd JheEEl 549 AEAtste] 9§
7}E JRRREE B AR Zvbt Jehted A¥AE B
o} §elx|Ae] W7}t o] AL n-hexanal 5o FHEd 345
Bl 93t amHy} WAty Btk ek 2 ¥
ME AR F &9 AWpe) s s fElA At ot
o} 7 Artel F71E #EE £ AT ol A%E pH &
3 Azl YT, A% 8F Folx 27 A IRA=
33 ol4 ZEE &g XAyt HA SAR] 15mg KOH/
100 gBt} wstet.

ol23t AFg Rol EX7 Bz IYAE ol Y3
Ao 2N Agvle d3E AIAAE F e THeE &
A&t

Lipase W4de| &4
g7 Gl Fe)o] o3t e AWrieEs aae] 84

a0

Lipase activity (unit/g)}

Control 1 2 3 4 5
Coated times

Fig. 5. Changes in lipase activity of coated brown rices.
*$The same letters indicate no significant difference at p<0.05 level
by Duncan's multiple range test.
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Fig. 6. Changes in lipoxygenase activity of coated brown rices.
**The same letters indicate no significant difference at p<0.05 level
by Duncan's multiple range test.
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Fig. 7. Scanning electron microscopy of whole kernel images of

coated brown rices.
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Fig. 8. Scanning electron microscopy of longitudinal section
images of coated brown rices.
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Fig. 9. Relation among the moisture gain of coated brown rices
and soaking time.

-@-: Control, -l-: 1 time, - &-: 2 times, - X -: 3 times, - X -; 4 times,
-@-: 5 times.

Table 1. Calculated hydration rate constant of coated brown
rices

Coating time Hydration rate constant (min™")
Control 0.1732 £0.0034*
1 0.1975 £0.0572°
2 0.1817 £0.0979*®
3 0.1844 +0.0310®
4 0.1924 +0.0424°
5 0.1897 +0.0329%®

**The same letters in the same column indicate no significant
difference at p<0.05 level by Duncan's multiple range test.
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Fig. 10. Changes in water binding capacities of coated brown
rices during storages.
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Table 2. Changes in gel consistencies by coating times and storage period

Gel consistency (cm)

Storage period (week)
Treatment
0 4 6 8
Control 5.344+0.011 5.3 +0.003 42 +0.012* 4.6910.052* 4.32£0.020°
1 5.34+0.011 53 x0.038 49 +0.029° 4.57+0.018" 43 +0.026°
Coating imes 2 53410011 5.32+£0.022 5.031£0.047° 471£0.013° 43 +0.003*
3 5.34+0.011 5.32+0.012 5.11£0.521° 496 £0.079° 477£0.017°
4 53410011 5.32+0.031 5.231£0.033¢ 5.15£0.047¢ 5.01 £0.045¢
5 534+0.011 5.34+0.003 5.32+0.044¢ 5.3210.042° 5.28 +0.064°
Isoflavone 5.34+0.011 5.34+0.031 5.32+0.044° 53 £0.023° 53 £0.041¢

+*The same letters in the same column indicate no significant difference at p<0.05 level by Duncan's multiple range test.

Table 3. Pasting properties of coated and stored brown rices

Pasting properties Non-coated rice Coated rice (#5)

Storage period (week) 8 8
Initial pasting temp. (°C) 71 68
Peak (B.U.) 340 135
At95°C (B.U)) 120 40
At 95°C after 15 min of stirring (B.U.) 360 140
At50°C (B.U.) 760 460
Consistency (B.U.) 400 320
Breakdown (B.U.) -20 -5
Set back (B.U.)

420 325
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Table 4. Changes in colors by coating times and storage period

Amylographoil 2|8t T&e| S35y

Brabender/Visco/Amylographol] }3l| 85:7F 343 IR g &
(53ha} ZHEA] e Ao T3 e BAS dIe Table
37 2y, 237N &%= A%7F 10 Brabender Unit(B.U.)
o xgsls 58 Vel

FYE #a FEelR] e Ao T3PIA 2T 74 68°C
9} 71°Co|g e H3 AxE 135B.US 340B.UCIEE A%
Z 33} Axe) 27} 4 Aol Fyjo| ARl Yehe
oz deA 2ty 28} Indudhara Swamy 5(57)y H ¢}
WoE 337 ARERE o, ¥ YA e H1 ot
zrllgou a2 Foe Ad #Asdux sk xok A
©63) 2 A F6)% 35°C AT dnle] Aoz H He
E Zteon s, A S T AT F ofdEa
Y EANS AR 43, A3 Axrt A% 7170 F VRIS
™ o= A4 & o-amylase®] Zaol 71913 AoZ H I
o} zzEv Yasumatsu $(65)S AF F FAXE] 75E3
o ol faElA Aol AAE ] & i) HEHGeY 33}
L-g A&7 i) A Fxrt STt Bist
Atk =3 Kumarst Ali(6eys B AElZ Zb7h 4&20-23°0)%
WALEACNA 228 7)17HES A% A7ERe S EE

Color Storage Control 1 2 3 4 5 Isoflavone
value (week)
0 64.6+0.20 64.610.20 64.6+0.20 64.6+0.20 64.6+0.20 64.6+0.20 64.6+0.20
2 64.71£0.32 64.7+0.57 64.71+0.26 64.63:041 64.6+0.30 64.6+0.75 64.6 £0.61
L 4 64.710.89 64.7+1.10 64.7+043 64.6:0.10 64.610.68 64.51+0.28 64.5+0.82
6 64.8+0.47 64.710.53 64.8£0.82 64.7+1.07 64.5+0.39 64.510.63 6441023
8 64.91+0.78 64.910.96 64.9+0.70 64.8+0.51 64.6+0.69 64.6+£0.20 64.61+0.34
0 +3.5+0.08 +3.510.08 +3.5+0.08 +3.5+0.08 +3.510.08 +3.510.08 +3.51+0,08
2 +3.510.17 +3.510.08 +3.51£0.16 +35+0,14 +3.44+0.24 +3.510.24 +3.510.13
a 4 +3.51£0.17 +3.5+0.33 +3.5%0.30 +3.5+0.20 +3.31£0.23 +3.51£0.28 +3.51£0.12
6 +3.51£0.37 +3.51+0.24 +3.4+0.27 +3.41+0.27 +3.31£0.25 +3.41+0.24 +3.41+0.27
8 +3.51£0.31 +3.410.11 +3.410.29 +3410.27 +3.240.23 +3.31£0.27 +3.3+029
0 +16.0+0.36 +16.0+0.36 +16.0+0.36 +16.0£0.36 +16.0+0.36 +16.0+0.36 +16.010.36
2 +16.1+£0.31 +16.1 £0.06 +16.1£0.15 +16.010.17 +16.1+0.21 +16.0+0.44 +16.0+0.21
b 4 +16.1£0.24 +16.1£0.27 +16.1£0.20 +16.1£0.18 +16.010.21 +16.0+0.18 +16.1£0.27
6 +1714013% 41611032  +162£0.150  +162+021" +162+051®  +16.1+£037*  +162+0.10°
8 +174+041°  +16.6L047" +16.62037° +164+0.26° +164+£0.18° +162+0.37

+162£0.23"

*bThe same letters in the same column indicate no significant difference at p<0.05 level by Duncan's multiple range test. )
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Table 5. Textural properties of coated brown rices
Adributes”
Treatment
HD CO SP CH AD
Control 1.8703 +0.07¢° 0.0210£0.001 2.6901+0.249®  0.1057+.0009*  -0.00621+0.002%
1 1.7751£0.129 0.023010.004 3.0915£0.072° 0.1261 £0.002°  -0.0119+0,004™
2 1.5252£0.162¢  0.0218 +£0.006 3.0607£0.233" 0.1296£0.017°  -0.0223 £0.002®
Coating times 3 1.5019+0.117%  0.0239+0.003 2.76201+0.137 0.0992£0.029%  .0.0204 £0.004*
4 1.4730+0.188" 0.0291£0.003 2.9380+0.204° 0.1260+0.017°  -0.0294 £0.005*
5 1.3698 £ 0.015° 0.0189£0.005 2.1177£0.072° 0.0547 +£0.004* 0.0016 =.0.0003*
Isoflavone 0.9697 +0.046* 0.0263 £0.002 2.4990+0.269®  0.06380.008°  0.0015::0.00003°
PHD: hardness, CO: cohesiveness, AD: adhesiveness, SP: springiness, CH: chewingness.
**The same letters in the same column indicate no significant difference at p<0.05 level by Duncan's multiple range test.
Table 6. Sensory properties of coated brown rices
Treatment Luster Color Flavor Taste Hardness Springiness
Control 5.14%0.50 6.36+0.35¢ 4141041 493+043* 7.29+0.36° 5.21+£0.59*
1 4291051 5.71+£057 507£0.35 4861034 643£0.7" 5.64+0.60"
Coating times 2 4931047 579£0.52% 4431064 5.761£0.39* 5.57+046" 5.931+0.43°
& 3 4.50%0.60 5.00+0.64™ 5431041 5.07+0.31° 6.57+£0.31™ 5.431042"
4 5361+0.49 4.57+0.49° 4.8610.65 5.64+0.42° 5.50£0.46™ 5.00+0.50*
5 4.86+0.57 3.86£0.35 4.50£0.20 6.21 i0.54‘f 571+£059° 5.50+0.54*
Isoflavone 4.641+0.49 3931048 4211053 5.50+0.54* 4.501£042° 4.36+043°

““The same letters in the same column indicate no significant difference at p<0.05 level by Duncan's multiple range test.
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Table 6. Sensory properties of coated brown rices

Cohesiveness Adhesiveness Quality of Quality of Quality of Quality of Quality of
surface flavor taste texture all over

Control 4.4310.50* 4214054 521+037* 521+£037* 4.64+0.37* 4.50+0.48* 4.50+0.44*

1 5.07 £0.64® 3.791£0.56* 4,50+ 047" 5.86+0.31* 4.431+040° 4.57+045 436+041°

2 5.29£047* 5.14 +0.55" 5.50+0.40* 6.36 £ 0.46° 5.14+0.39® 5.14 £0.47* 5.07 £0.50®

3 5.07+051%® 4431054 6.14+031° 543+051* 5.43+044" 5.29 £ 0.46* 5.21£0.46%

4 5.00+0.52® 4.57 +044%® 5.86+0.42" 4.79+0.33" 5.14+ 042" 5.36 +£0.46% 5.214+0.35%

5 5.93+0.53° 5.93+0.50° 5.14t0.46" 6.21 £0.39° 5.93+045° 5.93+0.58° 6.00+£0.47°
Isoflavone 5.79+£0.39* 5.29+041%* 5.76 £ 0.49° 5.50+0.43® 5.50+0.48* 5.29+0.46% 5.43£043*

*“The same letters in the same column indicate no significant difference at p<0.05 level by Duncan's multiple range test.
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