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Abstract

The objective of this study was to determine the optimal conditions for preparation of cooked brown rice by blending brown
rice, white rice and glutinous rice to improve the palatability. Formulations composed of brown rice (10~100%), white rice
(0~90%) and glutinous rice (0~90%) were generated from an extreme-vertices of mixture experimental design, which showed
ten experimental points for brown rice, with white rice and glutinous rice as the independent variables. The sensory evaluation,
color, and texture profile analysis (TPA) of cooked brown rice and pasting characteristics of blending cereals flour were
measured as response variables. Regression analysis showed that all responsible variables fit linear, quadratic or special cubic
models (p<0.1), except for the cohesiveness of TPA. The goals of optimization of the blending ratio of brown rice, white
rice and glutinous rice were given as appearance, flavor, texture and overall acceptability (lower: 5.50, target: 6.62). The
optimal conditions were determined to be 34.55% brown rice, 42.71% white rice and 22.74% glutinous rice.

Key words : Cooked brown rice, mixture experimental design, blending ratio, palatability, optimization response.
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Zadolt). 18] &< 7FA 3 lth(Korea Rice Technical Working Group 2010).
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Table 1. Bounds of mixture independent variables

Independent Proportion (%)
. Symbol
variables Lower Upper
Brown rice A 10 100
White rice B 0 90
Glutinous rice C 0 90
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Fig. 1. Extreme-vertices design diagram.
A: brown rice, B: white rice, C: glutinous rice.
@ Experiment points by blending brown rice, white rice and
glutinous rice.
1: A=25%, B=15%, C=60%, 2: A=10%, B=45%, C=45%, 3
A=70%, B=15%, C=15%, 4: A=100%, 5: A=10%, B=90%, 6
A=55%, B=45%, 7: A=55%, C=45%, 8: A=25%, B=60%,
C=15%, 9: A=10%, C=90%, 10: A=40%, B=30%, C=30%.
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Fig. 2. Water absorption rate of cereals by soaking time
at 26C.

Table 2. Proximate composition and whiteness of cereals in the study

Cereals Protein (%) Moisture (%) Amylose (%) Whiteness
Brown rice 7.68+0.117%2 15.00+0.07" 20.68+0.24" -
White rice 5.9240.08° 14.180.04° 20.06+0.15° 38.32+0.28°
Glutinous rice 7.66+0.09° 13.02+0.04° 12.10+0.16° 35.88+0.57°
F-value 567.185™" 1649.556™" 3270533 17090.040"
Y Mean+S.D.

? Values with different superscripts within a same column are significantly different by Duncan's multiple range test at p<0.001.

3 H<0.001.
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Table 3. Sensory evaluation of cooked brown rice at experiment points

Sensory evaluation”

Experiment Blending ratios (%)
points AB:C? Appearance Flavor Texture Overall acceptability
1 25 :15: 60 6.241.797% 5.5242.11% 4.90+2.23° 5434225
2 10 : 45 : 45 5.05£2.29° 5.14+2.33% 5.38+1.88 5.24+1.95%¢
3 70 : 15 : 15 4.674£2.22° 5.38+1.43% 4.43+2.36% 4.101.79°
4 100: 0:0 3.29+2.00" 4.67+2.00° 3.29+2.13¢ 3.3342.13°
5 10:90:0 4.8142.16° 4.90+2.12% 5.62+1.83" 5.48+2.52%
6 55:45:0 5.5242 27 5.86+1.32° 4.67£2.11% 5.33+1.59
7 55: 0:45 5.1042.17% 5.76+1.64® 4.71+1.88° 4.4342.06°°
8 25:60 : 15 6.05+1.83® 5.71£1.77® 6.14+1.68" 6.62+1.24°
9 10: 0:90 4.90+1.95™ 5.05+2.18® 3.5742.01¢ 4.29+1.93%
10 40 : 30 : 30 5.43£1.99% 5.62£1.77" 5.43+2.18" 5.76+2.12"
F-value 3.3027) 0.950 4033 4.855™"

D 9-point scale(l: extremely bad, 9: extremely good).
2 A: brown rice, B: white rice, C: glutinous rice.
9 Mean=S.D.

» Values with different superscripts within a same column are significantly different by Duncan's multiple range test at @<0.05.

5) EEEey

<0.01, ""*p<0.001.



22(6): 782~794 (2012)

Hojow 3w A (AR 70%, Mu] 15%, 3 15),
o Fhrell A e ghE B THp< 0.001).
St 5|22 Table 87 2o RE #5 &
o] AdS HATh RS 78.06~94.28%
HYon, 97 oA SHHUS

e
£ quadratic 2dlo] AR, Z2 73}

~
fol

> i

W

N

of

S
)
"
")
2
o

L2
= I
>
b
o
=
o
>
ﬂJlO:to

N o B HU ox
EO}LEQ o
_PJF*"
= o K
nﬂﬂa’éi% 2
OﬂH-
érlo
2ok

W%} dnlype] w4
PO Gl F712
Ar|(A)e) Gl ZHI5%

o
Bt 2244, T84 71k

e
of
ook

Fo AWET oHe
715227} S7VekeE
7} aske Ao

g
~
=}
N
Rl

N
}o[r JHU

g
b

)
e

Y
e
EBE
=)
N B
ok
o
3
N
S

_c>|L
!
N
-~
0

N
-~
ot
o
TR

E)

=7t SRSkt
A dwle] wm) et AhgE
A 5 dE AeR
A

Z3KTable 4)

SN

Q%
=)
1o
ol
el
&) o
%‘i 2y
o|\
oN L
N
nk

o
=2

ol

ol

rir

o fr

) d

N ol
fo

oy
o

ox & Some B KO E ]
RN
Lo K
Y
kv
=)
i o
olr
L
N
g lob
k1
il
X

olr
m
o,

N

Ir ®
rr it om oy
£ L X_" o B ox |

=2,
X
ofN M
N & - 1~
i)
ri
2
o
‘
s
2,
il
;

)
u\l

r
)

Hr=0.533), &|¥2 T4 7]155(0.595),
=(1=0.690)NA =2 Fo| FTAAE
oA &} FHhe A Fo] T
AL e Ao E YeRTh

N
N,
N
N

7

fo

2
T

v

Hol 33t o]

EIECAS

sy
i)

e
!

4. Mz
A% =% AINTable 5), LA(E =) 107] A= &n)yt
oA 66.27~76.382] MYS B ow, &An] 10%, W1 90%

Overall acceptability

Fig. 3. Response surface plot on sensory evaluation of
cooked brown rice.

A: brown rice, B: white rice, C: glutinous rice.

3L = S
IF =3

BEEE! 787

Table 4. Correlation coefficients among parameters in
sensory evaluation of cooked brown rice added with white
rice and glutinous rice
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Table 5. Color values of cooked brown rice at experiment points

HOoFA o} RATHEETE

Experiment Blending ratios (%) Color values”
points A:B:C L a b

1 25 : 15 : 60 72.85+0.34% 0.09+0.16° 12.89+1.24°
2 10 : 45 : 45 75.42+0.74° -0.82+0.30° 10.84+0.47°
3 70 0 15 : 15 68.19+0.48¢ 2.20+0.19° 19.01+0.49"
4 100: 0:0 66.27+0.57" 2.90£0.21° 20.58+0.59°
5 10: 90 : 0 76.38+0.47° -0.93+0.19¢ 10.27+1.25°
6 55:45:0 71.3140.52° 1.22+0.26° 16.06+0.96°
7 55: 0:45 70.07+0.21° 1.350.10° 16.27+0.44°
8 25 : 60 : 15 74.44+0.63° -0.21+0.16 12.38+0.36¢
9 10: 0:90 74.26+0.43° -0.79+0.08¢ 12.24+0.55¢
10 40 : 30 : 30 70.57+0.66 0.76+0.26" 15.65+0.21°

F-value 192,971 221.709™" 108.974™"

D L: 0(black) to 100(white), a: —60(green) to 60(red), b: —60(yellow) to 60(blue).

2 A: brown rice, B: white rice, C: glutinous rice.

9 Mean+S.D.
4

5) o

Fig. 4. Response surface plot on color values of cooked

brown rice.

A: brown rice, B: white rice, C: glutinous rice.
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Values with different superscripts within a same column are significantly different by Duncan's multiple range test at «@<0.05.
»<0.001.
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Table 6. Textural characteristics of cooked brown rice at experiment points by texture profile analysis

789

Blending .
Experiment ratios (%) Textural characteristics
points

A:B:CY Hardness(g) Adhesiveness(g/sec)  Springiness ~ Cohesiveness Chewiness Ad/H?
1 25:15:60 831.36+85.167%Y  —338.53+23.40  0.85+0.06™ 0.3140.02%  217.22+26.52¢  —0.41+0.038
2 10:45:45 755.31£29.478 —267.53+28.73%  0.85+0.06™ 0.33+£0.04®  214.58+33.19  -0.35+0.30%
3 70:15:15 1335.89+64.05° —289.06+12.82°%  0.90+0.05% 0.27+0.03¢  308.43+26.03" —0.22+0.01°
4 100: 0: 0 1871.5063.34° -93.06+50.35° 0.93+0.04° 0.27+0.03¢  464.42449.93*  —0.05+0.03"
5 10:90: 0 873.70+75.81°" -229.23420.71° 0.83:+0.05" 0.3540.02*  254.80+17.72°¢ -0.26+0.03*
6 55:45: 0 940.30::64.90% ~276.08+4.79> 0.80:£0.02° 0.3540.01*  269.20+33.84> —0.28+0.05%
7 55: 0:45 1072.34+87.25° —344.97+1.46 0.87+0.05% 0.20+0.02¢  273.62435.26% —0.3240.04%
8 25:60:15 1018.55+59.89 —233.89+56.57° 0.86:£0.04  0.31+0.02%  277.96+25.95" —0.23+0.05"
9 10: 0:90 820.71+23.87" -324.16+30.87%"  0.88+0.05™°  0.34+0.01"  244.30+16.60° —0.40+0.04'
10 40:30:30 1037.58+16.01° -256.89+51.53% 0.87+0.05™  0.31+0.03*  275.64+19.0°  —0.25+0.05"
F-value 97.458™") 16.098™" 1.796 6.647°""" 20.738™" 30767

D" A: brown rice, B: white rice, C: glutinous rice.

2 Ad/H=Adhesiveness/Hardness.

¥ Mean£S.D.
» Values with different superscripts within a same

5) ek

p<0.001.

column are significantly different by Duncan's multiple range test at @<0.05.

S RIESEE

Y7} —0.40, 0.412] S 2ot
THH 7= A 7H
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c

Fig. 5. Response surface plot on textural characteristics of
cooked brown rice.

A: brown rice, B: white rice, C: glutinous rice.
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gh), 2|7 S(final visc)= &1 10%2} Mu] 90%E EFHSH
A 2)atdS wl 2H2} 193.59 RVU, 116.15 RVU, 209.61 RVU
£ Holn 7MY =& ghs vEReH, dn] 10%, 32 90%
2 239 A2)eS o 7zt 63.98 RVU, 41.70 RVU,
59.72 RVUE 7} ¥+ M =2 BAtp<0.001). A 1d =&
SHHER AR dAe 299 AEE A= 2
e B3 Atolo] HEFHANA Ve, AAHEE Mol
a2l DA AR TR AR YAEY] ofd 2Tt &
Ho g wutel AFEEo] g 7] o] HAHPEE
KolA ElukHan et al 2008). AHEA o7 A opUZE A~ % #
f«l PA = T7F 7] w2 GA B, Rl e

Pﬂéiﬁ *é} AR Pk et Ansid Waa &
?'SH Oﬂ #3HAd-& 247 HtiSandhya Rani & Bhattacharya 1995).
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Table 7. Pasting characteristics of blending cereals at experiment points by rapid viscosity analyzer

Experiment Blending ratios (%)

Viscosity(RVU")

points AB:C? Peak Trough Break down Final visc Set back  Pasting temp(T)
1 25:15:60 75.0120.537  56.35+0.62¢  18.71+0.10" 87.05+0.43" 11.99+0.09° 67.3240.46%
2 10:45:45 104.21+1.43¢ 7345£2.99°  30.76£1.66° 117.70£2.90°  13.49+1.51° 67.78+0.81°
3 70:15:15 127.5140.82° 79.05£1.70°  48.46+0.88"  148.73x1.17°  21.23+0.35" 68.25+0.35"
4 100: 0: 0 138.96+0.59° 80.30+3.10°  58.66+2.52°  169.96+2.35°  31.01£1.76" 68.65+0.20°
5 10:90: 0 193.59+4.16" 116.15£721*  77.43£4.02°  209.61+6.19°  16.03+4.08° 68.1240.38%
6 55:45: 0 162.22:+2.04° 97.30+4.29°  64.92+2.67°  187.23%5.13°  25.01%3.79 68.50£0.33%
7 55: 0:45 84.12+0.63" 59.66+1.18  24.46+0.72¢ 98.66+1.46°  14.54+1.08° 67.58+0.30*¢
8 25:60:15 151.22+1.88° 93.46+4.15°  57.76£2.99° 166.39+3.94° 15.1742.16° 67.72+0.68%
9 10: 0:90 63.98+0.71° 41.70£0.08°  22.27+0.62%" 59.72+0.13" -4.26+0.83¢ 66.90+0.61°
10 40:30:30 112.066.60 72.54£6.39°  39.5240.54° 127.816.08° 15.75+0.68° 67.83+0.45%

F-value 630.404™"" 87.221™" 270844 453399 48.737°" 33777

Y RVU: Rapid Visco Unit.
2 A: brown rice, B: white rice, C: glutinous rice.
9 Mean=S.D.

Y Values with different superscripts within a same column are significantly different by Duncan's multiple range test at @<0.05.

RS

) Tp<0.05, " p<0.001.
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Fig. 6. Response surface plot on pasting characteristics of
blending cereals flour.

A: brown rice, B: white rice, C: glutinous rice.
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Table 8. Analysis of predicted polynomial equations for the quality characteristics of the cooked brown rice and the

blending cereals

Responses Model Predicted polynomial equations” R? F-value
Appearance Quadratic 3.11A+4.52B+4.92C+7.51 AB+5.42AC 81.12 617"
Flavor Quadratic 4.61A+4.58B+4.78C+4.96AB+3.96AC 9135 2633
Sﬁ:;:crtyeﬁsﬁcs Texture Special cubic  3.27A+6.18B+3.14C+5.40AC+24.04ABC 9428  11.05"
g:\ézr;)igbility Special cubic  3.62A+6.13B+4.48C+31.56ABC 7806 5.03"
L Special cubic  66.08A+77.75B+75.13C+6.85BC-56.36ABC 99.18 1447”7
Color a Quadratic 2.95A-1.54B-1.37C+1 48AB+1.92AC 9942 519
b Quadratic 20.91A+8.24B+11.10C+5.69AB 97.86  2.80
Hardness Quadratic 1784.00A+968.00B+592.00C-1580.00AB 91.21 573"
Adhesiveness  Quadratic -108.70A-174.40B-281.10C-466.30AB-605.80AC 8725 790"
Textural = g nginess Quadratic 0.93A+0.86B+0.86C-0.27AB 7000 415
characteristics
Cohesiveness ~ Linear 0.27A+0.36B+0.33C 62.14 575"
Chewiness Quadratic 456.8A+269.2B+238.9C-350.7AB-342.4AC 92.45 5.28"
Peak Quadratic 138.7A+199B+62.8C-84.7AC-121.2BC 99.52 4445
Trough Special cubic  80.6A+119.3B+36.5C-170.2ABC 99.80 3106
Pasting Break down Quadratic 58.51A+79.56B+24.09C-73.64AC-88.44BC 99.08  32.627"
characteristics  Fina] visc Quadratic 170.50A+215.62B+55.84C-16.43AB-83.62AC-88.78BC 99.97  100.33""
Set back Quadratic 30.60A+13.62B-6.46C+32.49BC 95.88 6.63"
Pasting temp  Linear 68.59A+68.08B+66.68C 9201 4032

D" A: brown rice, B: white rice, C: glutinous rice.
2 R% coefficient of determination.
D7 p<01, T p<0.05, 7T p<0.01, 7 p<0.001.
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Table 9. Optimization response for blending ratio of brown rice, white rice and glutinous rice with optimization goals.

Blending ratio(%o)

Response Optimization goals Prediction
Brown rice White rice Glutinous rice
Appearance Maximize (5.50-6.62) 5.66
Flavor Maximize (5.50-6.62) 5.68
34.55 42.71 22.74
Texture Maximize (5.50-6.62) 5.71
Overall acceptability Maximize (5.50-6.62) 5.95

7. Holge| s =& =gH|

SHHSS dn), win)) o] 231 19 ledlA] 794
Jd AAE Ui B 5490 o, & 243 2 T4
7132 %2 Z 3K maximization)Z A7 ko] dn|yte] 5=
HA &S St 7t wkge] HAs 21 #E
7} AQ] Table 32 22| Minitab Z & 13 9] w227
3} =75 o] g3lo] ke 550802 Ao, &

SH7F A 2k Hugkel 6.623S ERze R A3
o} 1 A3 HA E3HEE An| 34.55%, W] 42.71%, 3t
A 22.74%F A= o, o] ZEH|oA] L 5667, &F

Table 10. The characteristics of response variables in
optimized blending ratio of brown rice, white rice and gluti-
nous rice

Response variables Value"
L 74.17+0.10
Color a 0.10+0.20
b 12.63+0.78
Hardness(g) 892.75+19.66

Adhesiveness (g/sec) —251.334£52.45

Textural Springiness 0.83£0.05
characteristics  Cohesiveness 0.33+0.02
Chewiness 240.76+21.55

Ad/H -0.28+0.05

Peak (RVU) 146.54+2.21

Trough (RVU) 88.60+3.11

Pasting Break down (RVU) 57.9441.20
characteristics  Final visc (RVU) 166.32+3.76
Set back (RVU) 19.79+1.97

Pasting temp (C) 68.910.42

Y Mean+S.D.
2 Ad/H=Adhesiveness/Hardness.

5.68, =217t 5.714,
WK Table 9).
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