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Abstract

The changes of cooked rice stored in an electric rice cooker at different temperature were investiga-
ted using sensory and mechanical methodology. The desirability of cooked rice was deteriorated during
storage, particulary cooked rice stored at 80C had the lowest desirability. As the storage time increa-
sed, glossiness, clumpiness, adhesiveness, moistness and sweet flavor of cooked rice decreased but
browning and off-flavor increased. The higher storage temperature resulted in the lower in glossiness,
firmness, cohesiveness, moistness, sweet flavor and in the more browning, adhesiveness and off-flavor.
L and b values measured by Hunter Color Difference Meter were highly correlated with the sensory
glossiness and color.
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Table 1. Experimental design

Replication Block Treatment combination
(#Panel)  (#experiment) sequence’
1 1 1 9 10 5
3 8 10 4 3
2 6 10 2 7
2 2 7 10 5 3
1 10 6 1 8
3 4 8 10 2
3 3 10 8 4 3
2 6 2 10 7
1 10 5 1 9
4 3 8 4 3 10
2 2 6 10 7
1 9 5 1 10
5 2 3 7 10 5
1 8 6 1 10
3 4 2 9 10
6 3 3 4 10 8
1 5 10 9 1
2 6 2 7 10
7 3 4 10 9 2
1 6 10 1 8
2 5 3 10 7
8 1 10 8 6 1
3 10 9 4 2
2 5 3 10 7

Y9 stored samples and 1 control sample(# 10)
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Table 2. The techniques and terminologies for evalua-
ting the sensory properties of cooked rice

Stage 1. Evaluate kernel appearance.
Glossiness —degree of shinning on the kernel surface
Color —degree of white or brown color
Clumpiness (manipulate with spoon gently without
breaking kernels)
—degree to which kerneis adhere to one
another
Stage 2. Place a spoonful of sample in the mouth; chew
twice with molar teeth.
Firmness —force required to penetrate kernels with
molar teeth
Cohesiveness—degree to which kernels are compres-
sed between the teeth before it breaks.
Adhesiveness —degree to which kernels adhere to and
pack on the teeth during mastication.
Moistness —amount of moisture inside the kernel re-
leased upon chewing.
Stage 3. Place a spoonful of sample in the mouth; chew
with molar teeth three or more times.
Sweet flavor —degree of sweet aroma and taste origi-
nated from cooked rice.
Off-flavor — degree of off-flavor (rancid flavor) except
flavor originated from cooked rice.
Stage 4. Evaluate kernel appearance and place a spoonful
of sample in the mouth; chew naturally.
Overall desirability
—degree of goodness on the overall impression
of cooked rice.
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Table 4. The regression coefficients of the second order
polynomials” representing the relationship between in-

BT '
23 dependent variables and dependent variables”
A&tk P
Coefficients Y, Y2 Ys3 Y, Ys
ME EHH Bo —13972 —1847 -10042 —17.292 —12597
A& 80gg 134 petri dishel ©%, Hunter Color B —0500* —0.129 0.250 0.604** 0469
. = Ala3 g B2 -0.518* —0.172 —0.188 0.708** 0.344
Difference Meter(Model D25, USA)& AF4-3}e] L(light B _0003* 0002 —0002  —0005" —0004*
ness), a(redness) ¥ b(yellowness)zt-& Z7 33) ub2 g, 0006*  0.008% 0003 —0.011%** —0.006
st ZAAR che] AN st A=WE Pz 0.038***—0.009  —0016* 0004  —0.001
ﬂ%ﬁ'}ﬁt}m. R%(%) 79.22 91.29 79.34 88.12 7391
Coefficients Y, Y, Y Y; Y
W=100—{(100— L)+ (a+b)} ! : q -
Bo —11.028 —1569 —13931 16.556 —25.222
L Bt 0.165 0.179 0.558** —(.756*** 0.840***
BAXY EX Ba —0.167 -0349  —0286 0417 —0.135
Rheometer(Sun, CR-200D, Japan)& AF&3lo] 33 B 0000 —0002  —0.005*** 0.006*** —0.006**
B2 -0.001 —0.001 —0.002 0.007** —0.001
. B 0.005 0.005 0.010 —0.042** —0.001
Table 3. Instrumental conditions of rheometer for the RZzZ(%) 8547 74.95 83.39 92.29 68.75

texture measurement on cooked rice

AY;=Bo+ BrXi + BaXo + BuXi? + Pr2XiXe + BXe' +e Xy te-

MY, glossiness; Ys, color; Y; clumpiness; Y firmness ;
Y;, cohesiveness; Ys adhesiveness; Y; moistness; Y,
sweet flavor: Y,, off-flavor; Yy, overall desirability

* w22 Significant at p<0.05, p<0.01 and p<0.001, respe-

Conditions Hardness Adhesiveness mperature, X; time)
Plate speed 50 mm/min 10 mm/min
Plunger stainless steel lucite
(¢ 30 mm) (¢ 20 mm)
Deformation 1.7 mm 1.6 mm

ctively

Table 5. Effects of storage temperature and time on sensory characteristics of cooked rice”

Temp.(C) 60 70 80
Time (hr) 0 4 8 12 4 8 12 4 8 12
Characteristics
Glossiness 9.3" 5.9 4.0¢ 3.8¢ 6.1° 4.9 3.3¢ 5.9 351 3.5¢
0) (—34) (—53) (—55) (—32) (—44) (—60) (—34) (—58) (—58)
Color 1.7f 34¢ 4.39 4.7¢ 4.4°¢ 5.6° 6.8° 6.0¢ 7.4° 8.9
(1)) (17 ( 26) ( 30 (27 ( 39 ( 51 ( 43) ( 57 ( 72)
Clumpiness 8.8 6.3 5.9 4.6° 7.3 6.3 5.1¢ 7.1 6.6™ 5.9
0) (=25 (—29 (—42) (—=15) (=25 (—37 (—17) (—22) (29
Firmness 5.0¢ 7.9 7.3 8.0¢ 5.8¢ 6.8 6.8° 4.6% 4.1¢ 3.5
) (29 ( 23 ( 30 ( 08 ( 18 ( 18 (—04) (—09 (—15)
Cohesiveness 7.4 6.8 5.9¢ 6.1 5.6 5.4¢4 5.0¢ 3.8¢ 4.0° 3.1
0) (—06) (=15 (—13) (—1.8) (=200 (—24) (—36) (—34) (—-43)
Adhesiveness 7.0% 4.4% 4.4% 4.1¢ 6.9 6.5 5.0¢ 9.1¢ 7.4° 7.5°
[(©) (—26) (26 (29 (=01 (=05 (—200 ( 21 ( 04) ( 05)
Moistness 8.8 6.5" 6.4° 4.6 6.8° 5.1¢ 4.3% 6.3 4.1% 3.5¢
) (—23) (—24) (—42) (—20) (=37 (—4.5) (—25) (—4.7) (—53)
Sweet flavor 9.8" 6.1° 6.0° 5.0° 6.6° 49 4.8¢ 4.8° 3.5% 3.1°
0 (=37 (—38) (—48) (-32) (-49 (=50 (-50) (-63) (=67
Off — flavor 1.5¢ 3.6¢ 4.6° 5.1° 5.0° 6.1° 6.4° 6.4° 94* 9.9
()] (2D (3D (36 (35 (46 ( 49 ( 49 ( 79 ( 84)
Overall 7.9 5.4° 4.4 3.9% 5.1° 4.9> 3.5¢ 4.0% 3.0 2.5%
desirability 0) (=25 (=35 (—40) (—28) (=300 (—44) (=39 (—49 (=54

“Means with different letters within the same row are significantly different
1 to 9 or 11, the intensity of sensory characteristics increase. The values in
scores between tne stored and the fresh cooked rice

(p<0.05). As the value increase from
the parenthesis are the difference of



490 gh-A]E 98] 2] Al 25 W Al 5 & (1993)
Glossiness Color Clumpiness
2 4 2]
*¢+‘0***”“+H“”* DUGL o
1 2 DUOD LT i u,*“““‘ e
Ll Lot b« .“"',.
0 P o .-t
T LR ‘*c.,“ 0 oo UU‘ . “’*,4 . DUUQEOU
o i Lt H
0 QDUDDDDDUDDDDDD . 13 et “.‘*‘ 1 DODDODOG
Dgﬂ —Z ”‘ + DDDD
i : i
-2l . . £ e boo-zy R )
60 70 80 60 70 80 60 70 80
Firmness Cohesiveness
3 ] 2
L. ‘
I Phgse,,
1}:”‘3??:” 1 ODDr35~:'o
i ¥ Yo, ) OU;, : [
i ‘3;“‘ 0 DD;'.‘u'
v -1 I Colwts
= Bac B a =% 4
§ K DDD‘”
el e T
E’ 60 70 80 60 70 80
%] . .
8 Adhesiveness Moistness
1) 3 ‘ 2 ;
N 1
1 RS RLE !u. fry
A [T
R 0: e
RN ! fee
-1 .¢‘. ;DUD \“LJ‘DU:)r,
"DD -1 “USUD
of og
(<8
-3 S 2
60 70 80 60 70 80
Sweet flavor Off-flavor Qverall desirability
2 s 4 2{
fe Q . + +
1‘V*““ +"* u[:‘ 1, ++ AR .
: o . 2 0" AR oy *’¢
0 JDUDD:DD:j T 2Ot . d * *a, s
“Pos . UDT' e 0 gooaa T . T
-1 Sn * . 0 0f = R Ho Ooggy .
So | g o Qag N
. ) ”QQQ L+ o =,
-2 c aw L -1 Uy
-2 Lt * DDL
st
-3 L S e S T e T T T T -2 G e e A |
60 70 82 60 70 80 60 70 80
Temperature(T)
Fig. 1. Changes of sensory characteristics of cooked rice during storage
+++; 4 hr, **%; 8 hr, _ i 12 hr
Sensory scores indicate the difference of scores between the stored and the fresh cooked rice
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Table 6. Correlation coefficients between each sensory characteristics® (n=96)

Yl YZ YS Y4 Y5 YG YT YP! Y‘) Yl()
Y: 1.000
Y, —0.760* 1.000
Y; 0.864** —0.435 1.000
Y, —0314 —0283 —0.695* 1.000
Ys 0531  —0906**  0.175 0.508 1.000
Ys 0.392 0.255 0.674* —0.901** —0.552 1.000
Y, 0.9256** —0.828**  0.793* -—0.144 0.608 0.208 1.000
Ys 0.887** —0.931*  0.686* —0.037 0.795* 0.015 0.918 1.000
Yo —0.733* 0.964** —-0364 —0353 —0.895** 0295 —0807** -0.898* 1000
Yo 0.923** —0.890**  0.705* -—0.029 0.783*  0.062 0.929**  0.960** -—0.877**  1.000

3Y,, glossiness; Y, color; Ys clumpiness; Y, firmness; Ys cohesiveness; Ys adhesiveness; Y;, moistness; Ys sweet

flavor; Yo, off-flavor; Yy, overall desirability

*wxwex Significant at p<0.05, p<0.01 and p<0.001, respectively

Table 7. Changes of Hunter color values® of cooked
rice stored at various temperature with different time

Storage Storage time(hr)
Property .
temp.(C) O 4 8 12

L 60 86.21° 8570" 81.7% 81.57°
70 86.21* 8547  81.30° 81.27°

80 86.21° 8530  80.231 81.37¢

a 60 —6.42° —663 —387° —3.21°
70 —642> —673* —-353 —3.23°

80 —642> —647° —-3.07" —3.00°

b 60 10.77¢  11.27° 1157 12.13¢
70 10.77¢ 11.23* 1177 12.33

80 10.77¢ 11270 1240° 13.17¢

W 60 81.86° 81.07° 74.03 72.63¢
70 81.86" 8097°  73.07° 72.17¢

80 81.86°  80.50°  70.90° 70.90¢

“Means with different letters within the same row are
significantly different (p<0.05)
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Table 8. Changes of hardness® and adhesiveness” of
cooked rice storedat various temperature with different
time

Storage temp. Storage time(hr)

Property ) 0 4 8 12
Hardness 60 27.27° 27.08° 31.00¢ 30.12°
N) 70 27.27* 2717* 2737% 28.15°
80 27.27*24.33" 25.51" 28,65
Adhesiveness 60 0.174* 0.122* 0.1500 0.132*
(m]) 70 0.174> 0.175° 0.209¢ 0.163%
80 0.174* 0.192* 0.178 0.222¢

2Means with different letters within the same row are
significantly different (p<0.05)
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Table 9. Correlation coefficients between sensory characteristics and mechenical measurement (n=30)

Sensory Hunter color value Rheometer
characteristics L a b w Hardness Adhesiveness
Glossiness 0.802*** +0. 75”"** —0.732%** 0.738*** ~0.179 —0.072
Color —0.658*** 0.612*** 0.779*** —0.637*** —0.169 0.285
Firmness 0.041 —0.017 —0.234* 0.098 0.401** —0.310**
Cohesiveness 0.434*** —0.389** —0.549*** 0.407** 0.217* —0.231*
Adhesiveness 0.189 —0.235* -0.035 0.163 —0.398** 0.352%*

*xk ek Significant at p<0.05, p<0.01 and p<0.001,
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