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Optimizing Cooking Condition of Short Grain Rice Containing Sea-tangle Patch
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'Faculty of Food Science and Biotechnology, Pukyong National University, Busan 608-737, Korea
ZFaculty of Mathmatical Science, Pukyong National University, Busan 6058-737, Korea

Abstract

Response surface methodology on sensory evaluation was used to optimize cooking condition of cooked short
grain rice (CSR) and cooked short grain rice containing grainy sea~tangle patch (CSTR). Texture profile anal-
ysis and nutritional evaluation were also performed. For maximizing overall acceptability, it can be predicted
sea—-tangle patch 14%, added water 1.67 times of rice and sea-tangle amount and steeping time 47 min as
optimum cooking conditions from sensory evaluation conducted by the forties panelist. Hardness of pressure
cooked short grain rice containing grainy sea-tangle patch (CSTR) were lower than cooked short grain rice
(CSR), but it showed similar as CSR in adhesiveness, chewiness and higher in springiness and cohesiveness.
In addition CSTR was delayed retrogradation compared with CSR. The nutritional quality of CSTR showed
higher level in total dietary fiber, protein, ash than CSR, but lower in protein digestibility, C-PER, gelatinization
degree compared with CSR.

Key words: cooked short grain white rice, grainy sea-tangle patch, response surface methodology, sensory evaluation,
textural profile
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Table 1. Independent variables and their levels for central composite design

Coded variable levels

; T ; D

Independent variables  Unit for variables Symbol 21632 ) 0 1 1.682
Sea-tangle patch % Xy 0 341 3.41 13.41 16.82
Water cc Xz 399.54 420 450 480 500.46
Steeping time min X3 13.18 20 30 40 46.82

Xy Percentage of sea-tangle patch, X»* Amount of added water, X3 Steeping time of sea-tangle patch.
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Table 2. Central composite design arrangement and responses by the twenties

)

Exp. 10 Variable levels Response'
] X1 Xo X3 Y, Yy Y3 Y, Ys Ys
1 -1 -1 -1 4.2 3.8 35 2.7 2.0 2.7
2 -1 -1 1 3.6 34 3.2 2.8 2.5 3.0
3 -1 1 -1 29 3.7 3.7 34 3.9 39
4 -1 1 1 2.9 3.6 39 4.1 4.6 39
5 1 -1 -1 1.3 1.2 1.4 1.8 1.6 1.2
6 1 -1 1 2.3 29 1.8 16 1.2 14
7 1 1 -1 25 2.2 2.1 2.1 1.8 1.8
8 1 1 1 24 2.7 36 3.2 3.7 29
9 0 0 0 3.0 2.7 35 34 38 3.4
10 0 0 0 3.0 3.1 22 2.1 1.2 1.8
11 -1.682 0 0 38 39 4.2 3.9 4.1 38
12 1.682 0 0 2.3 2.0 25 2.4 2.6 2.2
13 0 -1.682 0 3.3 3.1 2.6 3.1 2.9 3.2
14 0 1.682 0 36 36 38 34 43 3.7
15 0 0 -1.682 38 4.0 3.9 38 3.7 3.9
16 0 0 1.682 38 39 36 3.9 35 4.0

1)Y1=flavor, Y2=color, Ys=glossiness, Y:=taste, Ys=adhesiveness, Y¢=overall acceptability.

Each value represents mean of 10 sensory scores.

Table 3. Central composite design arrangement and responses by the forties

E Variable levels Reslonsel)

*p- o Xi X2 X3 Y Yo Y Y4 5 Yo
1 -1 -1 -1 37 3.7 35 3.8 40 42

2 -1 -1 1 35 3.2 3.8 3.7 4.2 3.7

3 -1 1 -1 33 32 3.2 32 37 33

4 -1 1 1 3.2 3.0 35 3.8 45 3.3

5 1 -1 -1 25 2.0 2.2 22 1.8 2.0

6 1 -1 1 2.8 25 2.0 15 15 15

7 1 1 -1 3.2 3.0 3.0 23 25 2.3

8 1 1 1 35 35 35 3.0 3.2 3.0

9 0 0 0 35 35 2.8 2.5 2.8 2.7
10 0 0 0 3.3 3.3 3.2 2.7 2.5 2.7
11 ~-1.682 0 0 3.0 3.2 3.3 35 42 3.7
12 1.682 0 0 3.8 2.7 2.3 17 2.0 2.0
13 0 -1.682 0 4.0 35 3.0 22 22 2.3
14 0 1.682 0 3.7 3.8 4.3 3.7 4.2 3.8
15 0 0 -1.682 35 37 3.7 35 3.0 3.3
16 0 0 1.682 33 35 3.0 3.0 3.3 32

YShown as Table 2.
Each value represents mean of 6 sensory scores.
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Table 4. RSM program-derived polynomial equation by the twenties
Response Polynomial equation Rr2" P-value
Flavor Y1=3.4449-0.5355X,-0.0032X3 + 0.0363X5-0.1799X,°-0.0274X," + 0.0963X 5" 030 <0.0001
+0.3880X,X; +0.1686X1X3-0.0880X X3 ' '
Color Y,=3.4602-0.6069X; +0.1393X5 +0.1170X5-0.1241 X,* + 0.0459X," + 0.2580X 5 0.44 <0.0001
+0.0793X:1 X2+ 0.3173X1X3-0.1293X X3 -
o _ : 2 X2 2
Glossiness Y 3=3.1158-0.5624X; +0.4222X> +0.1258 X3+ 0.0163X,"-0.0155X5" + 0.1789X3 0.43 <0.0001
+0.1471X1X2-0.2065X: X5+ 0.1529X2X 3
Taste Y,=2.6805-0.5013X; +0.3359X2 +0.1283X5-0.0221X,° +0.0195X5° + 0.2316 X5 032 <0.0001
+0.0020X1X2-0.0104X X3+ 0.2480XXs ' '
Adhesiveness V=2.5821-0.5751X, + 0.6904X2+ 0.1687X;3+0. 1672X,°+0.1686X2>+0.2040X5° 0.46 <0.0001
~0.1551X, Xz +0.0327X, X3+ 0.3301X:Xs ' '
V- o_ _ 2 2 2
Overall acceptability Y5=2.8175-0.6628X; + 0.3795X> +0.1344X3-0.0554X:" +0.0937X;" + 0.2704X 5 041 <0.0001
~0.0084X X2 +0.1072X:1 X5+ 0.0834X X5
UCoefficient of determination.
Table 5. RSM program-derived polynomial equation by the forties
Response Polynomial equation Rz P-value
V= _ _ - 2 2_ 2
Flavor Y 1=3.4333-0.0259X; +0.0143X2-0.0027X3-0.0807X,° +0.0784X:"-0.0963X 3 0.44 08193
+0.3880X: X2 +0.1686X1X3-0.0807X X5
V= _ = B _ 2_ 2 2
Color Y 5=3.4372-0.2153X; +0.1321X2-0.0027X3-0.2493X;™-0.0018X>"-0.0195X3 0.83 0.0850
+0.3375X1 X + 0.2125X1X3+0.0375X:X3
Vo= B o _ 2 2 2
Glossiness Y 3=3.0188-0.3648X +0.2846X-0.0203X3-0.1161X,"+0.1843X>" +0.0783X3 087 0.0447
+0.3625X1X>-0.0375X1 X3+ 0.0875X2X3
Tuste Y =2.6015-0.6244X; +0.2653X2-0.0250X5-0.0037X:” + 0.1200X2" +0.2260X5" 0.93 0.0082
+0.2625X:1X2-0.0625X, X3+ 0.2625X2X3 ’
o e - 2 2 —
Adhesiveness Y 5=2.6505-0.8127X; +0.4220X2+0.1394X3+ 0.1579X,°+0.1932X>" +0.1755X 3 096 0.0021
+0.3000X:1X2-0.0750X,; X5+ 0.2000X2X5
o Eo_ y 2 2 2
Overall acceptability Y 5=2.7152-0.6267X; +0.2213X3-0.0343X3+0.0161X;" +0.0868X," +0.1575X3 091 0.0146

+0.3875X1 X2+ 0.0875X:1 X2+ 0.2125X: X3

YCoefficient of determination.

Table 6. SAS output of ANOVA table for overall accept-

ability by the twenties

Table 7. SAS output of ANOVA table for overall accept-

ability by the forties

Rearession

Covariates
Linear
(Quadratic
Crossproduct
Total Hodel

Residual

Lack of Fit
Pure Error
Totai Error

Response Surface for Variable y6

Response Mean 2.925487
Root (J.966933
R-Square 0.4060
Coefficient of Yariation 33.0063
Type | Sum
DF of Sguares  R-Square  F Wslue
1 1.282965 0.005! 1.37
3 80.053215 0.3508 28.54
3 9.873166 0.0433 3.52
3 1.439665 0.0063 0.51
10 92.655211 0.4060 9.81
Sum of
OF Squares Mean Square  F Yalue
136 119.569148 0.879185 0.49
3 16.000000 1.797718
145 135.569148 00.934960

Pr > F
0.9587

Response Surface for Yariable vb

Response Mean 2.937500
Root MSE 0.358450
R-Square 0.9116
Coefficient of Variation 12.2026
Type | Sum
Rearession DF of Squares  R-Square  F Yalue Pr>F
Linear 3 §.049170 0.6933 15,69  0.0030
{uadratic 3 (0.273661 0.0314 0.71  0.5805
Crossproduct 3 1.623750 0.1863 4,21 0.063%
Total Model 9 7.946581 0.9116 6.87 0.0145
Sum of
Residual OF Squares Mean Square
Total Error 6 0.770919 0.128486
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Table 8. Texture profile analysis of cooked short grain white rice (CSR) and CSR containing grainy sea-tangle patch (CSTR)

Sample” Hardness (kg) Adhesiveness (g/sec) Springiness (mm) Cohesiveness Gumminess Chewiness
CSR 1 12.11+0.27 429+14° 0.12=0.00° 0.17+0.01° 1995+ 102" 236+ 19"
CSR 1-30 min 126740.14% 46521 0.13+0.02™ 0.20+0.01° 2445+ 121° 329+32°
CSR 2 7.39+0.42° 501£13° 0.10+0.00° 0.15£0.02° 1080+ 182° 105+26¢
CSR 2-30 min  9.96+0.42° 46531 0.13+0.00" 0.20+0.01° 2004+119° 265+ 28"
CSTR 7.01+0.41° 423+2° 0.15+0.01* 0.20%0.02° 1390 +087° 204 +25%
CSTR-30 min  807%0.36° 452421 0.16+0.00° 0.20%0.01° 1612+ 125° 246+ 23>

YCSR 1: Pressure cooked short grain white rice at 1.7 kg/em? CSTR: Pressure cooked rice using short grain white rice and
sea—tangle patch mixture (86:14, w/w). CSR 1-30 min: Checked after 30 min standing. CSTR-30 min: Checked after 30 min standing.
CSR 2: Cooked at atm (0.9~1.0 kg/cm?). CSR 2-30 min: Checked after 30 min standing.

?Value represents mean+SD of triplicate analysis.

¥Mean in the same column with different superscripts are significantly different.

Table 9. Proximate composition, NaCl and total dietary fiber content of sea-tangle, CSR" and CSTR?

% (dry basis)

Carbohydrate Total dietary

Moist in" Lipid h" " " o *

orsture Protein o As Non-fibrous® Crude fiber fiber NaCl
Dry 14.0940.12 947%x0.02 1.02£0.01 2159£0.15 53.83+0.21 3.78%0.25 34.48+0.01 7.05£0.12

sea-tangle e (11.02) (1.19) (25.13) (62.69) (4.40) (40.13) (8.20)
Sea-tangle 980+0.11 10.37£0.01 1.08=0.01 24.45%10.23 54.94+0.32 3.860.21 37.23+0.25 745%0.13

patch U (11.50) (1.20) (27.11) (60.92) (4.28) (41.28) (8.25)
4.37=0.01 0.50%=0.01 0.07%=0.01 36.91£0.23 0.10+0.01 0.30%£0.01 0.07=0.01

o .

CSR 58192032 714 45 (1.19) ©.17) (88.28) (0.24) 0.71) (0.16)
472£0.01 0.51%+0.02 2.41%0.01 34.21£0.35 0.94=0.01 5.40+0.03 1.04%0.02

= +
CSTR  57.222021 (4 g3 (1.19) (5.63) (80.09) (2.19) (12.62) (2.43)

YCSR: Cooked short grain white rice.

ICSTR: Cooked rice using short grain white rice and sea-tangle patch mixture (86:14, w/w).

“Significantly different compare CSR with CSTR (p<0.05).
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Table 10. In vitro digestibility and computed protein effi-
ciency ratio (C-PER) and gelatinization degree of CSR and
CSTR"

In vitro B Gelatinization
digestibility (%) C-PER degree (%6)
ANRC casein 90.00 2.50 -
CSR 1 86.24 2.44 93.3+1.3"
CSR 2 87.94 2.43 942+21°
CSTR 81.28 2.34 825+4.1°

YCSR 1: Pressure cooked short grain white rice at 1.7 kg/cm®.

CSR 2: Cooked at atm. (0.9~1.0 kg/cm?).

CSTR: Cooked rice using short grain white rice and sea-
tangle patch mixture (86:14, w/w).
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