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Optimizing of Eomuk Manufacturing Condition Utilizing Rice Material
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Abstract

The purpose of this study is to optimize the rice starch and rice protein content ratio for the replacement of fish
paste in eomuk using a response surface methodology. The experiment was designed based on the independent vari-
ables. The rice starch content (X;: 10, 20, 30%) and rice protein content (X,: 1, 3, 5%) were examined, along with
the viscosity (Y,), color (Y,: L, Y5: a, Y,: b), and sensory evaluation of the dough (Y,: Color, Y, Flavor, Y,: Off
flavor, Yg: Taste, Y,: Hardness, Y,,: Cohesiveness, Y,,: Springiness, Y,,: Chewiness, Y ;: Overall acceptance), with
the results being set as dependent variables. The p value of Y|, Y,, Y5, Y;, Yo, Y, Yy, Y,y and Y; showed a
level of <0.05 excluding Y, and Y. R? value was high at 0.80-0.95 so that these rice starch and rice protein contents
were significantly affected in terms of the quality and sensory preference of eomuk; therefore, the optimal conditions
of X, and X, were 19.99% and 2.91%, respectively. Under these optimal conditions, the predicted values of accep-
tance were Y (5.44), Y, (5.36), Y, (5.22), Y,, (5.46), and Y,; (6.11). These results will be the basis for building
a method for obtaining a rice material. Also, they are expected to promote rice consumption through the develop-

ment of processed foods using rice material.
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Defatted rice flour 1 kg + 0.2% NaOH 1.5 kg

8

Homogenized 1 hour

)

Centrifuged 8,000 rpm, 10 min

l
Seperated supernatant and residue
) )
supernatant residue
Adjusting pH 4.5 0.1 M HCI Washing 0.2% NaOH
) )
Centrifuging Removing the protein
) )
Neutralizing (pH 7.0) residue Neutralizing (pH 7.0) residue
)
Freezing dry

Fig. 1. Process for rice starch and rice protein extraction.
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Table 1 Experimental design of ingredients ratio for ball-eomuk
manufacturing

No." X, (Rice starch, %)? X, (Rice protein, %)
1 20(0) 5(+1)
2 30(+1) 3(0)
3 10(-1) 3(0)
4 10(-1) 5(+1)
5 20(0) 3(0)
6 30(+1) 5(+1)
7 20(0) 3(0)
8 30(+1) 1(-1)
9 10(-1) 1(-1)
10 20(0) 3(0)
1 20(0) 1(-1)

DThe number of experiment conditions by central composite design for
manufacture.

PX,: Rice starch (%) and coded level, X,: Rice protein (%) and coded
level.

Table 2 Ingredients of ball-eomuk manufacturing

Pastes Egg Onion and
No.” Fishand  Rice Rice protein White (2 carrot

shrimp (g)? starch (g)  (g) (® (8
1 231 61.6 15.4 60 2 30
2 206.4 92.4 9.2 60 2 30
3 268 30.8 9.2 60 2 30
4 261.8 30.8 15.4 60 2 30
5 237.2 61.6 9.2 60 2 30
6 200.2 92.4 15.4 60 2 30
7 237.2 61.6 9.2 60 2 30
8 2125 924 3.1 60 2 30
9 274.1 30.8 3.1 60 2 30
10 237.2 61.6 9.2 60 2 30
11 243.3 61.6 3.1 60 2 30

DExpetiment conditions, refered to <Table 1>,
PPollack : shrimp (2:1)
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Table 3 Viscosity of paste and color of ball-eomuk with the
experimental design

Responses
No." Viscosity (Y) Color
cP L (Y) a(yy) b(Y)
1 14,867%1,262% 47.73+0.45° 3.35+0.50® 12.32+0.31%
2 33,834%2,090° 48.09+0.46° 2.03+0.19° 12.17+£0.31%
3 7,567+398%  50.3340.74° 2.71£0.35" 12.04£0.21°
4 8,133+4,759% 47.92+1.16° 3.14%0.42™ 12.50+0.13°
5 11,634£725° 49.94+0.56" 2.82+0.17°¢ 12.07+0.18°
6 42,609+1,434° 42.12+0.78° 3.48+0.58° 12.86+0.12°
7 11,600+288°  49.90+0.36" 3.19+0.26™ 12.06+0.30°
8 25367%3532° 50.02+0.40° 2.94+0.53%¢ 11.10%0.30¢
9 5,567+ 127¢ 53.131+0.67° 2.10+0.33°  9.741+0.43°
10 12,300£296%  47.73+0.45° 3.05+0.53™ 12.05+0.20°
11 10467£456"  53.18+0.31% 2.53+0.36% 10.80=+0.32¢

DThe number of experiment conditions by central composite design for
manufacture.

P All values are mean+SD.

**Means with different superscripts in the same column are significantly
different at p<0.05 by Duncan’s multiple range test.
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Table 4 Regression analysis on the viscosity of paste and color of ball-eomuk

Response Model F-value p value R? Polynomial equation
Viscosity (Y,) Quadratic 15.02 0.005 0.93" 18609 — 1453A% — 3887B + 51.2A% + 307B* — 183AB
L (Yy Quadratic 4.88 0.053 0.83  53.63 +0.053A — 0.98B — 000277A + 00588’ — 00336AB
a(Y,) Quadratic 2.39 0.181 0.70  0.60 +0.1728A + 0.231B — 0.00359A> +0.0108B* - 0.00625AB
b (Y, Quadratic 7.25 0.024 0.75  8.07 +0.1396A + 1.151B — 0.00177A% — 0.0806B> — 0.0125AB

D)<R?<1, close to 1 indicates regression line fits the model.
PA: Rice starch content (X,), B: Rice protein content (X,)

T pewten
e

(A) : Viscosity (Y)

protein

stach

(B) : L value (Y>)

Fig. 2. Response surface plot of viscosity (Y,) and L value (Y,) according to the starch contents (%) and rice protein contents (%).
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Table 5 Acceptance test of ball-eomuk with the experimental design

Responses

No.” Color Flavor Off- flavor Taste Hardness  Cohesiveness Springiness  Chewiness Ovetrall

(Y) (Yo (Y,) (Yy) (Yo) (Y,) (Yo) v
1 5.00£0.63™ 3.91+0.94°  4.09£1.30™ 4.00+1.00° 3.27+0.65¢  4.09+0.54  4.09£0.70®° 4.36+1.03®  4.09+0.70%
2 427+1.01  4.27+090™ 3.00£0.89°  4.09+£0.70* 3.45+1.13¢  3.64+1.29°  3.27+0.79°  3.55+1.21"  3.64+0.92¢
3 4.82£1.17  445+0.82%  3.36+1.69°  4.45+121%  527+£1.19®  4.18+0.98° 4.91+£1.30°  4.36+1.12%  4.55+0.93%
4 4.64+1.03  4.09+0.70™  3.64£1.29%  4.55+1.75*  4.55+£0.04* 4.45£1.13"  4.55+1.04 4.18+0.98™  4.09+1.22%
5 573090  5.73£1.01°  5.36+0.81*°  5.18t1.25%  536£1.50° 5.18t1.40°  5.09+£122*  5.09+1.14°  6.64£1.29°
6 455151 445£1.04®  3.18+£0.87° 3.36:1.86°  4.18+1.40 3.82+0.87°  3.64+£1.50* 3.64+1.63°  4.64+£0.92%
7 5.18+0.87  5.55t1.13°  5.18£1.66° 5.91+1.22°  5.73+£1.01°  5.18+1.08  4.64£0.67°  5.09+0.94°  6.00+£1.34%
8  4.82+0.87  5.00£1.18®  4.64+0.92% 4.00£1.26™ 3.82+0.87° 3.64+1.12°  3.64+0.92% 3.36+1.03°  4.00+1.00¢
9  5.00£1.00  4.82+0.87™ 4.09+1.51* 5.09+1.04® 4.73£1.10™ 4.36+0.81" 5.00£1.10°  4.00£1.10®  5.09+1.22"
10 5.45+0.93  4.91£1.04° 536£1.57°  4.91£1.30° 527+1.19%  5.09+£1.30°  5.09+1.22°  5.00£1.00°  5.91+1.14®

11 52741.10  4.91+1.04®  4.82+1.17% 4.27+0.79%*  4.55£1.21% 4.45+1.51®  427+1.35% 427+1.19®  5.09+1.22%

DThe number of experiment conditions by central composite design for manufacture.
YAl values are mean+SD.
*dMeans with different superscripts in the same column are significantly different at »<0.05 by Duncan’s multiple range test.

Table 6. Regression analysis on the acceptance test of ball-eomuk

Response Model F-value  Prob<F R? Polynomial equation

Color (Y5) Quadratic 9.13 0.015  0.90" 3.209+0.2172A%+0.127B - 0.005612A* — 0.0355B + 0.00113AB
Flavor (Y,) Quadratic 4.16 0.072 0.80 2.726 +0.2193A + 0.376B — 0.00533A” — 0.0982B” + 0.00225AB
Off flavor (Y,) Quadratic 11.31 0.009 0.91 -0.669 +0.5239A + 0.518B — 0.01180A> — 0.0750B - 0.01262AB
Taste (Y,) Quadratic 2.66 0.153 0.72 3.00 +0.161A + 0.727B — 0.00472A* — 0.1334B> — 0.0012AB
Hardness (Y) Quadratic 22.62 0.002 0.95 2.834+0.2115A + 0.617B — 0.00676A* — 0.1276B* + 0.00675AB
Cohesiveness (Y,,) Quadratic 7.38 0.023 0.88 2.044 +0.2426A + 0.543B — 0.00661A” — 0.0968B>+ 0.00112AB
Springiness (Y,) Quadratic 22.46 0.002 0.95 4.033+0.0961A + 0.358B — 0.004191A* - 0.0857B*+ 0.00563AB
Chewiness (Y,,) Quadratic 8.42 0.018 0.89 3.496 +0.1566A + 0.219B — 0.00585A” — 0.0866B” + 0.01375AB

Overall acceptance (Y,;)  Quadratic 9.53 0.014 0.90 1.66 +0.3923A +0.501B — 0.01146A” — 0.1691B* + 0.0200AB

1’0£R2£ 1, close to 1 indicates regression line fits the model.
YA: Rice starch content (X,), B: Rice protein content (X,)
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Fig. 3. Response surface plot of acceptance test (Y5-Y,;) according to the starch contents (%) and rice protein contents (%)
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Fig. 4. The microstructure (x500) of the ball-eomuk according to the starch contents and rice protein contents. "Refered to Table 1.
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Table 7. Variables for optimization of ball-ecomuk manufacturing
condition

Constraints name Goal Ngm_e rlqal
optimization
Independent Rice starch (X)) In range 19.99
variables  Rice protein (X,) In range 291
Viscosity (Y,) Inrange 11,999
L value (Y,) In range 49.27
Color (Y5) Maximize 5.44
Resporises Flavor (Yy) Maximize 5.36
ons .
(d eprén dent Off flavor (Y,) Maximize 522

Maximize 5.46
Maximize 5.08
Springiness (Y,) Maximize 492
Chewiness (Y ,) Maximize 4.99
Overall acceptance (Y ;) Maximize 6.11

variables) Sensory Hardness (Y,)
preference Cohesiveness (Y,,)
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