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This study aimed to optimize the formulation of Cheongpomuk, a traditional Korean mung bean starch gel, supplemented with
green laver powder using response surface methodology (RSM). A central composite design was employed to investigate the
effects of two independent variables, green laver powder and mung bean starch, on the physicochemical properties, antioxidant
activity, texture characteristics, and sensory attributes of Cheongpomuk. Experimental data were fitted to second-order polynomial
models to evaluate the relationships between formulation variables and response parameters. Significant effects of the formulation
variables were observed with respect to pH (p<0.05), syneresis (p<0.01), color values (L', p<0.01; a* and b’, p<0.001), texture
properties including hardness (p<0.001), gumminess (p<0.01), and brittleness (p<0.01), as well as sensory attributes including
appearance (p<0.01), color (p<0.001), moistness (p<0.05), and taste (p<0.05). The incorporation of green laver powder also
enhanced the antioxidant activity, as determined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay.
Numerical and graphical optimization predicted that the optimal formulation consisted of 1.51 g of green laver powder and 52.20
g of mung bean starch. These findings show that the optimized formulation improves the physicochemical, functional, and
sensory qualities of Cheongpomuk, providing a scientific basis for developing of value-added traditional starch gel products with

enhanced health functionality while promoting the utilization of marine-derived food resources.
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Table 1. Coded independent variables used in RSM design for Cheongpomuk prepared with green laver powder and mung

bean starch
Coded-variables
Independent variable Symbol
—a -1 0 +1 +a
Green laver powder (g) X, 0.79 1.0 1.5 2.0 2.21
Mung bean starch (g) X 47.93 50 55 60 62.07
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Table 2. Formulas for the manufacture of Cheongpomuk prepared with different mixture ratio of green laver powder and

mung bean starch

Variables"
Sample No. Water (g) Salt (g)
Xi (2) Xs (2)
1 1.0(—1) 50(—1)
2 1.0(—1) 60(+1)
3 2.0(+1) 50(—1)
4 2.0(+1) 60(+1)
5 0.79(—q) 55(0)
6 2.21(+a) 55(0) 400 0.2
7 1.5(0) 47.93(—q)
8 1.5(0) 62.07(+a)
9 1.5(0) 55(0)
10 1.5(0) 55(0)
11 1.5(0) 55(0)

Y X,: Green laver powder, X,: Mung bean starch.
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Fig. 1. Appearance of Cheongpomuk prepared with green laver powder and mung bean starch by central composite design.
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HEAERT ¢ 2 202 Jehyt) g A
7155 pH7L EutetA oAty FAA o] &
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Table 3. Physicochemical properties and DPPH of Cheongpomuk prepared with green laver powder and mung bean starch

at various conditions by RSM

Variables” Responses

Sample Color
No. X1 (g) X (g) Water content (%) pH Syneresis (%) " K - DPPH (%)
1 1.0 50 80.07+1.207  6.57+0.16°  8.76+0.35*  47.24£0.42° —7.52+0.15® 6.30£0.19"  63.22+0.74°
2 1.0 60 88.35+0.92 6.65£0.01°  6.19£0.48°  47.19£0.37° —7.48+0.04® 6.2120.18"  53.65+0.93
3 2.0 50 89.95+0.08 6.71£0.00°  8.65+0.49°  42.72+0.06" —7.73+0.12% 10.62+0.13*  51.72+0.78°
4 2.0 60 89.16+0.45 6.70£0.01°  5.07+0.18"  43.39+0.27° —7.81+0.04% 10.23+0.21°  57.09+0.93°
5 079 55 90.91+1.17 6.61£0.37°  5.77+0.67°  50.33£0.52° —7.39+0.01° 4.33+0.11%  54.20+1.04°
6 2.21 55 90.17+0.46 6.67+0.01°  8.82+0.39°  43.65:0.59° —7.86+0.14% 10.40+0.12" 60.12+1.65°
7 1.5 4793 90.66+0.06 6.69£0.02°  8.39+0.37"  47.45£0.37° —7.61+0.89™ 8.57+0.19°  59.99+1.40°
8 1.5 62.07 91.38+5.47 6.610.01  4.13£0.38¢  47.2240.26° —7.75+0.12°" 8.59+0.17* 64.26+1.09"
9 1.5 55 88.94+0.09 6.54+0.15°  7.91+0.26™  47.55£0.40° —7.89+0.03%* 8.81£0.24°* 59.30+0.55"
10 15 55 90.07+0.50 6.55+0.02°  7.31£0.09%  47.54£037° —7.96+£0.05° 8.99+0.14 59.91+0.41°
11 1.5 55 88.97+0.14 6.56£0.01°  6.97+0.25°  47.58+0.38" —7.95+0.05° 8.90+0.22° 58.67+0.74™
F-value 0.889 352567 52.320™" 106.2017"  15.004™ 369.356™" 46.178"™

Y X,: Green laver powder, X,: Mung bean starch.
? Mean+S.D.

3 278 Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.

9 p<0.001.
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Table 4. Analysis of predicted model equation for physicochemical properties and DPPH of Cheongpomuk prepared with

green laver powder and mung bean starch

Responses Model R’ F-value  p-value Polynomial equation”
Water content ) - - - -
pH Quadratic  0.8479  5.58™ 0.0412  Y,=6.55+0.0343X,; —0.0054X, —0.0225X, X,+0.0478X,% +0.0532X,"
Syneresis Linear 0.7576  12.50"  0.0035  Y;=7.09+0.3860X;—1.52X,
L Linear 07515  12.10"  0.0038  Y,=46.53—2.22X;+0.0369X;
a’ Quadratic  0.9779  44.18™  0.0004  Ys=7.93—0.1503X;—0.0297X,—0.0300X, X, +0.1575X,*+0.1314X,’
b Quadratic  0.9919  121.94™  0.0001  Y=8.90+2.11X,—0.0565X,—0.0750X,X,—0.6725X,>—0.0698X,>
DPPH 2F1 0.3682 1.36 03310  Y7=58.38+0.0431X,+0.2298X,+3.73X,X,

Y X;: Green laver powder, X,: Mung bean starch.
? Two-factor interaction.

7 p<0.05, ™ p<0.01, ™ p<0.001.
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Fig. 2. Perturbation plot and response surface plot for physicochemical properties and DPPH of Cheongpomuk prepared with

green laver powder and mung bean starch.
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Table 5. Texture properties of Cheongpomuk prepared with green laver powder and mung bean starch at various conditions

by RSM

Sample Variables"

Responses

No.  x, (g) X, (g) Hardness (gficm®) Springiness (%) Cohesiveness (%) Gumminess (gf)

Brittleness (gf) Adhesiveness (gf)

1 1.0 50  280.57+16.067  92.20+1.82% 88.07£3.86™  294.97+55.99"  271.65+48.91" = —17.33+5.69
2 1.0 60  359.93+12.89™  93.70+0.70°  89.37+1.06®  303.24+14.75®  284.13:14.12® = —20.33+3.06
3 20 50 249.83+16.05° 91.23+1.86° 90.77+1.97"  240.14+15.07°  219.02+12.28° —18.6742.52
4 20 60 376.20+7.10° 92.93+1.27°%  89.93+1.07® 317.716.07*  295.26+5.03" —16.33+2.89
5 079 55  281.03+12.96° 95.67+0.58"  92.27+1.79° 273.2049.14>  261.41+7.45® —20.33+2.08
6 221 55  294.93:2.85° 95.37£1.48"  91.30+0.72% 284.8245.06™  271.70£9.04 —19.33+2.08
7 1.5 47.93  243.00+5.11° 92.70+2.42°% 89.87+1.48™ 264.85£12.59*  245.63£17.62"  —18.00+£1.00
8 15 6207 353.03:2.29° 92704324 85.30+1.55° 316.44+9.06" 293.45£17.50°  —18.33+4.16
9 1.5 55 293.07+12.25° 98.67+1.15° 93.30+3.04° 289.50420.71°  285.83+23.78"  —18.00+1.00
10 15 55 290.23+7.40° 97.00:£0.00® 91.47+0.60® 279.96+8.47"  271.61£8.21" —14.00+3.61
11 15 55 278.63+6.45° 94.36+1.10°%  89.40+3.20 303.18+18.72"  286.20+19.72°  —20.67+1.53
F-value 53.800"" 5.494™ 3.153" 3.648" 3.742" 1.276

Y X,: Green laver powder, X,: Mung bean starch.
? Mean+S.D.

3 2~ Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.

" p<0.05, ™ p<0.01, ™ p<0.001.
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Table 6. Analysis of predicted model equation for texture properties of Cheongpomuk prepared with green laver powder

and mung bean starch

Responses Model R’ F-value p-value Polynomial equation”
Hardness Linear 0.8441 21.66™Y  0.0006  Y=300.04+0.6558X,+45.17X,
Springiness ~ Quadratic  0.6820 2.14 02111  Y4=96.67—0.2696X,+0.4001X,+0.0500X,X,+0.9664X,> —2.39X,’
Cohesiveness ~ Quadratic ~ 0.6523 1.88 02533 Y10=91.39+0.2344X, —0.7504X,—0.5350X,X, +0.1596X,> — 1.94X,’
Gumminess 2F1? 0.8307 11.45" 0.0043  Y;;=288.00—2.97X,+19.85X,+17.32X,X,
Brittleness 2FI 0.8078 9.80” 0.0067  Y;=271.44—3.35X,+19.55X,+15.94X,X,
Adhesiveness - - - - -

Y X;: Green laver powder, X,: Mung bean starch.
? Two-factor interaction.
P p<0.01, " p<0.001.
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Fig. 3. Perturbation plot and response surface plot for texture properties of Cheongpomuk prepared with green laver powder

and mung bean starch.
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Table 7. Sensory attributes of Cheongpomuk prepared with green laver powder and mung bean starch at various conditions

7}

A

A FZA

B

EXE 3}

o=

by RSM
Sample Variables" Responses
No. x, (g) X> (g) Appearance Color Flavor Moistness Elasticity Taste Overall acceptability
1 1.0 50  3.67+1.287%9 400+1.85% 4.17+£1.79  5.17+125®  4.56+1.38  4.78+1.06™ 4.44+1 .34
2 1.0 60  433+1.61™  4.06+£1.92™ 4.11+1.64 4.72+1.36™° 4.89+1.23  4.83+1.20™ 4.56+1.34%
3 20 50 450+1.38" 4.83+1.62°  4.11+1.81  4.72+1.45% 4.83+1.58  5.06+1.47 4.83+1.54
4 20 60  4.06£121%  428+1.41%° 4.44+138  4.44+125% 4.94+139  4.83+]1.38% 4.7241.41%
5 079 55  3.50+1.62° 339+1.61°  433+£1.82  556+1.34°  4.83:1.54  4.61+1.54° 4.50+1.51™
6 221 55  A411x1.64™  4.44+120™ 428+£127  3.94+1.59°  4.28+1.90  4.17+1.51° 3.78+1.67¢
7 1.5 4793 478152  4.89+1.75® 472190  4.83+1.34™ 5.00+1.14  5.67£0.91° 5.11+1.28"
8 15 6207 456£1.65™  489+1.75° 4.78+126 4224156 461142  4.78+1.40% 4.61+1.46™
9 1.5 55 4.94+1.31°  522+1.44™  433£1.68  4.83x1.43"°  4.56x1.50  5.61x1.15° 5.06+1.11%
10 15 55 5.11£1.61° 5224156  4.33+1.82 517147  5.00£1.41  5.61£1.15° 5.61+1.15°
11 15 55 472£127°  528+1.27°  4.11x1.53  5.11x1.41"% 511128  5.61£1.15° 5.22+1.11%
F-value 2187 2.647 0.360 1.949° 0.543 2.796™ 2267

Y X,: Green laver powder, X,: Mung bean starch.
Y Mean+S.D.

» 274 yalues with different superscripts within the same column are significantly different by Duncan’s multiple range test.

9" p<0.05, ™ p<0.01.
FAE(X)0l #5377t Bt g
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Table 8. Analysis of predicted model equation for sensory attributes of Cheongpomuk prepared with green laver powder

and mung bean starch

LS|
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Ee AREE HA

U

0.9452, 0.9778, 0.6739, 0.8995%
p-valuei= 0.0036, 0.0004, 0.0113, 0.01562 |42

M

wot 2y ool AR Al 7| aee] 7S 0.5244, 0.7583
o™, p-value= 0.4586, 0.1176% Fo]ZQl o= giich

Perturbation plot¥} WH-&-3E 31 412 IH(Fig. 4), H 59
o, A Al vR= P It

s T

2~
T

Polynomial equation”

Responses Model R F-value p-value
Appearance Quadratic  0.9452 17.24™  0.0036
Color Quadratic  0.9778  43.95""  0.0004
Flavor Quadratic  0.5244 1.10 0.4586
Moistness Linear  0.6739 827" 0.0113
Elasticity - - - -
Taste Quadratic  0.8995 8.95  0.0156
Overall acceptability Quadratic 0.7583 3.14 0.1176

Y 14=4.92+0.1775X,—0.0114X,—0.2750X,X, — 0.5797X,*—0.1522X,’
Y15=5.24+0.3163X, —0.0613X,—0.1525X,X, — 0.6854X,>—0.2039X,’
Y 16=4.26+0.0248X,+0.0444X,+0.0975X, X, —0.0546 X,>+0.1668X,°
Y17=4.79-0.3773X,—0.1991X,

Y 19=5.61—0.0429X; —0.1798X, —0.0700X,X, —0.5897X,% —0.1769X,
Y2=5.30—0.0588X, —0.0871X,—0.0575X,X, —0.5410X,>—0.1852X,"

Y X,: Green laver powder, Xa: Mung bean starch.
2" p<0.05, ™ p<0.01, ™ p<0.001.
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Fig. 4. Perturbation plot and response surface plot for sensory attributes of Cheongpomuk prepared with green laver powder

and mung bean starch.
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Table 9. Optimum constraint values using two numerical
methods in the object goal

Constrains name Goal Numerical optimization (g)
Independent X, In range 151
variables X,?  In range 52.20

Y\ Maximize 4.89

Y;s"  Maximize 5.22
Responses

Y;”  Maximize 4.89

Yio® Maximize 5.65

D X,: Green laver powder, ? X Mung bean starch, ¥ Yy,
Appearance, Y ¥is5: Color, ¥ Y7 Moistness, ® Yio: Taste.

s
7 l"-'" 75
LIAEALH0K

Desirability

Fig. S. Perturbation plot and response surface plot for the optimization mixture of Cheongpomuk prepared with green laver

powder and mung bean starch.
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