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Optimization of Sulgidduk with Green Laver Powder Using a Response

Surface Methodology
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Abstract

This study was performed to determine the optimal manufacturing conditions adding green laver, which has a rich
aroma and unique taste, to Sulgidduk. The variables in green laver Sulgidduk production were amounts of green laver
powder and water. Six sensory characteristics were used for sensory evaluations, including color, green laver flavor,
green laver taste, moistness, softness, and elasticity. The optimal amounts of the powder and water were found to be 6.84
g for green laver powder and 31.08 g for water, satisfying a target sensory score (7.0/9.0) according to a response surface
method. Sulgidduk with these optimal amounts of green laver and water was tasted by 118 consumers and showed a high
acceptability score (6.94). Older consumers (=30 years old) preferred the color and flavor of green laver significantly
more than younger consumers (<29 years old) did (p<0.01). Color analysis results of green laver Sulgidduk were signi-
ficantly different in brightness, redness, and yellowness from those of Sulgidduk (control)(p<0.01). Texture analysis
scores of green laver Sulgidduk were significantly lower than those of Sulgidduk (control) in hardness, adhesiveness,
springiness, cohesiveness, gumminess, and chewiness, and they were significantly different in adhesiveness and che-

winess (p<0.05).
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Table 1. Composition of control and green laver Sulgidduk

. Control Experiment
Ingredients = =
Weight(g)  Weight(g)  Increment(g)
Green laver power - 10 +3
Rice power 200 200 -
Salt 2 2 -
Suger 30 30 -
Water 24 24 +5
‘ Washing Rice ‘
l Soaking rice for 12 hrs
| Milling Rice |

’Adding rice flour and green laver powder

! Adding salt and water
| Mixing |

l
‘ Sieving ‘

I Adding sugar

‘ Steam cooking for 20min ‘

l Cooling for 30 min

| Green laver sulgidduk ‘

Fig. 1. Preparation procedure for green laver Sulgidduk.
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Table 2. Independent variables and their levels for central com-

posite design ()
Independent levels
. Symbol
variables LA -1414 -1 0 1 1414
Green laver powder Xi 5.76 7 10 13 1424
Water X2 1693 19 24 29 31.07
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Table 3. Central composite experimental design arrangement and sensory characteristics under various conditions of Sulgidduk

added with green laver powder and water

Exp. Variable level" Responsez)
no. Xi X5 Color Green laver flavor Green laver taste Moistness Softness Elasticity
1 13 29 5.14 4.90 4.21 4.83 5.07 5.29
2 13 19 4.64 4.73 420 4.47 5.08 491
3 10 17 5.31 5.34 477 474 5.06 5.57
4 7 19 5.80 5.74 5.56 5.40 5.49 6.04
5 10 24 5.17 5.20 4.64 4.87 5.22 5.51
6 10 31 5.18 5.01 457 5.29 5.61 5.66
7 10 24 5.24 5.04 4.39 4.80 5.24 5.18
8 29 5.64 5.78 5.97 5.49 5.66 6.47
9 24 5.59 5.66 5.90 5.98 5.93 6.52
10 14 24 4.58 4.57 3.99 4.52 4.34 5.01
Y X, = Green laver powder(g) X, = Water(g)
? Scale score : 1(dislike extremely)~9(like extremely)
Table 4. RSM program-derived polynomial equations
Response Polynomial equationl) R*? P-Value”
Color Y = 5.20563-0.38880X,+0.01987X5-0.02656X,+0.05413X,°+0.16464X, X, 0.39 0.000**
Green laver flavor Y, = 5.12096-0.42836X,-0.03677X2+0.03123X,+0.06491X,°+0.02717X, X, 0.52 0.000%**
Green laver taste Y3 =4.51595-0.72585X,+0.02246X,+0.25919X,°+0.12048X,>-0.08972X, X, 0.48 0.000**
Moistness Y. = 4.83303-0.46062X,+0.16975X+0.18459X,°+0.06822X,>+0.10215X, X, 0.47 0.000**
Softness Ys=5.23335-0.31993X,+0.14745X,+0.06632X,°+0.03847X,™+0.01498 X, X, 0.53 0.000%*
Elasticity Y = 5.34400-0.55740X,+0.10843X,+0.20776X,°+0.12990X,>-0.02505X, X, 0.58 0.000%*
Y X, = Green laver power, X, = Water
Y R* = Coefficient of determination
3 #xp<0.01
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Fig. 2. Response surface plot for color, favor, taste, moistness, softness, elasticity of green laver Sulgidduk.
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Fig. 3. Response optimization result of sensory characteristics.

Table 5. Optimum conditions of Sulgidduk added with green

laver powder

Factor

Coded value

Optimum amount(g)l)

Green

laver power
Water

-1.0554
1.414

6.84

31.08

b optimum condition from RSM on rice power 200 g

Tk W7k A7) g o) 2 2sk §9
M2 ZololA Exb= A7, Bl ARl SRl A
oAzl= A g delA FsHSTE =4 YeERtoY #
922l ol HolA| ¢koht) Ao wE ZjolojA] Al
gk A7 ZAHEERQl S TolA] 294 o]3tET} 304

olgol BT} A UERROR, At shefEAA
S #2(p<0.05) AHolE BT 308 o] AFhelA
E g IR WYL O R A e
A7k Aol ge sege Jtstaot sl
A5 R diolet AT 4 Al

3. TN mEEe A7h M|Eo| AN BN
w9 e R W7k do)ee] B2 B4

< =43 A= Table 79 A ASI T

1) Mz =3

R Hrt dr|we] ELEC PR Re g Sl
Q1 z1o)(p<0.01)E EHTh olet 2 A= S22
(Park MK 5 2002), TFA|"KCho MS$} Hong IS, 2006),
Foll 5%tz E(Yoon SI® Choi BS, 2008) 59
AEE 7S W A7|9e Wert Hadithe Ae}
YA EtATE A ED Hrt Ar|Ee ARG HAs
7} ggkon o3 (p<0.01) ZolE HATE oA 1t
el AVtE gHEE AAVE A4S JERZ] of
ol AL F7KgE 21082 AZEY. G EE 9
B H7F Arge] MiAdYRY B2 H4E HAoH

ju= R

o1

=

& R1(p<0.01)Q! ZFolE VERA AT
2) 24 &%
mAdz|e} SR HvE AEs Az & A
3k Table 700 AASHATE FET A7 A7 H-
A7z EY Aad, 724, &4, 34, A4,
AAoA e H4E Uehdlon Fada 34

22 A(p<0.05) 2Fo]E HAT} Cho MS2} Hong JS
(2006)ATol M= THAULE H71e A7)l Aol
= 2ol dixTel vs @ Aeg yeht 2 A

> o B

Table 6. Consumer test scores” of Sulgidduk added with optimum green laver powder by gender and age

Gender

Age

Variables Mean
Male Female t-value <29(n=49) 30<(n=69) t-value
Color 6.77+1.49” 7.22+1.68 1.443 6.65+1.41 7.33+1.71 2.286* 7.05+1.62
Flavor 6.52+1.85 6.64+1.80 0.324 6.18+1.79 6.88+1.79 2.098* 6.59+1.81
Texture 7.52+1.25 7.12+1.65 1.494 7.47£1.28 7.13£1.66 1.252 7.27+1.52
Taste 7.57£1.45 7.04+1.78 1.664 7.04£1.72 7.38+1.65 1.073 7.24+1.68
Overall acceptability  7.07+1.65 6.86+1.60 0.660 6.69+1.57 7.12+1.63 1.406 6.94+1.61
D Scale score : 1(dislike extremely)~9(like extremely)
? Mean+SD
*p<0.05
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Table 7. Physical characteristic of Sulgidduk

Physical characteristic Control Added with green laver powder t-value
L 75.25+1.60" 48.91£1.15 23.164%*
a 3.19+0.89 -3.2140.61 10.284**
b 4.77+0.26 16.35+1.12 17.445%%*
Hardness (g) 233.78+7.80 199.92+41.01 1.622
Adhesiveness (g * s) -37.4249.25 -18.50+4.07 3.743%*
Springiness 1.07+0.03 1.06+0.02 0.449
Cohesiveness 1.54+0.23 1.41£0.06 1.132
Gumminess 358.92+44.21 279.56+48.70 2413
Chewiness 384.49+44.06 297.56+53.90 2.497*

Y MeantSD *p<0.05, **p<0.01
L : lightness, a : redness, b : yellowness
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