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Optimization of Ingredient Mixing Ratio for Preparation of
Sulgidduk with Saltwort (Salicornia herbacea 1..)

Myung Sook Jangf and Jung Eun Park

Dept. of Food Science and Nurition, Dankook University, Seoul 140-714, Korea

Abstract

In an attempt to get basic data for the utilization of saltwort powder (Salicornia herbaceae L.) as a ingredient
in the Sulgidduk. D-optimal design of mixture design showed 14 experimental points including 4 replicates
for three independent variables. The three independent variables selected for the experiment were water (13~
18%), saltwort powder (2~6%), and sugar (8~13%). The optimum responses variables such as color value,
texture, and sensory characteristics were evaluated. The compositional and functional properties of test were
measured, and these values were applied to the mathematical models. According to the result of measuring
probability of the color value, texture and sensory characteristics were respectively and significance was
acknowledged (p<0.05). According to the result of F—test, color values (L, a, b), textural properties (gumminess,
chewiness) and sensory characteristics (taste, softness) decided linear model, textural property (hardness)
and sensory characteristics (color, smell, moistness, overall acceptance) decided quadratic model. A canonical
form and trace plot showed that the influence of each ingredient on the mixture final product. An optimum
formulation by numerical and graphical methods were similar. Water, saltwort powder, and sugar were 15.2%,
3.0%, and 9.8% respectively by numerical method, and 15.2%, 3.1%, and 9.7% respectively by graphical method.
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Fig. 1. Plot of a modified distance design in the mixture
region.

Table 1. Operating conditions for Texture Analyzer

Instrument Stable Micro System TA XT-2 Texture
: Analyzer

Type TPA (Texture Profile Analysis test)

Probe ®34 mm cylinder probe

Pre-test speed 5.0 mm/s

Test speed 1.0 mm/s

Post test speed 1.0 mm/s

Distance 10.0 mm

Strain deformation 50%
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Table 2. Experimental design for Sulgidduk with saltwort powder

Pseudo component1>

Actual component

No. Run

A? B C A (%) B (%) C (%)

1 3 0.00 0.00 1.00 13.00 2.00 13.00
2 10 1.00 0.00 0.00 18.00 2.00 8.00
3 13 0.00 0.80 0.20 13.00 6.00 9.00
4 2 0.60 0.10 0.00 16.00 4.00 8.00
5 4 0.50 0.00 0.50 15.50 2.00 10.50
6 6 0.00 0.40 0.60 13.00 4.00 11.00
7 7 0.30 0.40 0.30 14.50 4.00 9.50
8 11 0.20 0.80 0.00 14.00 6.00 8.00
9 8 0.65 0.20 0.15 16.25 3.00 8.75
10 9 0.25 0.60 0.15 14.25 5.00 8.75
11 5 0.00 0.00 1.00 13.00 2.00 13.00
12 12 1.00 0.00 0.00 18.00 2.00 8.00
13 1 0.50 0.00 0.50 15.50 2.00 10.50
14 14 0.00 0.40 0.60 13.00 4.00 11.00

1)Pseudo conponents: x; = -(—Xi_t—i), X1+ Xot o x,=
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PA: water, B: saltwort powder, C: sugar.
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Table 3. Quality characteristics of Sulgidduk with saltwort powder at various conditions by D-optinmal design

Hunter’s color values

Textural characteristics

Sensory characteristics

No. Run a b Hardness  Gumminess ~ Chewiness Color Smell Taste Softness Moistness Overall
(g) (g) (g * cm) acceptance
1 3 681 7.1 174 1039.7 516.9 308.2 76 7.0 72 7.0 7.8 75
2 10 647 10.8 21.1 1015.8 570.2 3245 7.0 6.6 6.0 6.9 74 6.7
3 13 700 6.1 18.7 1259.6 564.8 3285 6.8 74 6.8 6.5 6.4 6.8
4 2 674 74 18.0 1024.6 511.1 298.3 74 7.2 6.9 7.2 75 7.3
5 4 690 78 18.8 1234.1 538.8 305.1 7.0 7.4 7.3 6.8 6.6 6.9
6 6 634 9.7 19.8 1341.2 b&4.4 333.9 6.8 76 6.8 7.0 6.8 7.6
7 7 639 9.8 21.1 1070.3 527.9 3159 75 6.8 7.0 6.9 7.3 7.0
8 11 692 8.7 189 1009.6 513.2 308.6 7.0 7.0 6.2 6.6 6.9 6.3
9 8 648 9.1 20.8 1231.2 588.0 338.8 6.8 6.4 56 6.0 55 6.0
10 9 666 8.6 195 990.5 5275 320.1 6.5 7.1 6.3 7.0 7.0 6.3
11 5 611 11.0 20.4 1256.2 542.8 343.1 56 58 5.8 6.6 54 56
12 12 684 8.0 17.2 984.0 493.3 305.3 6.9 7.2 6.2 7.2 6.9 6.2
13 1 624 105 214 1344.4 576.2 326.0 6.4 6.4 56 6.2 52 58
14 14 654 9.3 20.4 1391.6 598.8 339.2 7.0 74 7.0 6.8 6.5 6.9

Table 4. Analysis of predicted model equation for the quality characteristics of Sulgidduk with saltwort powder

Response Model R? Prob<F Equation on terms of psesudo component
Hunter’'s color L value Linear  0.8059 0.0001 67.93A+60.17B+68.81C
values a value Linear  0.7985 0.0001 8.33A+11.76B+7.02C
b value Linear  0.7140  0.0010 18.18A+22.13B+18.66C
Textural Hardness Quadratic  0.9538  <0.0001 987.50A +1394.61B + 1254.67C-5260.90AB-395.42AC +127.02BC
characteristics Gumminess Linear 05787 0.0086 503.42A +591.80B +553.95C
Chewiness Linear 05604  0.0109  306.91A+345.94B+615.42C
Sensory Color Quadratic 0.8179 0.0078 6.69A +5.15B +6.85C +3.15AB +2.98AC+3.76BC
characteristics  Smell Quadratic  0.9478 <0.0001 718A+5.24B+7.43C+047AB-0.16AC+4.82BC
Taste Linear  0.6984 0.0014 6.35A +5.56B+7.34C
Softness Linear  0.4404  0.0411 7.10A+6.25B+6.84C
Moistness Quadratic 0.8366  0.0052 6.96A +3.83B+6.55C+3.18AB+3.18AC+4.61BC
Overall Quadratic 0.8170 0.0080 6.24A +4.69B+6.91C+2.87AB+2.81AC+4.63BC
acceptance

A: water, B: saltwort powder, C: sugar.
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Fig. 2. Response surface and trace plot for the effect of
water (A), saltwort powder (B), and sugar (C) on color (L
value) of Sulgidduk added with saltwort powder.
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water (A), saltwort powder (B), and sugar (C) on color (b
value) of Sulgidduk added with saltwort powder.
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Fig. 5. Response surface and trace plot for the effect of
water (A), saltwort powder (B), and sugar (C) on texture
(hardness) of Sulgidduk with saltwort powder.
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Fig. 10. Response surface and trace plot for the effect of
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characteristics (taste) of Sulgidduk with saltwort powder.
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Fig. 11. Response surface and trace plot for the effect of
water (A), saltwort powder (B), and sugar (C) on sensory
characteristics (softness) of Sulgidduk with saltwort
powder.
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Fig. 12. Response surface and trace plot for the effect of
water (A), saltwort powder (B), and sugar (C) on sensory
characteristics (moistness) of Sulgidduk with saltwort
powder.
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saltwort powder.
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Table 5. Optimum constraint values using two analytical methods in the object goal

Constraints name ) Goal Numerical optimization solution Graphical optimization solution
Water (%) in range 152 15.2
Saltwort powder (%) maximum 3.0 3.1
Sugar (%) in range 9.8 9.7
L value in range 66.7 66.6
a value in range 86 8.6
b value in range 19.2 19.2
Hardness minimum 1065.2 1066.7
Gumminess minimum 539.3 539.8
Chewiness minimurm 317.8 318.2
Color maximum 75 74
Smell maximum 7.1 7.1
Taste maximum 6.5 6.5
Softness maximum 6.8 6.8
Moistness maximum 75 74
Oveall accepatance maximum 7.2 7.2
0620 R : 7 3.0%, Awt 9.8%elsict H A3k ot E W os =%

2 AR nES o]&3 %3 A A3} (graphical opti-
mization)+= Fig. 149 viebdgle}. x4 &4 3} (numeri-
cal optimization) 2} @] 7} wh-g- 23 )z o] TA == -
& g W= Al AAH -3 doE2E de-
sirability 0.620¢l &% 3l= 5% 152%, &&271% 31%, 4
B 97%E 42 A3} A3 fFAsHA devteh(Fig. 14).
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