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Abstract

This study attempts to find an optimized amount of soy sauce, sugar and boiling time for the best
soy-sauce-based Teriyaki sauce, using the Response Surface Methodology(RSM). The following is the
summary of the study. The amount of soy sauce, sugar and boiling time were set as independent variables
to study the sensory characteristics of soy sauce. As a result, significant differences in appearance, taste and
overall acceptance of soy sauce were observed. In appearance, boiling time was the most effective factor,
followed by sugar and soy sauce. The taste was affected most by sugar, followed by boiling time and soy
sauce in order. Overall acceptance, ranked in ascending order, is as follows : soy sauce, boiling time and
sugar. So based on the study, the best results are: soy sauce 1,182.76 g - 1,210.11 g, sugar 843.97 g - 851.17
g, boiling time 174.49 mins - 181.46 mins. Among them, optimum points are: soy sauce 1,196.44 g, sugar
847.57 g, boiling time 177.98 mins.
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{Table 1> Basic formula of Teriyaki sauces for response surface analysis

Ingredients Weight (g)
Chicken bone 1,000
Onion 300
Green onion 180
Ginger 80
Soy sauce 1,000 - 1,400
Rice wine 600
Sugar 740 - 940
Water 3,000
Yield 1,300 - 1,500
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{Table 2> Recipe of Teriyaki sauce variations and their various levels or central composition design of soy
sauce(g), sugar(g) and boiling time(min.) for RSM

. Coded-variables
Variable Symbol 5 1 0 1 >
Soy sauce
X 1,000 1,100 1,200 1,300 1,400
(+100)(g)
Sugar
X, 740 790 840 890 940
=50)(g)
Boiling time X 120 150 180 210 240
(+30)(min.) ’

<Table 3> Recipe of experimental combinations for Teriyaki sauces and data under various conditions of soy
sauces(Xi), sugan(X;), boiling time(X3) for RSM

Variable level Weight
Treatment X X X Soy Sugar(@) .B0111r%g
sauce(g) time(min.)
1 -1 -1 -1 1,100 790 150
2 -1 -1 1 1,100 790 210
3 -1 1 -1 1,100 890 150
4 -1 1 1 1,100 890 210
5 1 -1 -1 1,300 790 150
6 1 -1 1 1,300 790 210
7 1 1 -1 1,300 890 150
8 1 1 1 1,300 890 210
9 0 0 0 1,200 840 180
10 0 0 0 1,200 840 180
11 2 0 0 1,000 840 180
12 2 0 0 1,400 840 180
13 0 2 0 1,200 740 180
14 0 2 0 1,200 940 180
15 0 0 -2 1,200 840 120
16 0 0 2 1,200 840 240
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{Table 4> Acceptance of Teriyaki sauces at various conditions of soy sauce(X;), sugar (X), boiling time (X3)

for RSM
Treatment Variable -level” Response”

X X X3 Y, Y2 Y3 Y4 Ys
1 -1 -1 -1 4.50 3.17 3.17 3.67 4.17
2 -1 -1 1 2.33 3.17 3.50 4.17 4.00
3 -1 1 -1 5.00 3.50 3.83 4.00 4.17
4 -1 1 1 3.17 483 4.00 433 433
5 1 -1 -1 5.00 3.67 2.83 4.67 4.50
6 1 -1 1 2.33 3.17 3.00 4.50 4.67
7 1 1 -1 3.83 3.50 4.00 4.17 4.67
8 1 1 1 3.67 4.67 3.83 5.00 5.00
9 0 0 0 5.33 4.00 5.50 4.50 6.00
10 0 0 0 5.50 433 5.67 333 6.00
11 -2 0 0 2.67 4.00 433 3.67 4.00
12 2 0 0 3.00 4.17 3.67 5.00 3.83
13 0 2 0 3.00 4.33 2.17 4.17 3.83
14 0 2 0 5.17 4.50 3.50 4.50 4.17
15 0 0 2 4.33 4.83 333 4.17 3.83
16 0 0 2 3.00 3.33 2.67 4.00 4.00

(a): Coded variable X; : soy sauce(g) X :
(b): Y, : Appearance Y, : Flavor Y; : Taste Yy :

sugar(g) Xz : boilling time(min)
viscosity Ys : Overall acceptance
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{Table 5> The equation derived using RSM for the prediction of the dependent variables of Teriyaki sauces

Responses Equation of on terms of pseudo component R’ p-value
Y1=-183.190675+0.170901X,+0.223103X,-0.102771X3-0.000064
Appearance  5000X,> -0.000029250X,X; -0.000133X,>+0.000048750X3X, 0.8643  0.0462°

+0.000237X5X,-0.000486X3>
Y=29.171875+0.024035X-0.062625X,+-0.170583X5-0.0000020
Flavor  00X;°-0.000016500X,X;+0.000025000X,>-0.000027500X5X; 04276  0.8332
+0.000250X5X,-0.000023611X3>
Y/=-262.763000+0.079860X,+0.451575X,+0.316792X3-0.000039625X,>+0.0000 **
Taste i ) 0.9453  0.0038
21000X,X;-0.000275X,70-0.000020833X3X;-0.000041667X:X,-0.000718X5

Y 1=41.592075-0.010616X,-0.066872X+-0.064204X5+0.000010500X,°-0.000001

Viscosity  2250X,X;+0.000042000X,°-0.000007083X;X; 0.6311 0.4527
+0.000069167X3X,+0.000047222X5”
Overall Y =217.175625+0.118849X,+0.325438X,+0.150429X;-0.000052125X,*+0.0000 «

; N 0.9444  0.0040°
acceptance  04250X2X;-0.000200X,°+0.000021250X5X,+0.000040833X3X,-0.000579X;

*

p<0.05 “'p<0.01 p<0.001
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<Table 6> Analysis of variance in appearance of acceptance for Zeriyaki sauces

Source DF Sum of Squares R-Square F-value Pr>F
Regression
Linear 3 7.782669 0.4178 6.16 0.0291
Quadratic 3 6.957800 0.3736 5.51 0.0370
Crossproduct 3 1.357537 0.0729 1.07 0.4280
Total Model 9 16.098006 0.8643 4.25 0.0462
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<Table 7> Standard error and t-value of estimated regression coefficients of appearance

Coefficients Estimated Value Standard error t-value p-value
B(0) -183.190675 84.047227 -2.18 0.0721 Center point
B(1) 0.170901 0.056526 3.02 0.0233
BQ2) 0.223103 0.125271 1.78 0.1252 Linear
BA3) -0.102771 0.170831 -0.60 0.5695
B(11) -0.0000645000 0.000016227 -3.97 0.0073
B(22) -0.000133 0.000064907 -0.64 0.5475 Quadratic
B(33) -0.000486 0.000180 -2.05 0.0864
B(12) -0.000029250 0.000045897 0.64 0.5475
B(13) 0.000048750 0.000076494 1.55 0.1716 Crossproduct
B(23) 0.000237 0.000153 -2.70 0.0358
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<Fig. 1> Counter map (A) and response surface (B) for the effect of soy sauce(g) and sugar(g)
on the appearance of Teriyaki sauces
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<Fig. 2> Counter map(A) and response surface(B) for the effect of soy sauce(g) and boiling time(mim.)
on the appearance of Teriyaki sauces
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<Fig. 3> Counter map (A) and response surface (B) for the effect of sugar(g) and boiling time(mim.)
on the appearance of Zeriyaki sauces
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<Table 8> Analysis of variance in taste of Teriyaki sauces

Source DF Sum of Squares R-Square F Pr>F
Regression
Linear 3 2.450650 0.1903 6.96 0.0222
Quadratic 3 9.570700 0.7433 27.17 0.0007
Crossproduct 3 0.150700 0.0117 043 0.7405
Total Model 9 12.172050 0.9453 11.52 0.0038

{Table 9> Standard error and t-value of estimated regression coefficients of taste of acceptance for Teriyaki

sauces

Coefficients Estimated Value Standard error t-value p-value
B(0) -262.763000 44.368852 -5.92 0.0010 Center point
B(1) 0.079860 0.029840 2.68 0.0367
B(2) 0.451575 0.066131 6.83 0.0005 Linear
B3) 0.316792 0.090182 3.51 0.0126
B(11) -0.000039625 0.000008566 -4.63 0.0036
B(22) -0.000275 0.000034265 -8.03 0.0002 Quadratic
B(33) -0.000718 0.000095180 -5.55 0.0003
B(12) 0.000021000 0.000024229 0.87 0.4194
B(13) -0.000020833 0.000040382 -0.52 0.6244 Crossproduct
B(23) -0.000041667 0.000080763 -0.52 0.6244
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<Fig. 4> Counter map (A) and response surface (B) for the effect of soy sauce(g) and sugarn(g)
on the taste of Teriyaki sauces
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Counter map (A) and response surface (B) for the effect of soy sauce(g) and boiling time(mim.)

on the taste of Teriyaki sauces
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<Fig. 6> Counter map (A) and response surface
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(B) for the effect of sugar(g) and boiling time(mim.)

on the taste of Teriyaki sauces
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<Table 10> Analysis of variance in overall acceptance of Teriyaki sauces

Source DF Sum of Squares R-Square F Pr>F
Regression
Linear 3 0.394869 0.0547 1.97 0.2205
Quadratic 3 6.354450 0.8805 31.65 0.0004
Crossproduct 3 0.066138 0.0092 0.33 0.8049
Total Model 9 6.815456 0.9444 11.31 0.0040

<Table 11> Standard error and t-value in overall acceptance of Zeriyaki sauces

Coefficients Estimated Value Standard error t-value p-value
B(0) -217.175625 33.499876 -6.48 0.0006 Center point
B(1) 0.118849 0.022530 5.28 0.0019
B(2) 0.325438 0.049931 6.52 0.0006 Linear
B(3) 0.150429 0.068090 2.21 0.0692
B(11) -0.000052125 0.000006468 -8.06 0.0002
B(22) -0.000200 0.000025871 -1.73 0.0002 Quadratic
B(33) -0.000574 0.000071864 -8.06 0.0002
B(12) -0.0005797 0.000018294 0.23 0.8240
B(13) 0.000021250 0.000030489 0.70 0.5119 Crossproduct
B(23) 0.000040833 0.000060979 0.67 0.5280
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(b)

<Fig. 7> Counter map (A) and response surface (B) for the effect of soy sauce(g) and sugar(g)
on the overall acceptance of Teriyaki sauces
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<Fig. 8> Counter map (A) and response surface (B) for the effect of soy sauce(g) and boiling time(min)
on the overall acceptance of Teriyaki sauces
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<Fig. 9> Counter map (A) and response surface (B) for the effect of sugar(g) and boiling time(min)
on the overall acceptance of Teriyaki sauces
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o

A: soy sauce(X;)
x sugar(Xz)

" _?ji

B: soy sauce(X))
x boiling time(X3)

C: sugar(X»)
x boiling time(X3)

<Fig. 10> Optimal condition of Teriyaki sauce in sensory quality
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