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This study was undertaken to find the optimum condition for the Maillard browning reaction of tagatose and
glycine model solution by applying the response surface methodology. Independent variables were pH (3, 5, 7),
temperature (70, 85, 100°C), and time (60, 180, 300 min), while the dependent variables were absorbance,
yellowness, color difference, and organoleptic score. The quadratic models with the cross-product proved to be
suitable, due to the high coefficients of determination and the lack of fit results. Since all the dependent variables
had saddle points, the optimal points were determined through ridge analysis. For absorbance, yellowness, and
color difference, the optimal points were the lowest values; in contrast, the optimal point of organoleptic score

was the highest value.
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Fig. 1. The linear relationship between organoleptic score and
logarithmic concentration.

Table 1. Absorbance and organoleptic score of standard color
sample

Sample number Concentration ~ Absorbance Organoleptic
score
1 1/8 0.033 2
2 1/4 0.065 3
3 12 0.128 4
4 1/1 0.255 5
5 2/1 0.748 4
6 4/1 1.576 3
7 8/1 2.846 2
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Table 2. The fractional factorial design by RSM computer
program for optimization
Treatment pH Temperature (°C)  Time (min)

1 3(-1) 70(-1) 180(0)

2 7(1) 70(-1) 180(0)

3 3¢-1) 100(1) 180(0)

4 7(D) 100(1) 180(0)

5 3(-1) 85(0) 60(-1)

6 7(1) 85 (0) 60(-1)

7 3(-1) 85 (0) 300(1)

8 7 85 (0) 300(1)

9 5(0) 70(-1) 60(-1)

10 5(0) 100(1) 60(-1)

11 5 70(-1) 300(1)

12 5(0) 100(1) 300(1)

13 5(0) 85 (0) 180(0)

14 5(0) 85 180(0)

15 5(0) 85 (0) 180(0)
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Table 3. Absorbance, yellowness, color difference, and organoleptic score of tagatose- glycine model solution

Treatment pH Temperature Time Absorbance Yellowness  Color difference Orgzilgrlzpnc
1 3¢-1) 70(-1) 180(0) 0.016 1.75 5.834 0.970
2 7(1) 70(-1) 180(0) 0.023 2.11 5.838 1.394
3 3(-1) 100(1) 180(0) 0.060 4.30 6.403 2.844
4 7(1) 100(1) 180(0) 0.287 10.8 14.745 4.935
5 3¢-1) 85 (0) 60(-1) 0.012 1.90 5.875 0.727
6 7 (1) 85(0) 60(-1) 0.026 240 5.979 1.576
7 3(-1) 85 (0) 300(1) 0.018 2.55 5.643 1.091
8 71 85(0) 300(1) 0.108 6.85 7.853 3.683
9 50 70(-1) 60(-1) 0.017 1.81 5.718 1.030
10 50 100(1) 60(-1) 0.045 3.20 5.955 2.375
11 5(0) 70(-1) 300(1) 0.021 191 5.886 1273
12 5(0) 100(1) 300(1) 0.347 12.0 17.321 4813
13 500) 85(0) 180(0) 0.034 2.60 5.981 2.031
14 5¢0) 85 (0) 180(0) 0.028 2.50 5.904 1.697
15 5(0) 85 (0) 180(0) 0.025 2.50 5.957 1.515
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Table 4. Taylor second order equations calculated by RSM program

Response Taylor second equation
Absorbance Y, =3.04469-0.1502X,-0.0617X,-0.00379X,+0.00183X X, +0.0000792X X,
+0.000041X2X3+0.000125X12-+0.000298X22+0.00000079X32
Yellowness Y, = 84.0603-5.4708X -1 .607962X2—0. 1189 12X3+0.05 125X 1§(2+O.00396X1X3
+0.00121X,X,+0.11302X,*+0.0077X,°+0.0000305X,,
Color difference Y, =115.594-5.479X -2.2041X,-0.1407X,+0.0694X, X,+0.00219X X,

+0.00155X,X,-0.0156X,+0.0103X,+0.00003 14X

Organoleptic score

Y, = 24.5871-2.49095X,-0.39794X,-0.04320X,+0.016 19X, X,+0.00332X, X,
+0.000317X,X*+0.091 19X %+0.001923X,+0.000016533X,>
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