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Abstract

Four-dimensional response surface methodology was used for monitoring dynamic changes in substrates dur-
ing Maillard reaction. The coefficients of determination (R*) of response surface regression equations for the
changes in amino acids during Maillard reaction were 0.9478 for total amino acids and above 0.90 for each
amino acid. R’ of regression equations for the changes in sugars during Maillard reaction were 0.9250 for glu-
cose and 0.6490 for fructose. The contents of total amino acids gradually decreased with increasing reaction
temperature and pH of the solvent. Browning color intensity increased with rising reaction temperature, show-
ing maximum color intensity at around 145°C. Each amino acid showed a decreasing tendency in its contents,
which was similarly found in total amino acids. Four-dimensional response surface methodology indicated
that the increased temperature during Maillard reaction was the most influential factor in decreasing substrates,
such as aspartic acid, threonine and glucose. While the reaction time and pH of solvent little affected the
changes in the above-mentioned substrates during Maillard reaction.
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Fig. 1. Central composite design to k=3

Table 1. Levels of independent variables for ex-
perimental design

Independent Levels
variables 2 1 0 1 2

Xi

X, Temperature ("C) 9% 110 130 150 170
X; Time (hrs) 3 6 9 12 15
X, pH of solvent (pH) 55 75 95 115 135
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Table 2. Amino acid compositions of defatted soybean
hydrolysates

Amino acids Contents (nmole/10 pl)
Aspartic acid 28.04
Threonine 10.81
Serine 14.77
Glutamic acid 31.09
Proline 20.72
Glycine 14.02
Alanine 18.33
Cysteine 1.12
Valine 11.54
Methionine 2.73
Isoleucine 4.92
Leucine 7.31
Tyrosine 352
Phenylalanine 8.31
Histidine 4.17
Tryptophan 7.66
Lysine 14.91
Arginine 16.71

Table. 3. Free sugar compositions of defatted soybean
and corn starch hydrolysates (nmole/10 (/)

Suga Corn starch Defatted soybean
gar hydrolysates hydrolysates
Glucose 104.155 7.612
Fructose 9.755 4.644
Maltose 8.594 4.808
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Fig. 2. Response surface of total amino acids at con-
stant values (90-130-150-165 nmol/10 pl) as a function
of temperature, time and pH of solvent in Maillard
reaction
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Table 4. Amino acid”, sugar” and browning color intensity” in Maillard reaction products

Exp.No” Ser Thr Asp Glt Lys TotalAA® Glc Fru Color
1 12.71 7.74 23.86 25.59 7.14 181.28 14.77 3292 0.866
2 12.11 7.57 23.40 23.86 7.84 166.59 14.05 31.80 0.881
3 13.12 7.88 24.92 25.00 6.91 190.01 1591 33.81 0.972
4 11.77 7.09 22.07 22.62 7.45 172.00 11.47 3151 0.995
5 8.98 3.09 14.64 1.21 3.83 141.13 9.76 36.93 1.095
6 9.01 3.14 14.15 1.24 5.76 145.08 8.90 2292 1.102
7 7.80 1.97 9.61 1.05 534 137.51 11.47 32.08 1.036
8 8.00 243 9.65 1.02 4.83 133.78 11.90 31.23 1.030
9 11.19 5.65 20.98 8.54 4.86 159.10 11.62 32.15 1.046

10 11.52 5.86 22.35 9.67 4.91 162.28 11.47 31.51 1.048
11 13.19 8.88 26.74 29.65 9.73 181.81 16.62 28.07 0.760
12 5.28 0.73 4.94 0.88 3.20 110.71 10.19 28.65 0.949
13 12.08 6.67 23.60 20.23 6.36 164.06 10.19 26.93 1.124
14 11.47 5.40 21.72 3.96 6.22 155.26 13.62 28.65 1.098
15 12.47 6.24 23.60 9.61 6.68 166.57 9.91 26.35 1.087
16 7.51 0.09 17.42 1.50 5.55 127.81 8.12 20.62 1.122

YSerine, threonine, aspartic acid, glutamic acid, lysine and total amino acids (nmol/10 ul)

“Glucose and fructose (nmol/10 pl)
*Browning color intensity (O.D at 420 nm)
“Central composite experimental design
*Total amino acids (nmol/10 w/)

Table 5. Analysis of regression for the overall effects
of amino acid on reaction conditions of model systems

Table 6. Correlation coefficients among browning
color intensity, sugar and amino acids

Amino acids R? Pro>F Variables Color” Fructose  Glucose Total AA?
Serine 0.9134 0.0138 Aspartic acid  -0.26809 0.03976  0.52025** 0.90470%**
Threonine 0.9133 0.0138 Threonine -0.51499**  0.31889  0.68881*** 0.95774%+*
Aspartic acid 0.9493 0.0031 Serine -0.33000 021664  0.56583** (.97034***
Glutamic acid 0.9083 0.0162 Glutamic acid -0.68006**  0.45389* 0.79517*** 0.86876***
Lysine 0.9216 0.0105 Lysine -0.58709**  0.10782 -0.14870  0.77975***
Total amino acids 0.9478 0.0033 Total AA 042754* 028557  0.69115***

Glucose 0.925 0.0092 Glucose 0.77822%%*  0.45065*
Fructose 0.6490 04136 Fructose -0.29213
Browning color intensity 0.9553 0.0021

o) Fu WL} FE4F b Folme AHE
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*Significant at 10% level; **significant at 5% level; ***sig-
nificant at 1% level

PColor: browning color intensity (O.D at 420 nm)

“Total amino acids
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