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Optimization for Maillard Reaction Substrate Conditions of Ribose and Hydrolyzed
Wheat Gluten Solution Using Response Surface Methodology

Ji-Hye Moon, Hee-don Choi, In-wook Choi, and Yoonsook Kim'

Korea Food Research Institute, Gyeonggi 463-746, Korea

Abstract

Response surface methodology (RSM) was applied to optimize substrate conditions of ribose and hydrolyzed
wheat gluten solution for Maillard reaction. Independent variables were NaCl concentration of hydrolyzed wheat
gluten (Xj), concentration of ribose (X:) and concentration of hydrolyzed wheat gluten (X3), while the dependent
variables of the central composite design (CCD) were browning index (absorbance 420 nm), DPPH radical scav-—
enging activity (DF) and sensory preference (score). Optimum substrate conditions at 140°C, 30 min reaction
were 3% NaCl concentration of hydrolyzed wheat gluten, 6.2% concentration of ribose and 13.27% concentration
of hydrolyzed wheat gluten. The coefficients of determination (R®) were 0.975, 0.960 and 0.854, the model fit
was very significant (p<0.001). DPPH radical scavenging activities and sensory preferences were predicted
as 700 (DF) and 8.42 (score), respectively. The model solution increased more browning and DPPH radical scav-
enging activities with increasing ribose and hydrolyzed wheat gluten concentration. Especially hydrolyzed wheat
gluten concentration was the most influential factor, while NaCl concentration of hydrolyzed wheat gluten hardly
affected the responses. Sensory preference was increased with rising wheat gluten concentration and decreasing

NaCl concentration of hydrolyzed wheat gluten.
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Table 1. Levels of the independent variables for experimental design of Maillard reaction
] Levels
Independent variables Symbol 1 0 1 1682
NaCl conc. of HWGY (%) X1 7.00 12.90 18.80 22.82
Ribose conc. (%) Xo 4.00 8.00 12.00 14.72
HWG conc. (%) X3 4.00 8.00 12.00 14.72

YHydrolyzed wheat gluten.
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Table 2. Central composite design and responses of depend-
ent variables for optimization of Maillard reaction conditions

No Coded levels of variable Responses
’ X4 Xo X3 Y, Y. Y3
1 -1 -1 -1 75 134.5 5.0
2 1 -1 -1 9.3 141.6 4.7
3 -1 1 -1 21.4 175.6 4.7
4 1 1 -1 156 183.2 6.0
5 -1 -1 1 25.8 543.1 73
6 1 -1 1 235 296.4 7.0
7 -1 1 1 727 845.7 5.2
8 1 1 1 476 654.3 4.7
9 -1682 0 0 30.6 343.0 55
10 1682 0 0 29.7 404.9 5.7
11 0 -1682 0 6.0 94.6 3.7
12 0 1682 0 585 670.2 35
13 0 0 -1.682 25 35.2 4.7
14 0 0 1.682 54.3 737.7 6.0
15 0 0 0 30.8 400.7 45
16 0 0 0 30.8 405.4 45
17 0 0 0 32.0 424.4 45

X1 NaCl conc. of HWG (%), X2 ribose conc. (%), Xs: HWG
conc. (%). Y1: browning index, (absorbance 420 nm, Y2: DPPH
radical scavenging activity (DF), Ys: flavor sensory test (score).
Maillard reaction produced at 140°C for 30 min in oil bath, MRP
solution’s initial pH 9.
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& e 29 Yt 2H=(Y)e &9 25
A VRS E S I w=7) 7.0%, ribose FE7F 12%, A
228 R Ee lﬁ‘:7} 12%d w 272 M =&

< =7} 12.9%, ribose FE7}F 8%, 4
o) 258 71 B

O
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FHl 7}—?%811%0 FE7F 1.28%Y
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t-statisticol] A3} FEHSF Y19 933X, Xo, X3),
o] 23X\, X, Xy, FEF(XiXo, XiXs, XoX3)9] A5}
94 vehd 23 (Table 3), Y1 A5 dapatolA] Xoet

Table 3. Estimated coefficients of the fitted quadratic polynomial equation for different responses based on ¢-statistic

Y Yo Y3
Coefficient p-value Coefficient p-value Coefficient p-value

Intercept 31.3473 0.001 410.641 0.001 4.45464 0.001
Xy -2.4100 0.098 -23.380 0.280 0.03927 0.813
Xs 13.1432 0.001 125.303 0.001 -0.27359 0.132
X3 14.8582 0.001 211.327 0.001 0.43834 0.029
XiX1 -0.8785 0.547 -14.438 0.532 0.54515 0.018
XoXo -0.1361 0.925 -11.451 0.618 -0.16196 0.389
X3X3 -1.4972 0.317 -10.019 0.662 0.45676 0.036
XiXo -3.8000 0.055 6.975 0.797 0.17500 0.431
X1X3 -2.9250 0.119 -56.600 0.067 -0.22500 0.318
XoX3 6.3500 0.006 72.225 0.028 -0.67500 0.015

X;: NaCl conc. of HWG (%), Xo: ribose conc. (%), X35 HWG conc. (%). Y1: browning index (absorbance 420 nm), Y2: DPPH radical
scavenging activity (DF), Ys: flavor sensory test (score).
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Table 4. Response surface model for Maillard reaction conditions
Responses Quadratic polynomial model R? p-value
Y1 Y1 =31.3473—2.4100X, + 13.1432X2+ 14.8582X3— 0.8785X,° — 0.1361 X" 0.975 0.001
—1.4972X3" — 3.8000X, X2 — 2.9250X, X3+ 6.3500X2X 3
Yo Y2=410.641 —23.380X, +125.303Xs+211.327X3— 14.438X,° — 11.451 X5* 0.960 0.001
—10.019X°+6.975X1X> —56.600X1X5 +72.225XXs
Y3 Ys=4.45464+0.03927X, — 0.27359X + 0.43834X 3+ 0.54515X,% — 0.16196 X5 0.854 0.029
+0.45676 X7 +0.17500X, X2 — 0.22500X X3 — 0.6 7500X X3
Y1 browning index (absorbance 420 nm), Y2 DPPH radical scavenging activity (DF), Ys: flavor sensory test (score).
Table 5. Analysis of variance for response of dependent variables (Y1, Y2 and Y3)
Responses Sources Degrees of freedom  Sum of squares Mean squares [F—value p-value
Model 9 5989.74 665.53 30.58 0.001
Linear 3 5453.43 1817.81 83.53 0.001
Quadratic 3 29.77 9.92 0.46 0.721
Y, Cross—product 3 506.54 168.85 7.76 0.013
Residual 7 152.33 21.76 - -
Lack of fit 5 151.37 30.27 63.07 0.016
Pure error 2 0.96 0.48 — —
Total 16 6142.08 - — —
Model 9 902748 100305 18.45 0.001
Linear 3 831790 277263 51.00 0.001
Quadratic 3 3209 1070 0.20 0.895
Y, Cross—product 3 67749 22583 4.15 0.055
Residual 7 38059 5437 - -
Lack of fit 5 37744 7549 47.94 0.021
Pure error 2 315 157 — —
Total 16 940807 — — —
Model 9 14.3789 1.59765 4.55 0.029
Linear 3 3.6673 1.22244 3.48 0.079
Quadratic 3 6.4166 2.13885 6.10 0.023
Y; Cross—product 3 4.2950 1.43167 4.08 0.057
Residual 7 2.4564 0.35091 - -
Lack of fit 5 2.4564 0.49128 — -
Pure error 2 0.001 0.001 — —
Total 16 16.8353 — — —

Y1 browning index (absorbance 420 nm), Yo DPPH radical scavenging activity (DF), Ys: flavor sensory test (score).
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Fig. 1. Response surface plots for browning index in Maillard reaction. X;: NaCl conc. of HWG (%), Xa: ribose conc. (%), Xs:

HWG conc. (%), Yi: browning index (absorbance 420 nm).
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Fig. 2. Response surface plots for DPPH radical scavenging activity in Maillard reaction. X;: NaCl conc. of HWG (%), Xs: ribose
conc. (%), X3: HWG conc. (%), Y2: DPPH radical scavenging activity (DF).
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Fig. 3. Response surface plots for sensory preference in Maillard reaction. Xi: NaCl conc. of HWG (%), Xo: ribose conc. (%),

Xs3: HWG conc. (%), Ys: flavor sensory test (score).
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Table 6. Optimal conditions of Maillard reaction

Critical value

Independent variables

Coded Uncoded
Xy -1.6818 3
X2 -0.4481 6.20
X3 1.3185 13.27

X1: NaCl conc. of HWG (%), Xq: ribose conc. (%), X3: HWG
conc. (%).

Table 7. Predicted values of response variables in critical
Mailard reaction

Response variables Predicted values”

Y, 700
Y3 8.42

Yo: DPPH radical scavenging activity (DF), Ys: flavor sensory

test (score).

DCalculated using the predicted polynomial equations for re-
sponse variables.
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