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Optimization of Steamed Bread Making with Addition of Green Tea Powder
Using Response Surface Methodology
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*Dept. of Statistics, Changwon National University, Changwon 641-773, Korea

Abstract

High strength flour (12.5% protein) and low strength flour (10.5% protein)were used to determine optimum
formulation for steamed bread added with green tea powder (GTP). The response surface study consisted
of the following independent variables : GTP (1.5~4.5%), mixing time (8~ 14 min), fermentation time (30~50
min). Bread quality attributes measured for total bread score of each combination were loaf volume, spread
ratio, surface glossiness, smoothness, grain and texture (firmness, cohesiveness, elasticity and adhesiveness).
The required amount of GTP, mixing time and fermentation time for steamed bread made from two kinds
of flour were different. GTP could be more added to lower strength flour than higher strength flour without
losing bread quality. GTP highly affected the loaf volume, spread ratio, surface smoothness, firmness and
total bread score of steamed bread (p<0.001). The results suggested that the functional steamed bread added
with GTP having excellent quality can be made from low strength flour using green tea powder 3.2%, mixing
time 11 min 8 sec and fermentation time 39 min 55 sec.

Key words: green tea powder, steamed bread quality, protein content, response surface methodology
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Table 1. Levels of factors in HLF" steamed bread with addition of green tea powder according to central composite design

Factors
Treatment ) Actual Coded?
Block
no. -{zreen tea Mixing time Fermentation time X X X
. . 1 2 3
powder (%) (min) (min)

1 1 45 8 50 1 -1 1
2 1 30 10 40 0 0 0
3 1 15 8 30 -1 -1 -1
4 1 30 10 40 0 0 0
5 1 15 12 30 -1 1 -1
6 1 45 12 50 1 1 1
7 1 45 12 30 1 1 -1
3 1 30 10 40 0 0 0
9 1 15 12 50 -1 1 1
10 1 45 8 30 1 -1 -1
11 1 15 8 50 -1 -1 1
12 1 30 10 40 0 0 0
13 2 30 7 40 0 -1.6 0
14 2 0.7 10 40 -16 0 0
15 2 3.0 10 40 0 0 0
16 2 3.0 10 56 0 0 1.6
17 2 3.0 13 40 0 1.6 0
18 2 54 10 40 16 0 0
19 2 30 10 40 0 0 0
20 2 3.0 10 24 0 0 -1.6

1)HLF blend of 50% low strength flour and 509 high strength flour.

2X,= =green tea powder, Xo=mixing time, Xs=fermentation time.
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Table 2. Levels of factors in HF" steamed bread with addition of green tea powder according to central composite design

Factors
Treatment Actual Coded”

no. Block G — - - -

reen tea M1X1ng time Fermenta.tlon time X, X, X,
powder (%) (min) (min)

1 1 45 10 50 1 -1 1
2 1 3.0 12 40 0 0 0
3 1 1.5 10 30 -1 -1 -1
4 1 3.0 12 40 0 0 0
5 1 1.5 14 30 -1 1 -1
6 1 45 14 50 1 1 1
7 1 45 14 30 1 1 -1
8 1 3.0 12 40 0 0 0
9 1 15 14 50 -1 1 1
10 1 45 10 30 1 -1 -1
11 1 15 10 50 -1 -1 1
12 1 3.0 12 40 0 0 0
13 2 3.0 9 40 0 -16 0
14 2 0.7 12 40 -1.6 0 0
15 2 3.0 12 40 0 0 0
16 2 3.0 12 56 0 0 1.6
17 2 3.0 15 40 0 16 0
18 2 5.4 12 40 16 0 0
19 2 3.0 12 40 0 0 0
20 2 30 12 24 0 0 -16

YHF: high strength flour.

2)Xlzgreen tea powder, Xy=mixing time, Xs=fermentation time.
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Table 3. Quality evaluation system for steamed bread with addtion of green tea powder
Full

Quality parameter score Criterion
Volume (cc) 20 score
181~190 20
171~180 17
161~170 14
151 ~160 11
141~150 8
131~140 5
121~130 2
Spread ratio 10 score
(width/height) 1.80~1.84 10
1.85~1.89 9
1.90~1.94 8
1.95~199 7
2.00~2.04 6
2.056~2.09 5
2.10~2.14 4
2.15~2.19 3
2.20~2.24 2
2.24< 1
Glossiness 10  High score given to glossy skin (subjective) o
Smoothness 10  High score given to very smooth skin, free of wrinkles, dimples, blisters or gelatinized spots (subjective)
Grain 10 High score given to evenly open crumb (subjective)
Firmness 10 High score given to soft crumb (objective)
Cohesiveness 10 High score given to cohesive crumb (objective)
Elasticity 10 High score given to elastic crumb (objective)
Adhesiveness 10 High score given to crumb that does not adhesive to teeth when chewing (objective)
Total score 100

Table 4. F ratio for the effects included in the best-fitting models from the optimization test for the HLF

Effects of Total Spread Gloss- Smooth- . - Cohe- - Adhe-
Factors” score Volume ratio iness ness Grain Firmness siveness Elasticity siveness
Linear
Xi 5.35*% 48.80***  85.62*** 19.83** 38.85%** 7.66* 5.85* ns ns ns
Xo 7.99* ns ns ns ns ns ns ns 10.98** ns
X3 ns 1548** . 26.36*** 7.30* 51.57*** 11.93** ns ns 16.48** ns
Quadratic
X 3329%**  16.34** ns 6050***  6LO7T***  2658***  561* ns ns ns
Xy ns ns ns ns 5.80* ns ns ns ns
X5 35.26™**  29.05*** ns 51.07***  38.37*** 5.80" ns ns 9.58* ns
Interraction
XXz ns ns ns 47.42%** ns ns ns ns ns ns
X1 X3 ns ns 5.78* 8.71* 7.86* ns ns ns ns ns
XoX3 ns ns ns ns ns ns ns ns ns ns

1)Xlzgreen tea powder, Xo=mixing time, Xs=fermentation time.
Px #x *xxgionificant at p<0.05, p<0.01, p<0.001 respectively, ns = not significant.

Table 5. Polynomial equation calculated by RSM program for HLF steamed bread with addition of green tea powder

Response Polynomial equation R? ? Significance
Total score Y =75.33-1.93X; +2.25X2+0.73X5-4.84X >+ 0.97X X2~ 1.89X*-2.28X; X5-2.03XX35-4.98X5* 091  0.0012**"
Volume Y1 = 18.12-2.90X; +0.08Xo+ 1.63X5-1.69X,°-0.56X2"—0.75X X 35-2.25X5° 093  0.0005***
Spread ratio  Yz= 5.47-2.23X;+0.09X2-1.24X35-0.55X,’-0.25X, Xz + 0.2X™0.75X 1 X5-0.5X2X3-0.17X5" 093  0.0004***
Glossiness Yi= 9.34-0.33X1-0.03X2-0.2X3-0.58X,’ + 0.66X,X»-0.16X2*—0.28X: X5-0.15X2X3-0.53Xs" 096  0.0001***
Smoothness  Yy= 9.35-0.54X;+0.06X2-0.62X35-0.68X,% - 0.06X1X2-0.07X5 +0.31X;X5-0.54X5" 096  0.0001***
Grain Ys= 9.28-0.23X, +0.11X>-0.29X5-0.44X,>+0.13X,X5-0.21X°+ 0.19X,X5-0.13X:X5-021Xs>  0.87  0.0056**
Firmness Yo= 889-0.76X;+0.52X5+0.37X5-0.75X >+ 0.25X:X2-0.38X5>-0.5X:X5-0.38X5" 069  0.1491
Cohesiveness  Y7= 3.60+0.15X; +0.30X2+0.18X5+0.02X>-0.36X7# - 0.25X5X3-0.17X5 051 05549
Elasticity Ys= 8.88+0.60X;+0.97X2+1.18X5-0.53X1%-0.35X2"- 0.25X,X5-0.75X2X35-0.9X5 0.85 00113

Adhesiveness  Yo= 2.38-0.15X; +0.15X2-0.27X3-0.36X,%-0.25X X2-0.01X°-0.75X, X5+ 0.25X X3+ 0.17Xs> 046  0.6640

*¥* ***Significant at p<0.05, p<0.01, p<0.001 respectively.
¥R? = Coefficient of determination.
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Table 6. F ratio for the effects included in the best-fitting models from the optimization test for the HF

Eff flects gf Total Volume Sprgad @OSS* Smooth- Grain Firmness . Elasticity Adhe
actors score ratio iness ness siveness siveness
Linear
Xy 39.23***Y  89527*** 92.18***  7.34* 57.41%* ns 12.62** ns 6.25" ns
Xo ns 13.85** ns ns ns ns ns ns 8.78* ns
X3 9.30* 201.28%**  22.34** ns 16.43*** ns ns ns ns ns
Quadratlc
X1 ns 121.24*** ns 72.81%** 131.13***  290.67*** ns ns ns 6.77*
X5 ns 121.24*** ns 5.92%* 752%* ns ns ns ns ns
Xq’ 7.86* 121.99%** ns 16.60**  13.04**  20.75** ns ns ns ns
Interraction
XiX2 ns ns 1.71* ns ns ns ns ns ns ns
X1Xs ns 20.98*** ns ns ns 23.79*** ns ns ns ns
XoX3 ns ns ns ns ns ns ns ns ns ns
by, = green tea powder, X2 = mixing time, X3 = fermentation time.

2)*,**,***Significant at p<0.05, p<0.01, p<0.001 respectively, ns = not significant.

Table 7. Polynomial equation calculated by RSM program for HF steamed bread with addition of green tea powder

Response Polynomial equation R?  Significance
Total score Y =69.26-6.21X; +2.23Xo+2.93X3-3.57X,° +0.31 X X2~ 2.13X7—2. 75X X5-0.19X2X3-2.87X5" 090  0.0022**?
Volume Y1 = 13.98-4.76X, +0.59Xo + 2.63Xs~1.77X,2-0.38X1Xo- 1.77X - 1.13X,X3-0.38X>X3-1.81X5” 099  0.0004***
Spread ratio Yz =5.23+2.13X,-0.25Xo-1.02Xs+ 0.15X, >+ 0.38X X2+ 0.15X,°~0.13X1 X5+ 0.13XoX3+ 0.55X5° 093 0.0007***
Glossiness Y3 = 9.11-0.25X, +0.01X2-0.17X5-0.79X,% + 0.16X 1 X2-0.22X5*-0.22X X3 + 0.03X2X3-0.38 X" 092 0.0000***
Smoothness  Ya = 9.08-0.48X,-1.35X2-0.25X3-0.74X,% +0.06 X1 X2-0.18X5"~0.06 X X5+ 0.06X 2X3-0.24X5 096  0.0000***
Grain Y5 = 8.94-0.09X, +0.44X> +0.05X5-0.77X,° +0.09X 1 X2-0.07X" +0.28X1X5-0.33X2Xs-0.21X5" 097  0.0000***
Firmness Yo = 8.43-1.43X, +0.15X0 +0.48X5-0.59X 2 4+ 0.16X5>-0.25X X5+ 0.25X2X3-0.23X5” 070  0.1625
Cohesiveness Y7 = 4.86-0.67X; +0.63X2+0.51 X5 +0.06X,%+ 0.5X, X2+0.06X2"~0.75X, X3-0.16X5" ‘ 0.75  0.0763
Elasticity Yg = 6.77-0.96X, + 1.14X0 +0.73X3+0.21X,%-0.63X1 X2~ 0.35X7°-0.63X 1 X5-0.38XX3 + 0.23X5° 073 0.0968
Adhesiveness Yo = 2.89+0.29X;-0.08X5-0.27X3+0.58X,> + 0.13X, X2+0.01X2* +0.13X, X5 + 0.13X2X5-0.32Xs* 082 0.0207*

Dx 2 sxxgionificant at p<0.05, p<0.01, p<0.001 respectively.
YR? = Coefficient of determination.
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Fig. 1. Response surface of total score of HLF steamed bread as effects of green tea powder, mixing time and fermentation

time.

X1 = green tea powder, Xz = mixing time, X3 = fermentation time.
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Fig. 2. Response surface of total score of HF steamed bread as effects of green tea powder, mixing time and fermentation

time.
X = green tea powder, Xz = mixing time, Xs = fermentation time.
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Fig. 3. Response surface of volume of HLF steamed bread as effects of green tea powder, mixing time and fermentation

time.

X1 =green tea powder, Xz = mixing time, X3 = fermentation time.
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Fig. 4. Response surface of volume of HF steamed bread as effects of green tea powder, mixing time and fermentation

time.

Xi = green tea powder, X2 = mixing time, X3 = fermentation time.
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Table 8. Optimum conditions of steamed bread with addition

of green tea powder

HLF" HF”
Green tea powder (%) 3.21 1.08
Mixing time (min) 11.13 12.76
Fermentation time (min) 39.91 51.11
Stationary point maximum maximum

Y2 Apbreviation: HLF, HF are same as Table 1, 2.
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