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1. The development of Pizza with Chungkukjang and Onion :
Optimization of Pizza Crust Preparation Using Response Surface Methodology

Chae-Ran Sung, Chang-Soon Kim'
Department of Food and Nutrition, Changwon National University

Abstract

This study was conducted to develop pizza crust with additions of Chungkukjang and onion. The stickiness of
the pizza dough containing fresh Chunghukjang (C), heated Chungkukjang (HC), and fresh Chungkukjang with
added dough-improver (CI), was measured to evaluate the dough properties. The optimum conditions for pizza crust
preparation relating to the processing suitability and sensory quality were established using response surface
methodology (RSM). When HC and CI were used in dough making, dough stickiness was reduced to 37% and
51%, respectively. Therefore, the dough-improver(2%) offered the pizza dough better rheological properties when
C was used without heat treatment. On the other hand, processing suitability such as the spreadability and overall
acceptability, which included the smell and taste of the pizza, were impaired as the amount of CI increased.
However, the use of fresh ground onion in the pizza dough compensated for these impairments. The optimum
conditions for pizza crust making as determined by RSM were 25.1% onion, 7.1% Chungkukjang, and 52.3 min of

fermentation time.
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Table 1. Pizza dough formula for the measurement of

stickiness. (%, w/w)
Ingredient C HC Cl
Strong wheat flour 100(300) 100 100
Sugar 3(9) 3 3
Oil 2(6) 2 2
Instant dry yeast 1.5(4.5) 1.5 1.5
Salt 1.5(4.5) 1.5 1.5
Water 36(108) 36 36
Dough improver 0 0 2( 6)
Fresh Chungkukjang 7(21) 0 7(21)
Heated Chungkukjang 0 721) 0
Onion 25(75) 25(75) 25(75)

Abbreviations: C=Fresh Chungkukjang,
HC=Heated Chungkukjang in water bath (100°C for 10 min),
CI=Chungkukjang and dough improver, The numbers in
parenthesis indicate gram

Table 2. Operation conditions of texture analyzer for
stickiness measurement of pizza dough

Option Adhesive Test
Pre-test speed 2.0 mm/s
Test speed 2.0 mm/s
Post-test speed 10.0 mm/s
Distance 4.0 mm
Force 400 g
Time 0.1 sec
Trigger type Auto-5 g
Data Acquisition Rate 400 pps
Accessory 25 mm perspex cylinder probe
(P/25P)
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Table 3. Formula for pizza dough designed according to
RSM

Ingredient Baker’s ratio(%) Weight(g)
Strong wheat flour 100 300
Sugar 3 9
Oil 2 6
Dough improver 2 6
Instant dry yeast L5 4.5
Salt 1.5 45
Water 30.8~52.4" 92.4~157.2
Fresh Chungkukjang 22~25.8 6.6~77.4
Onion 4.5~31.5 13.5~94.5

Y56-(baker’s ratio(%) of onion x 0.8), 56= water amount in
standard formula of pizza dough without onion
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Table 4. Coded levels of independent variables in
experimental design

Independent variables

Coded
Chungkukjan Fermentation
1 grRuUKjang .
level %) Onion(%) fime (min)
-1.68 2.2 4.5 33.2
-1 7.0 10.0 40.0
0 14.0 18.0 50.0
+1 21.0 26.0 60.0
+1.68 25.8 31.5 66.8

YCoded independent value means as follow; -1.68, lowest

level; 0, middle level, +1.68, highest level
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Table 6. Quality evaluation system for pizza dough and
pizza crust with addition of Chungkukjang and onion

o

Quality parameter Criterion Slzgile
Taste 18
Sensory Odor 18
characteristics ~ 1cXture High score given to 18
of Grain acceptability o
Color 9
crust Overall 18
acceptability
Score

30.0< 5
Dough spreadability 29.0-29.9 4 5

(diameter, cm) 28.0-28.9 3

27.0-27.9 2

<26.9 1

Score

300< 5

Fermentation property 285-299 4
(co) 270-284 3 5

255-269 2

<254 1

Total score 100

Table 5. Levels of factors in pizza dough prepared with Chungkukjang and onion according to central composite design

Coded independent variables

Actual independent variables

Treatment No.

Fermentation

X1 Xz Xs Chungkukjang(%) Onion(%) time(min)

1 -1 -1 -1 7 10 40
2 +1 -1 +1 21 10 40
3 -1 +1 -1 7 26 40
Fractional 4 +1 +1 -1 21 26 40
point 5 -1 -1 +1 7 10 60
6 +1 -1 +1 21 10 60
7 -1 +1 +1 7 26 60
8 +1 +1 +1 21 26 60
9 -1.68 0 0 2.2 18 50
10 +1.68 0 0 25.8 18 50
Star point 11 0 -1.68 0 14 4.5 50
12 0 +1.68 0 14 31.5 50

13 0 0 -1.68 14 18 332

14 0 0 +1.68 14 18 66.8
15 0 0 0 14 18 50
16 0 0 0 14 18 50
Central point 17 0 0 0 14 18 >0
18 0 0 0 14 18 50
19 0 0 0 14 18 50
20 0 0 0 14 18 50

X 1=Chungkukjang, X,=Onion, X s;=Fermentation time

<=2 E 788 A #1238 A 45.(2007)
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Fig. 1. Stickiness measurements in various pizza doughs.
Abbreviations: C=Fresh Chungkukjang,

HC=Heated Chungkukjang in water bath(100°C for 10 min),
CI=Chungkukjang and dough improver.

YMeans with the same superscripts are not significantly
different at p<0.01(n=10) by Duncan’s multiple range test.
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Table 7. Response of dependent variables to reaction conditions for independent variables

Coded independent

Dependent variable

Treat- variables
ment Taste Odor Texture Grain Color Overall  Spreadability Fermentation Total
No. X3 X; X3 acceptability property score
Yy (Y2) (Ys) Ya) (Ys) Ye) (Y7 (Ys) (Yo
1 -1 -1 -1 12.34 11.80 11.00 5.67 6.50 12.06 3 3 65.37
2 +1 -1 -1 12.40 10.26 11.26 5.83 537 11.14 5 2 63.26
3 -1 +1 -1 13.46 12.40 12.84 6.50 6.53 13.46 3 2 70.21
4 +1  +1 -1 11.54 9.34 10.74 523 5.37 10.66 4 2 58.88
5 -1 -1 +1 12.40 11.66 10.94 5.90 6.53 12.00 3 4 66.43
6 +1 -1 +1 12.40 10.00 11.14 5.77 5.40 11.14 5 3 63.85
7 -1 +1 +1 13.40 11.74 12.54 6.37 6.50 13.34 3 4 70.89
8 +1  +1 41 11.40 9.26 10.66 5.10 5.40 10.66 4 3 59.48
9 -168 0 0 11.94 12.40 12.54 6.47 6.00 12.14 2 3 66.49
10 +1.68 O 0 9.60 8.20 9.80 5.10 4.63 9.34 5 2 53.67
11 0 -168 0 11.94 9.74 12.34 5.50 6.10 11.40 4 3 64.02
12 0 +168 0 12.66 11.00 11.06 5.53 6.23 12.34 3 3 64.82
13 0 0 -1.68 1246 11.26 10.60 527 6.23 11.46 4 1 62.28
14 0 0 +1.68 1226 11.40 10.34 5.20 6.27 11.26 4 5 65.73
15 0 0 0 12.40 11.00 11.94 593 6.17 11.80 4 3 66.24
16 0 0 0 12.66 11.34 11.80 597 6.23 11.86 4 3 66.86
17 0 0 0 12.66 11.54 11.84 5.90 6.27 11.86 4 3 67.09
18 0 0 0 12.74 11.14 11.84 597 6.10 11.74 4 3 66.55
19 0 0 0 12.74 11.26 11.14 5.80 6.20 11.80 4 3 65.94
20 0 0 0 12.66 11.26 11.74 5.87 6.20 11.74 4 3 66.47

X 1=Chungkukjang, Xz=onion, X s=fermentation time

Table 8. Polynomial equation calculated by RSM program for pizza crust making with addition of Chungkukjang and onion

Response Polynomial equation R* Prob>F
Taste Y,1=12.6213-0.5710X:+0.1077X>-0.0349X3-0.4975X 1 X2-0.0175X1X3-0.0325X,X5-0.5240X * 0.8610 0.0029™
+0.0181X,°+0.0394X,” ) :
Y»=11.2508-1.1591X;+0.0818X,-0.0678X3-0.2950X 1 X2+0.0550XX3-0.0450X,X3-0.3018X "
Odor 0.2770X,40.0631 X5 0.9414 0.0001
Texture Y3=11.7127-0.5970X,+0.2270X,-0.0745X3-0.5575X, X2+0.0225X 1 X3-0.0275X,X3-0.1288X* 07775 0.0220"
+0.0590X,°-0.3768X5" : :
Grain Y,=5.8963-0.3526X,+0.0059X,-0.0152X3-0.3213X,X,-0.0363X,X3-0.0538X,X5+0.0224 X ;* 0.8931 0.0009™"
-0.0732X,%-0.1724X5° . :
Y5=6.1931-0. X X X3+0.0075X,X;3-0. X;X3-0.2995X,°+0.0016X5°
Color 5 6+O%33180X4299X1+0 0160X,+0.0093X3 183 0075X;:X;5-0.2995X, 2 0.9765 0.0001
. 3
Overall Ye=11.7828-0.8768X,+0.2462X,-0.0378X3-0.4625X,X,+0.0225X,X3-0.0075X,X3-0.2667X,* 0.9420 0.0001™"
acceptability +0.1337X,>-0.0470X 5> ’ ‘
Spreadability Y7=3.9965+0.8091X;-0.2697X,-0.2500X;X>-0.1551X,%-0.1551X,°+0.0221X5* 0.9902 0.0001""
Fermentation  Y35=2.9983-0.3430X,-0.0733X>+0.8589X5+0.1250X,X7-0.1250X;X5+0.1250X2X3-0.1661X,* 0.9084 0.0004™
property +0.0110X,°+0.0110X5° ' '
Total score  Ys=66.4518-3.5902X;+0.1373X,+0.6380X3-2.2588X;X>-0.0713X;X3-0.0488X,X1-1.8196X* 09371 0.0001"

-0.2819X,7-0.4289X5>

p<0.05,” p<0.01,  p<0.001
R’= Coefficient of determination
X 1=Chungkukjang, X ,=onion, ¥ s=fermentation time
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Table 9. Model coefficients estimated by multiple linear regression for independent variables

Taste Odor Texture Grain Color Overall  Spreadability Fermentation Total score
Factor acceptability property
(Yp (Y2) (Ys) (Y9 (Ys) (Ye) (YD) (Ys) (Yo)
Constants 12.62 11.25 11.71 5.90 6.19 11.78 4.00 3.00 66.45
Linear
X 057 1167 -0.60” 035" 0507 0887 0817 034" -3.597
X 0.11 0.08 0.02 0.01 0.02 0.25 0277 -0.07 0.14
X; -0.03 -0.07 -0.07 -0.02 0.01 -0.04 0.00 0.86" 0.64
Quadratic
X -0.527 -0.307 -0.13 0.02 -0.307 0277 -0.16" -0.17 -1.827"
Xy’ 0.02 -0.28" 0.06 -0.07 0.00 0.13 -0.16 0.01 -0.28
X" 0.04 0.06 -0.38 017" 0.03 -0.05 0.02 0.01 -0.43
Interactions
X1Xs -0.50" -0.307 -0.56" 03277 0.00 046 025" 0.13 2267
X1X3 -0.02 0.06 0.02 -0.04 0.01 0.02 0.00 -0.13 -0.07
XX -0.03 -0.05 -0.03 -0.05 -0.01 -0.01 0.00 0.13 -0.05
Lack of fit 0.0023" 0.0256" 0.0426" 0.0042™ 0.0366" 0.0002"" 0.00017" 0.0001"" 0.0025"
"p<0.05,” p<0.01, " p<0.001
X 1=Chungkukjang, X.=onion, X s=fermentation time
Taste Odor
134 131
127 119
12.0 108
13 35 07 315
10'25_2 125 Onion (%) 8'5252 135 Onion (%)
9.9 9.9
Chungkukjang (%) 22 45 Chungkukjang (%) 2248
Fig. 2. Response surface plot for the effects of Fig. 3. Response surface plot for the effects of
Chungkukjang and onion on the taste. Chungkukjang and onion on the odor.
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Fig. 4. Response surface plot for the effects of
Chungkukjang and onion on the overall acceptability.
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Fig. 5. Response surface plot for the effects of
Chungkukjang and onion on the spreadability.
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Table 10. Optimum conditions of pizza dough with addition
Chungkukjang and onion by RSM model

Factor Optimum Code Optimum
Chungkukjang(X 1) -0.98 7.1(%)
Onion( X 7) 0.89 25.1(%)
Fermentation time( X 3) 0.23 52.3(min)

Table 11. Comparisons of quality evaluation of pizza crust
from RSM

Predicted value”  Actual value”

Odor 12.2 14.1
Taste 13.2 14.4
Texture 12,9 13.9
Grain 6.5 6.8
Color 6.4 6.9
Overall acceptability 13.1 14.1
Spreadability 29 3.0
Fermentation property 33 3.0
Total score 70.2 76.3

YPredicted score by polynomial equation from RSM
Actual score obtained at optimum conditions from RSM
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