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Fig. 2-1. Temperature change during dough preparation. 
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Fig. 2-2. Preparation of pizza crust dough.                                      
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Fig. 2-3. Schematic of starch gelatinization. 
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Table 2-1. Structure, composition, and gelatinization properties of various types of starch. 

 μm  
%  %  ℃ * 

 
BU * 95℃  

 

 
2-30 

13-15  26 39 75-80 600 24  

 2-80 
30-40  20 25 60-65 3000 1153 

 
 

 
2-40 

15-40, 
2-10  

24 36 80-85 300 21  

 2-35 
20  17 38 65-70 1000 71 

 
 

* 5% 50 95℃ 1.5℃/ 60  

 The data were taken from a literature ., 1996 . 
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σ = σ0 sin (ωt + π/2)    2-2  

σ = σ0 sin (ωt +δ) (0 < δ < π/2)  2-3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-4. Stress-strain curve and stress-time curve for a) elastic, b) viscous, and c) viscoelastic 

materials, respectively. 
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Fig. 2-5. Schematic diagram of temperature-controlled rheometer and pizza crust shape during 

texture measurement. 
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Fig. 2-6. Compression of the whole pizza crust sample using a rheometer of our own design. 
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Table 3-1. The recipe for model dough. 

Wheat flour Wheat starch Water

GWS0 100 0 

50 

60 

70 

80 

GWS10 90 10 

60 

70 

80 

GWS20 80 20 
70 

80 
Unit is gram. 
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Table 3-2. The recipe for pizza dough. 

Wheat flour Wheat starch Water Oil Sucrose NaCl Yeast

Conventional 100 0 60 3 2 2 2 

Modified 80 20 80 3 2 2 2 
Unit is gram. 
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al., 2021 1.0mm 1Hz 1Pa~10,000Pa 25℃
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G” σyield G’ G” 3
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Fig. 3-1. Typical viscoelastic measurement result of model dough (GWS0). 
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Fig. 3-2. Effect of water content on G’ of model dough. The values are expressed as the mean ± 

SD (n = 3). The horizontal dashed line is the G’ of the basic model dough (GWS0, Water 60g). 
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Fig. 3-3. Effect of water content on G” of model dough. The values are expressed as the mean ± 

SD (n = 3). The horizontal dashed line is the G” of the basic model dough (GWS0, Water 60g). 

 

 

 

 

 

 

 

 

Fig. 3-4. Effect of water content on σyield of model dough. The values are expressed as the mean 

± SD (n = 3). The horizontal dashed line is the σyield of the basic model dough (GWS0, Water 60g). 
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Fig. 3-5. Storage modulus (G’) of conventional and modified pizza doughs and model doughs.  

The values are expressed as the mean ± SD (n = 3). Values with different letters are significantly 

different at p < 0.05.  
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Fig. 3-6. Loss modulus (G”) of conventional and modified pizza doughs and model doughs.  

The values are expressed as the mean ± SD (n = 3). Values with different letters are significantly 

different at p < 0.05. 

 

 

 

 

 

 

 

Fig. 3-7. Yield stress (σyield) of conventional and modified pizza doughs and model doughs. The 

values are expressed as the mean ± SD (n = 3). Values with different letters are significantly 

different at p < 0.05. 
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Fig. 4-1. Images of each part obtained from pizza crust. 
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Fig. 4-2. 3D scan image and apparent density of conventional and modified pizza crust samples. 

The values are expressed as the mean ± SD (n = 3). n.s.: no significant difference. 

 

Fig. 4-3 Fig. 4-3

Purlis et al., 2009
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Fig. 4-3. Water content of conventional and modified pizza doughs and crust samples. The values 

are expressed as the mean ± SD (n = 3). *: significant difference, n.s.: no significant difference. 

 

 

- Fig. 4-4

Majzoobi et al., 2016
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Fig. 4-4. Typical apparent stress-strain curve of conventional pizza crust sample. 
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Fig. 4-5. Apparent compressive stress at constant strain of conventional and modified crust 

samples.  The values are expressed as the mean ± SD (n = 3). *: significant difference, n.s.: no 

significant difference. 

 

Fig. 4-6

Njintang et al., 2007  
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Fig. 4-6. Sensory evaluation score of conventional and modified crust samples. The values are in 

the range between –2 (firm or not sticky) and +2 (soft or sticky). The values are expressed as the 

mean (n = 10). *: significant difference. 
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Fig. 2-7 5-2 %  

 = (Hi - Hs) / (Hi - Hmin) × 100 5-2  
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Microsoft Excel R 4.0.2 for Windows t Tukey-Kramer p 

< 0.05  

 

5-3.  

 

200 15 - Fig. 5-1

 

 

 

 

 

 

 

 

 

Fig. 5-1. Typical apparent stress-strain curve of pre-baked pizza crust samples (200 ºC, 15min). 

Dashed line is an approximate line. 

 



 

37 
 

Fig. 5-2
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Fig. 5-2. Relationship between water content and initial elasticity for pre-baked pizza crust 

samples. The values are mean ± SD (n = 3). Values with different letters are significantly different 

at p < 0.05. 
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Fig. 5-3. Effect of loading weight on the deformation ratio of pre-baked pizza crust samples. The 

values are mean ± SD (n = 3). n.s.: no significant difference. 
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Mandala et al., 2005

 

 

 

 

 

 

 

Fig. 5-4. Cross-sectional images of pre-baked pizza crust samples (200 ºC, 15min) before and 

after loading. 
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Fig. 5-5. Effect of the pre-baking time on the aw of pizza crust samples. The values are mean ± 

SD (n = 3). Values with different letters are significantly different at p < 0.05. 

 

 

200 15

0.48 0.01g/g-DM



 

41 
 

60

Fava et al., 

1999

Vittadini et 

al., 1996; Kawai et al., 2007  

Fig. 5-6

0.74 ± 0.01 g/g-DM 0.55 ± 0.01 g/g-DM

0.48 ± 0.01 g/g-DM

0.30 ± 0.02 g/g-DM 

0.72 ± 0.01 g/g-DM 0.43 ± 0.00 g/g-DM

Thorvaldsson et al., 1998

 



 

42 
 

 

 

 

 

 

 

 

 

 

Fig. 5-6. Water content of normal and final baked pizza crust samples with and without 

rehydration. The values are expressed as the mean ± SD (n = 3). Values with different letters are 

significantly different at p < 0.05. 
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Fig. 5-7. Typical force-strain curve of whole compressed pizza crust sample (rehydrated and final 

baked sample). 
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9

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-8. Effect of rehydration on compression force of final baked pizza crust at each strain. The 

values are expressed as the mean ± SD (n = 3). *: significant difference, n.s.: no significant 

difference. 
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Fig. 5-9. Effect of rehydration on sensory score (softness) of final baked pizza crust sample. The 

values are expressed as the mean ± SD (n = 3). *: significant difference. 
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