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Figure A.1.2 Graph for determination of time constant from staling equation using 

Young’s modulus 
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APPENDIX 2 RESULTS OF DSC ANALYSIS 

Table A.2.1 Onset temperature (To), Peak temperature (Tp), Conclusion temperature (Te) 

and Glass transition (Tg) for control, HNY, SHP and HP breads as obtained from DSC 

  DAY 0 DAY 1 DAY 3 DAY 6 DAY 9 DAY 12 

Control To 

(°C) 

-12.64± 

1.07
A,a

 

-13.17± 

0.77
A,a

 

-15.21± 

0.49
AB,bc

 

-15.24± 

1.19
AB,a

 

-15.65± 

0.30
AB,a

 

-16.67± 

0.52
B,ab

 

HNY -12.95± 

0.49
A,ab

 

-12.02± 

0.66
A,a

 

-12.28± 

0.20
A,a

 

-13.43± 

1.04
A,a

 

-16.78± 

2.83
A,a

 

-14.91± 

0.07
A,a

 

SHP -13.16± 

0.34
A,ab

 

-14.01± 

0.78
A,a

 

-13.72± 

0.02
A,ab

 

-16.99± 

1.11
B,a

 

-18.16± 

0.20
B,a

 

-17.04± 

0.83
B,b

 

HP -15.29± 

0.001
A,b

 

-15.01± 

1.70
A,a

 

-16.44± 

0.71
A,c

 

-17.25± 

0.37
A,a

 

-17.39± 

0.01
A,a

 

-17.57± 

0.29
A,b

 

Control Tp 

(°C) 

-5.97± 

0.45
A,a

 

-6.94± 

0.40
A,a

 

-7.83± 

0.75
A,ab

 

-7.77± 

0.09
A,a

 

-8.34± 

0.05
AB,a

 

-10.25± 

1.11
B,a

 

HNY -6.19± 

0.11
A,a

 

-5.98± 

0.26
A,a

 

-6.25± 

0.40
A,a

 

-7.14± 

0.77
A,a

 

-9.86± 

3.69
A,a

 

-7.91± 

0.18
A,a

 

SHP -6.90± 

0.29
A,a

 

-6.70± 

0.53
A,a

 

-6.96± 

0.23
A,ab

 

-9.52± 

1.75
AB,a

 

-11.89± 

0.39
B,a

 

-10.33± 

1.51
AB,a

 

HP -8.10± 

0.18
A,b

 

-10.06± 

2.43
A,a

 

-8.76± 

0.86
A,b

 

-9.61± 

1.03
A,a

 

-10.39± 

0.19
A,a

 

-10.25± 

0.50
A,a

 

Control Te 

(°C) 

-2.08± 

1.76
A,a

 

-4.68± 

0.23
AB,ab

 

-4.66± 

0.21
AB,a

 

-4.91± 

0.62
AB,a

 

-5.12± 

0.33
AB,a

 

-5.67± 

0.02
B,a

 

HNY -3.14± 

0.21
A,a

 

-2.87± 

0.21
A,a

 

-3.21± 

0.26
A,a

 

-4.10± 

0.52
A,a

 

-5.82± 

2.33
A,a

 

-5.07± 

0.12
A,a

 

SHP -3.58± 

0.42
A,a

 

-3.88± 

0.39
A,ab

 

-3.12± 

0.86
A,a

 

-5.49± 

0.81
AB,a

 

-7.26± 

0.23
B,a

 

-5.83± 

1.14
AB,a

 

HP -5.10± 

0.55
A,a

 

-5.67± 

0.98
A,b

 

-5.17± 

0.64
A,a

 

-5.53± 

0.22
A,a

 

-6.26± 

0.03
A,a

 

-6.73± 

0.19
A,a

 

Control Tg 

(°C) 

-12.3± 

0.88
A,a

 

-12.98± 

0.60
AB,ab

 

-14.87± 

0.28
ABC,b

 

-15.26± 

1.22
BC,ab

 

-15.39± 

0.21
BC,a

 

-16.48± 

0.51
C,ab

 

HNY -12.86± 

0.39
A,a

 

-11.81± 

0.72
A,a

 

-11.97± 

0.11
A,a

 

-13.28± 

0.99
A,a

 

-16.55± 

2.64
A,a

 

-14.86± 

0.14
A,a

 

SHP -13.20± 

0.45
A,a

 

-13.99± 

0.95
AB,ab

 

-13.78± 

0.06
A,b

 

-16.73± 

1.08
BC,ab

 

-18.11± 

0.13
C,a

 

-17.05± 

0.74
C,b

 

HP -15.42± 

0.04
A,b

 

-17.39± 

1.75
A,b

 

-16.35± 

0.65
A,c

 

-17.40± 

0.34
A,b

 

-17.71± 

0.31
A,a

 

-17.63± 

0.41
A,b

 

Values are means ± SD of 3 determinations. 
A-C

 Means with different letters in each row are 

significantly different. 
a-c

 Means with different letters in each column are significantly different 

(P>0.05) 
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Table A.2.2 Enthalpy (ΔH) and freezable water (FW) fraction of bread samples 

  DAY 0 DAY 1 DAY 3 DAY 6 DAY 9 DAY 12 

Control ΔH  

(J/g) 

71.65± 

1.04
A,a

 

52.12± 

0.77
B,b

 

46.19± 

0.19
C,b

 

43.06± 

0.51
C,b

 

38.99± 

0.45
D,a

 

27.81± 

1.69
E,b

 

HNY 67.66± 

1.18
A,ab

 

66.44± 

1.79
A,a

 

56.85± 

0.81
B,a

 

48.13± 

0.62
C,a

 

46.23± 

1.51
C,a

 

43.54± 

0.36
C,a

 

SHP 63.21± 

2.38
A,b

 

61.15± 

0.62
AB,a

 

54.19± 

2.90
A,a

 

39.84± 

0.20
BC,c

 

17.68± 

1.56
C,b

 

17.67± 

2.33
C,c

 

HP 44.72± 

2.27
A,c

 

41.74± 

1.83
AB,c

 

31.82± 

0.32
BC,c

 

26.85± 

0.86
C,d

 

24.45± 

4.32
C,b

 

22.90± 

3.75
C,bc

 

Control FW 

 (g/g solid) 

0.21± 

0.003
A,a

 

0.16± 

0.002
B,b

 

0.16± 

0.002
BC,c

 

0.14± 

0.001
CD,b

 

0.13± 

0.002
D,a

 

0.08± 

0.01
E,b

 

HNY 0.20± 

0.003
A,ab

 

0.19± 

0.01
A,a

 

0.12± 

0.002
B,a

 

0.14± 

0.002
C,a

 

0.14± 

0.004
C,a

 

0.13± 

0.001
C,a

 

SHP 0.19± 

0.01
A,b

 

0.18± 

0.001
AB,a

 

0.16± 

0.01
B,a

 

0.12± 

0.001
C,c

 

0.05± 

0.005
D,b

 

0.05± 

0.01
D,c

 

HP 0.13± 

0.01
A,c

 

0.12± 

0.01
AB,c

 

0.10± 

0.001
BC,c

 

0.08± 

0.002
C,d

 

0.07± 

0.01
C,b

 

0.07± 

0.01
C,bc

 

Values are means ± SD of 3 determinations. 
A-E

 Means with different letters in each row are 

significantly different. 
a-c

 Means with different letters in each column are significantly different 

(P>0.05). 

 

 

 

 

 

 

 

 

 

 

 

 



81 
 

APPENDIX 3 SAMPLE GRAPHS OF DSC CURVES 

 

Figure A.3.1 DSC curve showing transition of control, HNY, SHP and HP breads on day 0 

 

Figure A.3.2 DSC curve showing transition of control, HNY, SHP and HP breads on day 12 
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Figure A.3.3 DSC curve showing transition occurring in control bread during 12 day 

storage 

 

Figure A.3.4 DSC curve showing transition occurring in HP bread during 12 day storage 
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