Contents

1 Introduction

1.1 Background ......... ... ...
1.2 Aims and Objectives . .......o.vriin i
References. .. ... ..o
2 Literature Review ... ... ... .. .. ... ... ... i
2.1 Anthocyanins . ... .......oiiti i
2.2 Colorof Anthocyanins. ........... ...,
2.3 Function of Anthocyanins . ............. .. ..coiiiieninn.
2.4 Stability of Anthocyanins. .. ......... ... . i
24.1  Structure Influence. ........ ... .. .. . L.
24.2  Co-pigmentation Influence. .................... ...
243 pHInfluence............ ... ...
244 Thermal Influence ........... .. .. .. .. .. .. .. ...
2.4.5 Solid ContentInfluence . .........................
2.4.6  Water Activity (Aw) Influence . .. ..................
247 Oxygenlnfluence........... .. .. .. . ... ... ...
2.5  Degradation of Anthocyanins. ... ............... .. .. . ...
References. .. ... ...
3 Monte Carlo Modelling of Non-isothermal Degradation

of Two Cyanidin-Based Anthocyanins in Aqueous System
at High Temperatures and its Impact on Antioxidant Capacities . . .

3.1 Introduction . .......... .
3.2  Materialsand Methods. . .......... ... .. .. . .
321 Materials. ... ...
3.2.2  Purification Procedure of Anthocyanins. .............
3.2.3  Thermal Treatment of Anthocyanin Solutions. ........
3.24  Quantification and Identification of Anthocyanins
Using LC/DAD and LC/MS. . ... ... ... ... ..
3.2.5 Non-isothermal Kinetic Modelling . ................
3.2.6  Monte Carlo Simulation. .. .......................

O O 0000 1 WU U W — —



Xiv

Contents

3.2.7  Validation of the Developed Models ................
3.2.8  Antioxidant Capacity Measurement. .. ..............
3.3 Resultsand Discussion. . ........... .. ..o
3.3.1  Anthocyanin Composition of Black Rice ............
3.3.2  Degradation Rate Constant and Activation Energy . . . ..
333 Model Validation . .......... ... ... ... ...

3.3.4  Monte Carlo Simulation of Non-isothermal
Degradation ........... .. ... i

3.3.5 Antioxidant Capacity of Thermally Treated
Anthocyanin Solutions. . ............ ... ... ......
34 Conclusions . .........uiuiii i
References. . ... ..o

Combined Effect of pH and High Temperature on the

Stability and Antioxidant Capacity of Two Anthocyanins

in Aqueous Solution. . . ......... .. ... ... .. .

4.1 Introduction ........... ...t

4.2 Materials and Methods. .. ....... ... .. ... . ..
421  MaterialS. .. ...
4.2.2  Cleaning Procedure of Anthocyanins. ...............
4.2.3  Preparation of Anthocyanin Buffer Solution ..........
4.2.4  Thermal Treatment of Anthocyanin Buffer Solutions . . .
4.2.5  Quantification of Anthocyanins Using HPLC/DAD .. ..
4.2.6  Antioxidant Capacity Analysis. . ...................
4.2.77  Kinetic Model Development ......................
4.2.8  Statistical AnalysiS. . ...... .. ..o i

4.3 Resultsand Discussion. . . ...........co. i
4.3.1  pH Profile of Anthocyanin Buffer Solutions ..........
4.3.2  Thermal Degradation Kinetics. . ...................
433 AntioxidantCapacity .. .............cooiiii...

44 Conclusions . .........o.ii

References. . . ...

Changes in the Color, Chemical Stability and Antioxidant

Capacity of Thermally Treated Anthocyanin Aqueous Solution

OVer Storage . ...ttt e

5.1 Introduction . ............iii

5.2 Materialsand Methods. . .......... ... ... .. . .
521 MaterialS. ... ...
5.2.2  Purification Procedure of Anthocyanins. .............
523  Thermal Treatment of Anthocyanin Aqueous Solution. . . .
524  Accelerated Shelf-Life Testing. . . .. ................
5.2.5  Quantification of Anthocyanins Using HPLC/DAD . . ..
5.2.6  Color Measurement and Modelling . .. ..............
5.2.7  Antioxidant Capacity Measurement. . . ..............
5.2.8  Statistical Analysis. .. ...... ... .. i



Contents

5.3  Resultsand Discussion. . ........ ... .. .. i
5.3.1  Changes in Color During Storage ..................
5.3.2  Analysis and Modellingof TCD ...................

5.3.3  Changes in Anthocyanin Concentration
During Storage. . . ...
5.3.4  Changes in Antioxidant Capacity During Storage. . . . ..
54 Conclusions . .........uiuiii i
References. . ... ... ..o

Anthocyanins During Baking: Their Degradation Kinetics

and Impacts on Color and Antioxidant Capacity of Bread. ........
6.1 Introduction .............. ...
6.2  Materialsand Methods. . ........ .. .. .. .. i
6.2.1 Materials. . ....... .
6.2.2  Bread Sample Preparation . .......................
6.2.3  Moisture Content Analysis. .. ........... ...,
6.24 pHMeasurement . ...........c.o.vuninenennenan..
6.2.5 Color Measurement . ................oouviunen...
6.2.6  Extraction of Anthocyanins .......................
6.2.7  Quantification of Anthocyanins Using HPLC/DAD . . ..
6.2.8  Non-isothermal Kinetic Modelling .................
6.2.9  Antioxidant Capacity Analysis. . ...................
6.2.10 Total Phenolics Analysis .........................
6.2.11 Statistical AnalysiS............... ...
6.3 Resultsand Discussion. . ........ ... .. .. . i
6.3.1  Temperature-Time Profile . . . ............... ... ...
6.3.2  Moisture Content Analysis. .. ........... ...
6.3.3 pHVariation................ ..
6.3.4  Color Development ................c.cooienon..
6.3.5 Non-isothermal Kinetic Modelling .................
6.3.6 Model Validation ........... ... ... ... ... .. ...
6.3.7  Antioxidant Capacity and Total Phenolic Content. . . . ..
6.4  Conclusions . ....... ..ottt
References. ....... ..o

Bread Fortified with Anthocyanin-Rich Extract from Black
Rice as Nutraceutical Sources: Its Quality Attributes

and In Vitro Digestibility .............. ... ... ... ... ... ....
7.1 Introduction . ........ ...
7.2 Materials and Methods. . .......... ... .. .. . ..
7.2.1 MaterialS. ... ...
7.2.2  Rheological Characteristics of Bread Dough..........
7.2.3  Bread Preparation................ ... .. .. .. ... ...
7.2.4  Quality Attributes Analysisof Bread .. ..............
7.2.5  InVitro Digestibility Study ................. ... ...

7.2.6  Measurement of Anthocyanins. .. ..................

XV



XVi

Contents
7.2.7  Mathematical Modelling ......................... 92
7.2.8  Statistical Analysis. ........... ... . i 93
7.3  Resultsand Discussion. . ........... .. .. ... 93
7.3.1  Farinograph Analysis............. ... ... ... ..... 93
7.3.2  Extensograph Analysis........................... 94
7.3.3  Bread Specific Volume. ............... ... ... ... .. 94
734  Texture Analysis..............c. i 96
7.3.5  Analysis of Digestibility ......................... 97
7.3.6  Mathematical Modelling ......................... 98
7.3.7  Released Anthocyanins in Dialysates. .. ............. 99
T4 ConClUSIONS . ..ot v ettt 100
References. . ... ..o 101
Anthocyanins as Functional Ingredients in Biscuits:
Their Stability, Antioxidant Capacity, and Preventive Effect
on Retarding Lipid Oxidation . . .............................. 103
8.1 Introduction .......... ... 103
8.2 Materialsand Methods. . ......... ... ... ... . L. 104
82.1 Materials. . ...... ... 104
8.2.2  Preparation of Biscuits. .............. ... .. ... .... 105
8.2.3  Accelerated Shelf Life Storage .................... 106
8.24  Extractionof Lipids............. ... .. .. ... .... 106
8.2.5  Extraction of Anthocyanins . ...................... 106
8.2.6  Quantification of Anthocyanins . ................... 107
8.2.7  Mathematical Modelling . ........................ 107
8.2.8 pHMeasurement ..............c.oiiniinennon... 108
8.2.9  Antioxidant Capacity Analysis. .................... 108
8.2.10 Peroxide Value Determination . ... ................. 108
8.2.11 Statistical Analysis........... ... ... ... .. ... ... 109
8.3 Resultsand Discussion. .. ............c.ouiuiiiiinn... 109
8.3.1  The Stability of Anthocyanins ..................... 109
832 Changeof pH...... ... . . .. 110
8.3.3 Antioxidant Capacity . ......... ..., 111
8.3.4  Peroxide Value Analysis. . ........................ 112
84  ConCluSiONS . . ..o\ttt 113
References. . ... ..o 113
In Vitro and In Silico Studies of Anthocyanins Against
Pancreatico-Amylase. . .......... ... ... ... ... .. ... .. 115
9.1  Introduction ........... ...ttt 115
9.2  Materials and Methods. . .......... ... .. .. .. . . .. 116
9.2.1  MaterialS. .. ... 116
9.2.2  Inhibition Activity and Mechanism Study ............ 116
9.2.3  In Silico Molecular Docking Study . ................ 117

9.2.4  Statistical Analysis. ........... ... . i i 118



Contents xvii

10

9.3 Results and DiSCUSSION. . . ..ot i it 118
9.3.1  The Inhibition Type of Anthocyanins. ............... 118
9.3.2  Inhibition Kinetics Analysis. ...................... 119
9.3.3  Molecular Docking Studies . ...................... 121
9.4 ConcCluSionS . . .....c.uiiin e 123
References. . ... ... 124
Conclusions and Recommendations ........................... 127
10.1  ConcCluSions . . ...ot it e 127
10.2 Recommendations for Future Work . .. ..................... 128

Reference. . . ... e 129



2 Springer
http://www.springer.com/978-981-10-2611-9

Impact of Food Processing on Anthocyanins
Sui, X,

2017, %000, 129 p. 27 illus,, 8 illus, in color., Hardcover
ISBEMN: @78-981-10-2611-9



	Contents



