
 
 

v 

Contents 

 
 Page 
Abstract I 
Acknowledgements III 
Contents V 
List of Figures VIII 
List of Tables IX 
List of Symbols X 
List of Abbreviations XI 
   
   

Chapter 1: Introduction 13 

 1.1 Motivation  13 
 1.2 Objectives 14 
 1.3 Contribution   14 
 1.4 Thesis Overview  

  

Chapter 2: Literature Survey   15 

2.1 Food-An Introduction 16 
2.2 Computational Gastronomy - From Cook Books To Culinary Websites 17 
2.3 Sensation Of Flavor 17 
2.4 Food Pairing Principle 18 

 2.4.1 Food Pairing in World Cuisines 19 
 2.4.2 Repositories for Flavor Compounds 19 

2.5 Role of Food in Health 20 
 2.5.1  Spices in Food-Antimicrobial Hypothesis 20 
 2.5.2 Spices and Their Health Benefits 21 

2.6 Biomedical Text Mining 22 
 2.6.1 Relationship Extraction from Biomedical Texts 23 
 2.6.2 Integration of Diet-Disease Associations from Biomedical Literature 23 

 
Chapter 3: Indian Cuisine-An Analytical study  
3.1 Indian Cuisine-An Introduction 25 
3.2 Data Mining Recipes in Indian Cuisine 25 

 3.2.1 Data Source Selection 25 
 3.2.2 Data Collection And Curation Of Recipes And Ingredients  25 
 3.2.3 Compilation Of The Flavor Profiles Data 27 

3.3 Statistics of recipe size and ingredient frequency 29 
3.4 Conclusion 30 

 
Chapter 4: Spices form the basis of Food Pairing in Indian Cuisine 
4.1 Computing  Food Pairing  at Recipe Level 31 
4.2 Indian Cuisine Is Characterized With Strong Negative Food Pairing 33 
4.3 Spices Are Uniquely Placed In The Recipes 34 
4.4 Spices Are Key Contributors To The Negative Ingredient Pairing 36 

 4.4.1 Ingredient Uniqueness 36 
 4.4.2 Ingredient Contribution 36 

  
Chapter 5: Food Pairing in Regional Cuisines of India  
 5.1 Indian Regional Cuisines 37 
 5.2 Statistics Of Recipe Size And Ingredient Frequency 37 
 5.3 Regional Cuisines Exhibit Negative Food Pairing 39 
5.4 Food Pairing At Recipe Level 42 
5.5 Food Pairing At The Level Of Ingredient Pairs 44 
5.6 Contribution Of Individual Ingredients Towards Food Pairing 44 
5.7 Role Of Ingredient Categories In Food Pairing 46 

  

 



 
 

vi 

Chapter 6: FlavorDB: A Database for Flavor Molecules 
6.1 Database Overview 50 
6.2 Data Compilation 51 
6.3 Database Architecture and Web Interface 52 

 6.3.1 The Flavor Network 52 
 6.3.2 Visual Search 52 
 6.3.3 Molecular Search 52 
 6.3.4 Advanced Search 53 
 6.3.5 Entity and Natural Source Search 53 
 6.3.6 Flavor Pairing 53 
 6.3.7 Web Server Tech Stack 55 

6.4 Examples 55 
 6.4.1 Application of Flavor and Food Pairing 55 
 6.4.2 Searching for Drug Like Compounds 55 
 6.4.3 Finding Flavor Molecules Similar to any Desired Compound 56 
 6.4.4 Exploring Flavor Properties of Ingredients  56 

6.5 Summary 56 
   

Chapter 7: Text Mining Biomedical Literature for Studying Health Benefits of 
Culinary Herbs and Spices 

 

7.1 Introduction 57 
7.2 Protocol For Integration Of Spice-Phytochemical-Disease Data 58 
7.3 Data Compilation and Preprocessing 59 

 7.3.1 Compilation of Spices and Herbs Dictionary 59 
 7.3.2 Biomedical Literature 59 
 7.3.3 Named Entity Recognition 59 
 7.3.4  Mesh Hierarchy For Disease Terms 59 
 7.3.5 Sentence Segmentation and POS Tagging 60 
 7.3.6 Labelling Associations 60 

7.4 Relationship Extraction Model 61 
 7.4.1 Evaluation Metric 62 

7.5 Spice-Disease Associations 62 
7.6 Linking Spices to Diseases Through Phytochemicals 66 
7.7 Conclusion 67 

   

Chapter 8: Data-Driven Analysis Suggests Broad-Spectrum Benefits of Culinary 
Herbs and Spices 

 

8.1 Introduction 69 
8.2 Category Level Disease Associations For Culinary Herbs And Spices 69 
8.3 Broad-Spectrum Benevolence Of Herbs/Spices 71 
8.4 Culinary Recommendations 72 
8.5 Discussion 73 

   

Chapter 9: SpiceRx-An Integrated Resource For The Health Impacts Of Culinary 
Spices And Herbs 

 

9.1 Introduction 77 
9.2 Database Overview 77 
9.3 Architecture And Web Interface 78 

 9.3.1 Spice Search 78 
 9.3.2 Disease Search 79 
 9.3.3 Phytochemical Search 79 

9.4 Webserver Tech Stack 81 
9.5 Case Studies 81 

 9.5.1 Searching For Drug-Like Compounds In SpiceRx 81 
 9.5.2 Investigating Molecular Mechanisms Behind Therapeutic Effects Of Spices 

And Herbs.   
82 

 9.5.3 Hypothesis Generation And Knowledge Discovery Through SpiceRx 82 
9.6 Conclusion 83 
   



 
 

vii 

Chapter 10: Conclusion and Summary  

10.1 Summary 85 
10.2 Concluding Remarks 85 
   

Annexure A: Supplementary Data for Chapter 4 and Chapter 5  

A.1 Supplementary Figures 87 
A.2 Resources Used  For Compilation Of Flavor Molecules 91 
A.3 Supplementary Data Tables For Indian Cuisine 91 
A.4 Supplementary Data Tables For Indian Regional Cuisine(S) 93 
   

Annexure B: Supplementary Data for Chapter 6  

B.1 FlavorDB Statistics 97 
B.2 Depiction of Relationships among Different Concepts Incorporated In 

FlavorDB 
101 

B.3 Comparison of FlavorDB with other Similar Resources 102 
   

Annexure C: Supplementary figures and data for Chapter 7 and Chapter 8  
C.1 Comparison with Nutrichem Database 103 
C.2 Hyperparameters selected for the convolutional neural network Model 2 and 

Model 3 
105 

C.3 Correlation Between The Number Of Phytochemicals In Spices And Their Broad-
Spectrum Benevolence 

105 

C.4 Top Ten Broad Spectrum Spices And Number Of Mesh Disease Categories 106 
   

Annexure D: Supplementary Data for Chapter 9  

D.1 SpiceRx Statistics 107 
   
   

   
References 113 
  

 

  
   

 


