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PREFACE 

The present work represents an 

extensive exploration into the 

fascinating realm of fermented ethnic 

beverages, a subject that intertwines 

traditional practices, microbiological 

processes, and cultural significance. 

This research endeavors to unravel the 

intricate dynamics of various 

fermented ethnic beverages, shedding 

light on the microbial communities, 

biochemical transformations, and 

sensory attributes that contribute to 

their unique qualities. 

The motivation behind this work 

stems from the rich cultural heritage 

associated with fermented ethnic 

beverages across different regions and 

communities. These beverages, often 

deeply rooted in tradition, not only 

serve as vital components of social 

and ritualistic practices but also 

embody the collective wisdom and 

craftsmanship of generations.The 

comprehensive study presented herein 

encompasses a diverse array of 

fermented ethnic beverages, including 

but not limited to traditional alcoholic 

and non-alcoholic concoctions. By 

employing state-of-the-art analytical 

techniques, microbiological assays, 

and sensory evaluations, this thesis 

seeks to elucidate the intricate 
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relationships between raw materials, 

fermentation processes, and the final 

product's characteristics. The work is 

structured to provide a holistic 

perspective, delving into the historical 

and cultural contexts surrounding 

fermented ethnic beverages, 

elucidating the microbiological 

intricacies of the fermentation process, 

and exploring the sensory profiles that 

define these beverages. Moreover, the 

research aims to contribute to the 

broader scientific understanding of 

fermentation, microbiology, and food 

science, with potential applications in 

both academic and industrial settings. 

As the culmination of several years of 

dedicated research, this work is a 

testament to the collaborative efforts of 

various individuals and institutions. 

The guidance and support of my 

advisors, colleagues, and collaborators 

have been instrumental in shaping the 

trajectory of this research. 

Furthermore, the cooperation and 

insights shared by communities and 

individuals involved in the production 

of fermented ethnic beverages have 

enriched the depth and authenticity of 

this study. 

It is my sincere hope that this 

scientific exploration into fermented 

ethnic beverages not only advances 

our understanding of these culturally 

significant concoctions but also 

inspires further research and 

appreciation for the diverse traditions 

that contribute to the global tapestry of 

[Soumita Bhattacharjee] 



  

xviii 

List of  Figures 
Figures. Title Page # 

2.1 Schemetic diagram  of the  beneficial activity of the fermented drinks 43 

3.1 PIC used during the field survey 46 

3.2 Map of Toto inhabited area. Totopara is situated in West Bengal, India  50 

3.3 Flow chart for Eu preparation 51 

3.4 Ethnic Preparation of Eu by the Toto tribal people 51 

3.5 Study area of  Sukhia pokjri, West Bengal, India  52 

3.6 A Govt document dated back to 1967 for raksi preparation  53 

3.7 Preparation of Harchur Raksi through natural fermentation method 55 

4.1 Different types of fermented tribal ethnic beverages  93 

4.2 Starter culture of different ethnic drinks  92 

4.3 Envelope released by Indian post to promote the Toto tribal group 96 

4.4 Herbarium of the selected plants used in the starter culture of different eth-
nic  fermented drinks 

100 

4.5 Heat map representing the qualitative assay of different extracts of Eu 102 

4.6 Antioxidant activity of Eu 104 

4.7 Antioxidant activity of Eu  106 

4.8 Antioxidant activity of HR  108 

4.9 Antioxidant activity of TR  110 

4.10 Antioxidant activity of methanol plant extracts 110 

4.11 Antioxidant activity of methanol plant extract 112 

4.12 Antimicrobial screening of different plants  113 

4.13A Haemolytic activity of Eu sample,  115 

4.13B Erythrocyte membrane stabilising  activity  115 

4.14 Measurement of cell viability (MTT) assay on Eu 115 

4.15 Chromatogram of Eu Sample 118 

4.16 Molecular docking of Eu compounds 123 

4.17A In silico molecular docking with anti-inflammatory protein Nrf2 with  Sesa-
min  

125 

4.17B In silico molecular docking with Covid 19 (SARS-CoV-2) spike protein 
with  Sesamin  

125 

4.18 A network analysis of Eu-derived compounds of the sample with a special  

         emphasis on gastrointestinal cancer  

131 

4.19 Yeast isolates from starter culture of Eu 133 

4.20 Microscopic view and budding pattern of Saccharomycopsis cerevisiae  133 

4.21 Scanning electron microscopy view of Saccharomycopsis cerevisiae (TY1, 
TY2, TY3 

134 



  

xix 

4.22 Yeast isolates from moi (amylolytic starter culture of Eu) TY1, TY2, 
and TY3 amplified for the ITS gene using primers ITS1 and ITS4 

136 

4.23 MLSA phylogenetic tree of Yeast isolates  137 

4.24A Rare fraction curve of Starter culture of Eu 138 

4.24B The receiver operating characteristic (ROC) plot analysis of the  

   sample  

138 

4.25 Microbial abundance of the sample  140 

4.26 Rare fraction curve of Starter culture  of chokot 143 

4.27 Microbial abundance of the starter culture of chokot  145 

4.28 Network based Reverse ecology analysis of Eu microbiota: Compe-
tition and Complementation 

147 

4.29 Schematic representation of the activity of Eu and starter culture 
(Moaa/moi/moe). 

145 

4.30 Heat map on Complementation of Eu microbiota 148 

4.31 Heat map on Competition of Eu microbiota  149 

4.32 Heat map on Complementation index of Chokot microbiots  149 

4.33 Heat map on Competition index of Chokot microbiots 150 

4.34 Cluster of Orthologous Genes (COG)  of TWMS1 151 

4.35 KEGG annotation of the read abundance 152 

4.36 Abundance of different Phylum in the TWMS1 sample 153 

4.37 Abundance of different Order in the TWMS1 sample 154 

4.38 Abundance of different family in the TWMS1 sample 155 

4.39 Genera  abundance of the sample TWMS1 155 

4.40 Species abundance in TWMS1 157 

4.41 Krona Visualization of A: Bacteria and B: Fungi, Sankey Visualiza-
tion of C: Bacteria and Fungi 

158 

4.42 Body weight measurement by week of rats,  male (A) and female 
(B) 

163 

4.43 Photomicrograph of sections of female kidneys and livers 168 

4.44 Photomicrograph of sections of male kidneys and livers in control 
and treated groups  

169 

4.45 Alpha diversity og NF1 and BF1, B: Picrust if both NF1 and BF1 170 

4.46 KEGG metabolic pathway prediction of A: NF1 and B: BF1 sample 172 

4.47 Heat map clustering and visualization of both the sample NF1 and 
BF1 

173 

4.48 Heat map visualization of Core microbiome of both the sample NF1 
and BF1 

173 

4.49 Graphical elastration of Sub acute toxicity study and metagenomic 
study of gut microbiome 

174 

Figures. Title Page # 



  

xx 

List of  Tables 
Table Title Page# 

2.1 List of the different fermented drinks through out the World 40-41 

3.1 Collected sites of 16 different beverages from different study area 47 

4.1 Six different types of fermented drinks with their alcohol content 92-93 

4.2 List of the plants and their parts used in the preparation of Eu with their 
ethnomedicinal value 

94 

4.3 Nutritional profiling of Eu ( An ethnic brew of Toto tribe) 103 

4.4 Inhibition properties of different fermented liquor extracts in membrane 
stabilisation and protein denaturation 

117 

4.5A List of compounds identified in Eu sample by GC-MS analysis  119 

4.5B Molecular docking score of the Eu compounds 124 

4.6 Biological importance of the compounds identified in Eu sample 119 

4.7 Bioactivity of the compounds obtained from GC-MS analysis of  Chokot 120 

4.8 GC-MS analysis of the HR and their bioactivity 121-122 

4.9 Docking score of different compounds of Harchur raksi and their binding 
score 

126 

4.10 Morphological features of Yeast isolates 132 

4.11 Biochemical analysis of the Yeast isolates 135 

4.12 Relative abundance of the major microflora present in the starter culture  150 

4.13 Effect of extract of Eu on relative organ weight in female and male Wistar 
rats treated for 28 consecutive days  

163 

4.14 Effect of Eu extract on serum biochemical parameters 164-165 

4.15 Effect of sample extract on haematological parameters  166-167 



  

xxi 

List of  Appendices 

  Title Page # 

Appendix A Publications I 

Appendix B Genome projects II 

Appendix C Buffers & Chemicals used for DNA isolation, Culture media III-IV 

 Appendix D Software used in the present study 
Web server used in present study  

V 

 Appendix E  Approval of Animal Ethical Committee VI 




