
 
 

DNA BARCODING OF ETHNO-MEDICINAL SPECIES OF 

SOLANACEAE IN MIZORAM 

 

 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF DOCTOR OF 

PHILOSOPHY 

 

LALDINFELI RALTE 

MZU REGISTRATION NO: 4328 OF 2010-2011 

Ph.D. REG NO: MZU/Ph.D./1026 OF 26.05.2017 

 

 

DEPARTMENT OF BOTANY 

SCHOOL OF LIFE SCIENCES 

OCTOBER, 2021 

 



 
 

DNA BARCODING OF ETHNO-MEDICINAL SPECIES OF 

SOLANACEAE IN MIZORAM 

 

 

BY 

LALDINFELI RALTE 

DEPARTMENT OF BOTANY 

 

SUPERVISOR 

Dr. Y. TUNGINBA SINGH 

DEPARTMENT OF BOTANY 

MIZORAM UNIVERSITY 

 

 

SUBMITTED 

IN PARTIAL FULFILLMENT OF THE DEGREE OF 

PHILOSOPHY IN BOTANY OF MIZORAM UNIVERSITY 

MIZORAM 

 

 

 



 
 

 



i 
 

 

MIZORAM UNIVERSITY 

(A Central University Established by an Act of Parliament of India) 

 

 

 

 

CERTIFICATE 

This is to certify that the thesis work entitled, “DNA barcoding of ethno-medicinal 

species of Solanaceae in Mizoram,” submitted by Laldinfeli Ralte (MZU/Ph.D./1026 of 

25.05.2017) in partial fulfillment of the requirement for the degree of Doctor of 

Philosophy in Botany is a record of bonafide work carried out by her under my supervision 

and guidance. 

 

 

 

 

(Dr. Y. TUNGINBA SINGH) 

        Supervisor 

 

Y. Tunginba Singh Ph.D. 

Associate Professor 

Department of Botany 

School of Life Sciences 

Tanhril, Aizawl-796004, 

Mizoram, India 

Phone: +91 9862604012 

Email: tunginba@mzu.edu.in 

 



ii 
 

 

 

DECLARATION BY THE CANDIDATE 

 

 I, Laldinfeli Ralte, hereby declare that the subject matter of this thesis entitled, 

“DNA barcoding of ethno-medicinal species of Solanaceae in Mizoram,” is the 

original research work done by me, that the contents of this thesis did not form basis of 

the award of any previous degree to me or to the best of my knowledge to anybody else, 

and that the thesis has not been submitted by me for any research degree in any other 

Universities/Institute.  

 This is being submitted to the Mizoram University for the degree of Doctor of 

Philosophy in Botany 

 

 

 

(Dr R. LALFAKZUALA)     (LALDINFELI RALTE) 

Head of Department       Candidate 

 

 

(Dr. Y. TUNGINBA SINGH) 

 Supervisor 

 

 



iii 
 

ACKNOWLEDGEMENTS 

 First and foremost, I would like to praise and thank the Almighty God, for 

bestowing many blessings, knowledge, and opportunities on the research work, allowing 

me to finally complete the thesis. 

 I would like to offer my heartfelt appreciation to my supervisor, Dr. Y. Tunginba 

Singh, for his unwavering support of my Ph.D. studies and research, as well as his 

patience, encouragement, passion, and vast knowledge. His advice was invaluable 

throughout the course of my research and thesis writing. 

 I am thankful to Professor S.K. Mehta and Dr. R. Lalfakzuala, Dept of Botany for 

making their laboratory available for my works. My earnest gratitude to all the faculty and 

staff of the Department of Botany, Mizoram University for their constant help and support. 

 I am very thankful to my labmates – Vanlalsanga, Sagolshem Priyokumar Singh, 

Hmingremhlua Sailo, Vanlaldina Khiangte, and Malsawmthanga for their support, 

constant help during my research work. I would like to express my thanks to all research 

scholars of the Department of Botany. 

 I express my sincere gratitude to Vanlalhruaia,  H. Vanlalnunhlima, J. 

Zoramsangkima, and all the local people from my study sites for their persistent assistance 

and guidance during my field works. I am eternally grateful to Jonathan Zonunmawia 

Pautu for his encouragement, enthusiasm, and unwavering assistance during my research. 

 Last but not the least, I would like to thank my parents, Lalnunfela Ralte and 

Ramdinpuii, my brother, Anthony Lalrempuia Ralte, and my sister, Baby Lalnunkimi 

Ralte for their unfailing support, encouragement, unequivocal, continuous prayers 

throughout my academic year and thesis completion. 

 

 

(LALDINFELI RALTE) 



iv 
 

TABLE OF CONTENTS 

Supervisor’s certificate         i 

Declaration of certificate         ii 

Acknowledgment          iii 

Table of contents          iv-vii 

Preface                 viii - ix 

List of Figures          x-xi 

List of Tables           xii 

Abbreviations                  xiii-xiv 

Chapter 1 Introduction        1-11 

1.1. A brief history of Solanaceae        1-4 

1.1.1. Solanaceae in world          1-2 

1.1.2. Solanaceae in India         3 

1.1.3. Morphlogical characteristics        3-4 

1.2. Ethnobotanical studies         4-5 

1.3. Molecular studies         5-7 

1.4.Phytochemical studies         7-8 

1.5. Antioxidant studies         8-9 

1.6. Nutritional Studies         9 

1.7. Antimicrobial studies         10-11 

1.8.Fourier Transformed Infrared Spectroscopy (FTIR) analysis    11 

Chapter 2 Review of Literature       12-16 

Chapter 3 Methodology         17-28 

3.1. Study area          17-19 



v 
 

3.2. Ethnobotanical studies         19-21 

3.2.1. Field Survey          19-20 

3.2.2. Specimen identification        20 

3.2.3. Quantitative indices         21 

3.3. Molecular Study          21-23 

3.3.1. DNA Isolation          21-22 

3.3.2. PCR Amplication         22-23 

3.3.3. Sequence Analysis         23 

3.4. Phytochemical Study         23-26 

3.4.1. Sample preparation         23-24 

3.4.2. Phytochemical screening        24-25 

3.4.3. Quantitative analysis         25-26 

3.5. Enzymatic antioxidant Assay        26-27 

3.5.1. Determination of Catalase (CAT) activity      26-27 

3.5.2. Determination of Ascorbate peroxidase (APX) activity    26 

3.5.3. Superoxide dismutase (SOD) activity       26-27 

3.5.4. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity   27 

3.6. Nutritional Study          27 

3.6.1. Proximate analysis         27 

3.6.2. Determination of mineral ion content       27 

3.7. Antibacterial Study         28 



vi 
 

3.7.1. Bacterial strains         28 

3.7.2. Media preparation and Antibacterial activity      28 

3.8. FT-IR Analysis          28 

3.9. Statistical analysis         28 

Chapter 4 Results         29-71 

4.1. Collection of Solanaceae plants        29-43 

4.1.1. Description of Solanaceae plants       35-43 

4.2. Ethnobotanical Studies         43-52 

4.2.1. Habit and plant parts used        48-49 

4.2.2. The Informant Consensus Factor       49-50 

4.2.3. The fidelity level index        50-52 

4.3. Molecular Studies         52-59 

4.3.1. DNA Isolation, PCR amplification, and sequence analysis    52-56 

4.3.2. Phylogenetic analysis         57-59 

4.4. Phytochemical Studies         59-61 

4.4.1. Phytochemical screening        59-60 

4.4.2. Total Phenolic Content (TPC)        60 

4.4.3. Total Flavonoid Content (TFC)       60 

4.4.4. Total Anthocyanin activity        60-61 

4.5. Determination of nutrient composition       61-63 

4.6. Enzymatic Antioxidant activity        63-65 



vii 
 

 

4.6.1. DPPH radical scavenging antioxidant activity     63-64 

4.6.2. Total CAT, APX, and SOD activity       64-65 

4.7. Antibacterial activity         65-67 

4.8. Correlation between Antioxidant DPPH Scavenging Activity, Total Phenolic, and 

Total Flavonoid Content         67-68 

4.9. FT-IR Analysis          68-71 

Chapter 5 Discussion         72-80 

Chapter 6 Conclusion         81-82 

Appendices         83-85 

References                   86-112 

Bio-data         113 

List of seminars and workshops participated           114-115 

Paper Publications               116-117 

Particulars of the candidate      118 

 

 

 

 

 

 



viii 
 

Preface 

 

              Solanaceae is one of the most economically important families among the 

angiosperms providing agricultural, medicinal, and ornamental plants that are important 

sources in human civilizations. Wild edible plants nutrition, food security, and income 

generation in developing countries, and also serve as important parts of human diets, such 

as minerals, vitamins, proteins, and carbohydrates, etc. Solanaceae has one of the largest 

edible sources of plants. Above that, plants have also been important sources of medicinal 

substances and have been widely employed for therapeutic purposes. Plants, not only, 

offer important nutrients but also provide biologically active substances that are beneficial 

to human health and for the treatment of numerous ailments. Solanaceae is one of the 

largest families of angiosperms and species belonging to this family are rich in bioactive 

compounds. According to the World Health Organization (WHO), around 80% of the 

world’s population relies mostly on traditional herbal treatments for their primary 

healthcare system. Ethnobotanical research around the world attempts to document the 

use of herbal plants for healing, that has been practicing for multiple generations. The 

cultural variety of Mizoram, India contributes to the richness of its traditional knowledge, 

although access to it is limited. Due to the lack of written records and limited succession 

processes, traditional medicinal knowledge is in jeopardy. As a result, systematic 

therapeutic plant study and documentation, as well as that of accompanying traditional 

wisdom, are essential. Plant species identification has traditionally relied heavily on 

morphological characteristics. However, similar morphological characteristics are 

relatively frequent among the members of a family. Plant chemical authentication has also 

been performed using various techniques such as Thin-layer chromatography (TLC), high-

performance liquid chromatography (HPLC) however due to their diverse sources and 

chemical complexity, these methods sometimes encounter limitations. Molecular 

techniques such as Random Amplified Polymorphic DNA (RAPD), Inter-Simple 

Sequence Repeats (ISSR), Restriction Fragment Length Polymorphism (RFLP), and 

Amplified Fragment Length Polymorphism(AFLP) have also been employed in plant 
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molecular taxonomic and phylogenetic studies. However, due to species specificity, which 

necessitates precise species DNA sequences, their application is sometimes limited to a 

particular species. DNA barcoding helps to authenticate species by matching their 

sequences to reference libraries of barcode sequences assembled. The technique has led 

to the discovery of new species of Mizoram accurately using DNA barcodes (ITS2 and 

rbcL). 

Now, it is known to document the ethnobotanical uses, as well as identification using DNA 

barcodes, assessment of phytochemicals, nutritional studies, antioxidants, and 

antimicrobial potential of Solanaceae plants of Mizoram. My Ph.D. dissertation entitled, 

“DNA barcoding of ethno-medicinal species of Solanaceae of Mizoram” attempted to 

investigate Solanaceae plants of Mizoram with the main objectives: 

1. Documentation of ethnobotanical uses of Solanaceae from Mizoram. 

2. Molecular identification of Solanaceae using DNA barcodes. 

3. To investigate the bioactive compounds and nutritional studies of selected 

Solanaceae plants. 

4. Assessment of antioxidant and anti-microbial potential. 

5.  To identify the functional groups of Solanaceae plants using FT-IR. 

To achieve the objectives, 20 Solanaceae plants were collected from Aizawl, Serchhip, 

and Mamit districts of Mizoram. Ethnobotanical data were also collected from the local 

people, traditional healers, practitioners. The indigenous ethnobotanical knowledge was 

found to be culturally significant and further study is sought to encourage 

ethnopharmacological improvements. The ITS2 and rbcL barcode loci utilized in this 

investigation were successful in identifying species and reconstructing the evolutionary 

relationship among the members of Solanaceae. It was then observed that the Solanaceae 

plants contained various bioactive phytochemicals, antimicrobial agents with various 

functional groups and they also had promising nutritional and antioxidant potentials. 

Hence, my study could pave the way for the development of novel health-promising 

compounds in the pharmaceutical and nutraceutical industries. 
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Chapter 1 

Introduction 

 

1.1. A brief history of Solanaceae 

1.1.1. Solanaceae in world 

 Solanaceae family commonly known as nightshades belongs to the order 

Solanales, in the group of Asterids and class of Magnoliopsida (dicotyledons). The 

family is angiospermic i.e., flowering plants, and has highly diversified plants ranging 

from annual to perennial herbs, vines, shrubs, epiphytes, and trees (Knapp et al. 2004). 

Solanaceae consists of about 98 genera and 2,700 species worldwide (Olmstead and 

Bohs 2007) that includes several agricultural, horticultural, medicinal plants, spices, 

and weeds with highly diverse habitats and ecology. The family is cosmopolitan in 

distribution having found all over the world, including tropical temperate and desert 

regions except Antarctica, and is greatly abundant in South and Central America 

(Ganaie et al. 2018). Based on the fossil tomatillos discovered in the Patagonian 

region, Argentina, scientists reported that the development of Solanaceae started 

during the Mesozoic Era (Wilf et al. 2017). The family, Solanaceae is believed to have 

originated from the Andean/Amazonian region of South America (NHM 2008). The 

occurrence is thought to have evolved in a wide range of environments, from rain 

forests with over three meters of annual rainfall to desert with almost no rainfall and 

mountain with snow and sub-freezing temperatures (SGN 2008). 

 Wettstein believed that the Solanaceae had a polyphyletic origin because of 

their close kinship with several other plant groups (Ara et al. 2011). The family was 

closely related to Scrophulariaceae and was divided into the tribes: Nicandreae, 

Solanaceae, Datureae, Cestreae, and Salpiglossideae by Wettstein (1981). Bentham 

and Hooker included the family within Polemoniales, however, Hallier considered it 

as Tubiflorae, which had been derived from Linaceae (Ara et al. 2011). Hutchinson 

then combined Solanales with Convolvulaceae, which he believed was the ancestor of 

Solanaceae. Several related genera or groups of genera were included in this family 
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by some researchers; others placed them in related families, and yet others divided 

them into other families (Ganaie et al. 2018). This inconsistency in systematic 

treatment is partly attributed to the prevalence of unexpected feature combinations in 

these linked taxa. Some may lack the characteristics of the family or have 

characteristics of another family (Ganaie et al. 2018). This is because numerous 

genera within the family have an inconsistent systematic position. The taxonomic 

position of the above-mentioned taxa is unknown mainly due to circumstances such 

as the origin of the family in a region that is yet mostly unexplored (Ganaie et al. 

2018). Solanaceae, in contrast to other angiosperm families, have annual habits and 

they are strongly zygomorphic in their basal clades. This is likewise not the case in 

other angiosperms groups (Stebbins 1974). Solanaceae is an intriguing family of 

plants because of the large number of variations within the genus Solanum itself 

(Knapp et al. 2004). For these reasons, Solanaceae is regarded as the ‘paradoxical 

family’ (Knapp et al. 2004). Modern and new molecular markers, which have changed 

the entire landscape of biological sciences since their discovery and, application, have 

been employed to solve the taxonomy difficulties within Solanaceae (Ganaie et al. 

2018).  

 Solanaceae is also one of the most economically important families among the 

angiosperms and contains crops such as Solanum tuberosum (potato), Solanum 

lycopersicon (tomato), Solanum melongena (eggplant), Solanum betaceum 

(tomarillo/tree tomato) Physalis peruviana (Cape gooseberry), Capsicum spp. 

(pepper) etc. that are important food sources in human civilizations. The family also 

produces important alkaloids and adds significantly to their medicinal values. Plants 

such as Nicotiana spp., Atropa belladonna, Hyoscyamus, Mandragora, and Datura 

spp., etc. are important for the production of drugs in pharmaceutical industries while 

some have ornamental values (such as Petunia, Brugmansia, Cestrum, Solanum 

pseudocapsicum etc.) in horticultural fields. 
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1.1.2. Solanaceae in India 

 In India, the Solanaceae family contains 29 genera and 116 species (Kalidas 

and Panda 2019). Among them, 12 genera and 39 species are found in Eastern Ghats 

of India (Venkatappa 2011), and 8 genera, 30 species were reported to occur in West 

Bengal (Basak et al. 2017). The genus Solanum is the most abundant with 39 species 

distributed throughout the country (Venkatappa 2011).   

 In India, Solanaceae plays a significant role, which includes mostly the 

vegetables that are consumed every day as human diet. Eggplant, potato, pepper, and 

tomato are some of the most economically important food crops of India (Kalidass 

and Panda 2019). Besides the agricultural importance, the family also plays a 

significant role in medicinal and horticultural fields. S. torvum, S. americanum, S. 

viarum, S. anguivi, Atropa belladonna, N. tabacum, etc. contain important alkaloids 

and have significant medicinal importance in drugs discovery. While S. 

pseudocapsicum, S. wendlandii, Cestrum nocturnum, Petunia spp., etc. are normally 

used as garden ornamental plants.  

 Solanaceae is one of the largest and most taxonomically challenging families 

among the angiosperm family (Frodin 2004). Worldwide, Solanaceae has tremendous 

values and has been studied extensively at the individual species level. However, in 

India detailed research even at the family level is limited. Again, identification is 

challenging due to high degrees of morphological heterogeneity among and within 

species and infra-specific groups. Some exotic and gregarious weed species found in 

waste areas are described as ‘uninteresting weeds’ discouraging plant taxonomists 

(Kalidass and Panda 2019). Apart from a brief reference in some regional floras, there 

is no comprehensive taxonomic account of this intriguing and useful family in 

Mizoram. 

1.1.3. Morphological characteristics 

 Members of the Solanaceae family differ greatly in terms of morphological 

characters, ecology, and habit. The leaves of Solanaceae plants vary in shape and size, 

usually simple, sometimes highly lobed, generally alternate, petiolate, sub-sessile, and 

rarely sessile. The leaves may be herbaceous, hairy, leathery, or spiny with reticulated 
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venation with no basal meristem. Inflorescence can be cymose, axillary and may 

reduce to a single flower. Flowers are bisexual, have radial symmetry, and have 

differentiated perianth with calyx and corolla usually have five petals and five sepals. 

The calyx is united at the base, sometimes inflated in fruit. Corolla varies greatly in 

shape and size typically rotate, tubular, campanulate, and funnel-shaped. Stamens are 

epipetalous and alternate with corolla lobes. Gynoecium is a single pistil with 2 

locules and numerous ovules. Fruit can be berry, dehiscent capsule, and drupe and 

have axial placentation. Capsules are generally septicidal or valvate. Seeds are 

numerous, round or flattened, endospermic, oily without hairs. An embryo may be 

straight or curved with dicotyledons. 

1.2. Ethnobotanical studies  

 Plants and animals have had an intrinsic interaction since ancient times and 

have been the factors influencing human civilization, particularly in medicinal fields 

(Yeung et al. 2020). Ethnobotany is the scientific study of practical uses of plants and 

their indigenous or traditional knowledge of local people (Iwu 2002). Various wild 

and cultivated plants play a significant role in human beings particularly among the 

tribal communities and hence they are included in their culture, customs, traditional 

healing against diseases, and rituals (Sajem et al. 2008). Traditional remedies are 

sometimes the only available therapeutics in some places. Most of the people living 

in rural and remote areas mainly rely on traditional remedies to cater their primary 

health care needs. According to World Health Organization (WHO), around 80% of 

the world’s population mainly relies on traditional herbal remedies for their healthcare 

system (Inglis 1994). Nowadays, herbal products are gaining interest and their 

demands are increasing significantly. However, overexploitation of medicinal plants 

may lead to the degradation of resources, loss of biodiversity, and result in declining 

of these plant species over the years (Kala and Sajwan 2007). 

 The Mizo people harbor significant knowledge on the traditional use of 

medicinal plants (Ralte et al. 2021). The Mizo tribe is mainly forest dwellers that rely 

on shifting cultivation for their livelihood and the majority of the population live in 

rural areas and most of their resources such as timber, food, medicinal, etc. are 
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obtained from the forest and hence they have a plethora of traditional knowledge on 

the uses of different plant products (Ralte et al. 2021). Many ethnobotanical studies 

around the world, including Mizoram, attempt to record the use of herbal plants for 

healing, which has been practicing in their different civilizations for multiple 

generations. Although the cultural diversity of Mizoram contributes to the richness of 

its traditional knowledge, access to it is limited (Ralte et al. 2018). Traditional 

knowledge is typically transmitted verbally and is generally person-specific (Sabran 

et al. 2016). As a result, only tribal leaders, village chiefs, or traditional healers in a 

given group or tribe frequently own the expertise (Supiandi et al. 2019). Traditional 

medicinal knowledge is imperiled due to the lack of written records and restricted 

succession patterns. As a result, research and documentation of therapeutic plants, as 

well as the associated traditional wisdom are required.  

1.3. Molecular Studies 

 Traditionally, plant species identification is mainly based on morphological 

traits (Heinrich 2007). However, similar morphological traits are very common among 

the species of the Solanaceae family, especially the genus Physalis and Solanum (Feng 

et al. 2018). Their floral patterns are highly similar which makes the identification 

very difficult. Therefore, identification based on morphological characters is 

sometimes not reliable and efficient (Ali et al. 2014). Chemical authentication focuses 

on the examination of chemical constituents and differentiation is accomplished by 

the use of characteristic compositions (Zhang et al. 2007). Thin-layer chromatography 

(TLC) and high-performance liquid chromatography (HPLC) are widely used 

methods for determining the chemical constituents of medicinal plants. For example, 

TLC was employed to identify Tribulus terrestris (Zhang et al. 2000) and Fructus 

xanthii (Yin et al. 2005), HPLC had been used to investigate the chemical profiles of 

Cassia bark (He et al. 2005), create fingerprints for Psoralea corylifolia (Zhao et al. 

2005), authenticate Ephedra (Schaneberg et al. 2003) and assess the quality of Salvia 

miltiorrhiza (Hu et al. 2005). But, because of their diverse sources and chemical 

complexity, the use of chromatographic methods and marker compounds to 

standardize botanical preparation has limitations (Joshi et al. 2004). Variability in the 

flavors, aromas, and physical properties of wine and coffee from year to year and area 
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to region serves as an example (Joshi et al. 2004). Growing circumstances, harvesting 

time, post-harvest operations, and storage can also influence a species’ chemical 

makeup and relative abundance (Zhang et al. 2007). The change of chemical 

constituents may impede verification, and in rare cases, this may be misleading if the 

samples are intentionally adulterated with a marker component (Zhang et al. 2007). 

Furthermore, due to similar chemical compositions, it may be difficult to recognize 

closely related species (Joshi et al. 2004; Zhang et al. 2007). Species identification is 

important for monitoring a wide range of biodiversity and conservation (Desalle and 

Amato 2004). Various types of molecular techniques such as Random Amplified 

Polymorphic DNA (RAPD), Inter-Simple Sequence Repeats (ISSR), Simple 

Sequence Repeats (SSR), Restriction Fragment Length Polymorphism (RFLP), and 

Amplified Fragment Length Polymorphism (AFLP) have been employed in many 

taxonomic and phylogenetic studies of plants (Ganaie et al. 2018). However, due to 

the species specificity, which required correct DNA sequences of the species, their 

applicability is sometimes limited to a single species (Galimberti et al. 2014). 

Therefore, a reliable and efficient technique of identification is needed. DNA 

barcoding is an ideal candidate for species identification. DNA barcoding is a 

technique that uses a short, standard DNA region which is universally occurred in 

target sites and has enough sequence variation for species discrimination (Hebert et 

al. 2003; Savolainen et al. 2005). DNA barcoding aims to authenticate species by 

matching their sequences to the assembled reference libraries of barcode sequences 

and to facilitate the discovery of novel species (Hebert et al. 2003; Stoeckle 2003). 

DNA barcodes have been widely used nowadays, which includes phylogenetic 

analysis, genetic diversity (Wattoo et al. 2016), ancestral inheritance (Son et al. 2003), 

flagging of new species (Hebert et al. 2004), food traceability (Galimberti et al. 2014), 

biodiversity (Yessoufou et al. 2013) and conservation assessment (Levin et al. 2003; 

Ashfaq et al. 2013), plant invasion ecology (Daru et al. 2016) and confirmation and 

authentication of medicinal plants (Xue and Li 2011), etc. In plants, rbcL, matK, psbA-

trnH, rpoC1, and ITS2 regions  been commonly used as DNA barcodes (Liu et al. 

2012). Among them, ITS2 and rbcL regions have been shown to be more effective and 

applicable in species discrimination among families like Asteraceae, Rutaceae, 

Rosaceae, Araliaceae (Hollingsworth et al. 2009; Gao et al. 2010; Luo et al. 2010; 
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Yao et al. 2010; Crautlein et al. 2011; Pang et al. 2011; Liu et al. 2012). Hence, the 

present study was designed to discriminate species belonging to Solanaceae from 

Mizoram, India using DNA barcodes. Studies on Solanaceae plant species have not 

been done in Mizoram particularly on the identification of species using DNA 

barcodes. The present study aims at an accurate identification of Solanaceae species 

using DNA barcodes that will be useful for future conservations and utilization 

programs. The study also attempts to show the accuracy and applicability of rbcL and 

ITS2 as barcodes for the identification of Solanaceae species found in Mizoram, India. 

1.4. Phytochemical studies 

 Plants have been valuable sources of medicinal agents and are widely used for 

therapeutic purposes since time immemorial. They not only provide essential nutrients 

for humans but also provide biologically active compounds that are beneficial for 

human health and the treatment of various diseases (Liu 2003). Nowadays, medicinal 

plants have been gaining special interest since they can provide numerous benefits to 

mankind and society in medicinal and pharmacological fields as well as food sources. 

Hence, the scientific community’s interest in studying plant-derived bioactive 

compounds is growing worldwide, particularly in developing nations where herbal 

remedies are frequently used to meet basic health needs (Yadav 2018). In India, 

especially in the rural northeastern (NE) region, the use of medicinal plants for their 

healthcare system is very common due to the availability of vegetation and socio-

economic conditions of the people from the region (Ningombam and Singh 2014). 

Plants have a wide range of bioactive compounds that have antimicrobial, anticancer, 

anti-inflammatory, and antioxidant potential. Plant-derived medicines are frequently 

prepared from crude extracts that include a complex combination of various 

phytochemicals and are utilized to treat both chronic and infectious diseases (Sahoo 

and Manchikant 2013). Although various plants contain a vast pool of bioactive 

compounds, only a few have been identified and confirmed to be significant sources 

of bioactive compounds. Phytochemical is a natural compound found in plants that 

can act as a defense mechanism against diseases or to protect against diseases 

(Krishnaiah et al. 2009). Medicinal plants contain organic compounds such as tannins, 

alkaloids, carbohydrates, terpenoids, steroids, and flavonoids (Mann 1978) that are 
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synthesized by the secondary metabolism of living organisms. Secondary metabolites 

are compounds with different functions and are widely used in the treatment of human, 

veterinary, pharmaceutical, agriculture, and scientific research (Vasu et al. 2009). 

These compounds are mainly derived from barks, flowers, leaves, roots, fruits, and 

seeds (Cowan 1999). High activity profile drugs have already been developed from 

biologically active compounds from medicinal plants. Interestingly, crude extracts 

from medicinal plants are reported to be more biologically active than isolated 

compounds because of their synergistic effect (Jana and Sekhawat 2010).  Solanaceae 

is one of the largest families of angiosperms and species of this family are rich in 

secondary metabolites and hence play significant roles in economic, agricultural, and 

pharmaceutical aspects (Oliveira et al. 2006; Ralte et al. 2021). In my present study, 

qualitative and quantitative analyses were carried out in ten selected plants of 

Solanaceae species from Mizoram. 

1.5. Antioxidant studies 

 Studies on bioactive compounds with antioxidant properties showed extensive 

growth, as considerable amount of evidence have revealed that oxidative stress is a 

key factor in aging and the development of various pathologies including autoimmune 

diseases, infectious, inflammatory, and cancer diseases (Ulewicz-Magulska and 

Wesolowski 2019; Souza et al. 2020). Therefore, the necessity of finding new 

bioactive compounds with high antioxidant properties is highlighted, since 

antioxidants can protect, stabilize, and inhibit free radicals from attacking a biological 

target in cells (Souza et al. 2020).  Plants are nature’s greatest gift to humans and are 

a potential source of natural antioxidants. Medicinal plants also have been gaining 

attention due to the presence of natural antioxidants and their association with health 

benefits (Arnous et al. 2001). Then, with the rising safety issues associated with the 

consumption of synthetic antioxidants, researchers are looking for cheaper and lesser 

side effect antioxidants from natural sources, particularly plants. Medicinal plants 

produce various antioxidative compounds to prevent reactive oxygen species (ROS) 

(Lu and Foo 1995). ROS are products of normal cellular metabolism which at high 

concentrations may cause damages to cellular structure like, nucleic acids, proteins, 

and lipid (Valko et al. 2007), while uncontrolled substrate can lead to the development 
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of diseases like cancer, hypertension, diabetes, cardiovascular and neurodegenerative 

disorder (Mayne 2003). Polyphenols are the main plant bioactive compounds 

characterizing antioxidant potential due to their redox properties (Zheng and Wang 

2001). They can absorb and neutralize free radicals, quenching singlets, and triplet 

oxygen and decompose peroxides. Flavonoids are the most frequently and widely 

distributed group of phenolic compounds in plants and are present in most plants, 

therefore, they are considered to prevent free radical associated damages by various 

ways such as scavenging free radicals and enzymes inhibition which is involved in 

the production of free radicals (Sandhar et al. 2011). Therefore, studies on discovering 

natural antioxidants from plants have been on the rise and various extracts and isolated 

compounds have been studied for their antioxidant activities using different 

techniques (Boligon et al. 2009; Dudonne et al. 2009; Moon and Shibamoto 2009). 

1.6. Nutritional Studies 

 In developing countries, wild edible plants provide nutrition, food security, 

and income generations (Omoti and Okyi 1987; Antia et al. 2006; Dhellot et al. 2006a) 

and also serve as crucial constituents of  human diet providing minerals, vitamins in 

addition to proteins and carbohydrates (Fleuret 1979; Onyenuga and Fetuga 1995; 

Edmonds and Chweya 1997). Vegetables are an important part of the human diet and 

play a crucial role in nutrition, particularly as sources of phyto-nutraceuticals 

(vitamins, minerals, dietary fibers). Solanaceae has one of the largest edible sources 

of plants. Many members of the family contain powerful alkaloids that are extremely 

valuable when it comes to nutritional value (Kumari et al. 2017). However, these 

edible plants are yet to be adequately studied and utilized. Mizoram is a hilly state in 

the northeastern region of India and the majority of the region is botanically 

unexplored or undiscovered. In Mizoram, the forests provide a large number of plants 

whose various parts like fruits, seeds, tubers, shoots make a significant contribution 

to the dietary source of the tribal people. The present study attempts to explore the 

nutritional status of selected Solanaceae plants species reportedly consumed by the 

local people of Mizoram.  
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1.7. Antimicrobial studies 

 Infectious diseases, especially in developing nations are a major source of 

morbidity and mortality. Antibacterial drugs of both synthetic and semi-synthetic 

origins are widely accessible today for the control of microorganisms (Heritange et al. 

1999). However, bacterial resistance to antibacterial treatments is also fast increasing 

(Andersson and Hughes 2010). Globally, antibiotic resistance has become a major 

concern due to the non-selective use of commercial antimicrobial drugs commonly 

occurred in the treatment of various infectious diseases (Westh et al. 2004). Then, 

antibiotics also induce a variety of adverse reactions, including hypersensitivity and 

immunosuppression, in addition to the beneficial effects of bacterial control 

(Panigrahy et al. 1979). Due to these side effects, as well as the ongoing development 

of bacterial resistance, there is a constant need to create better antimicrobial medicines 

that are effective against microbial while also being less hazardous to the human. As 

a result, the pharmaceutical sector has  driven to create new antimicrobial medications. 

Plants containing bioactive compounds have been successfully used all over the world 

to combat infectious diseases and are the main source of potential and powerful drugs 

(Sivastava et al. 1996). Plants’ potential as a source of novel pharmaceuticals is still 

largely untapped and only a small fraction of the estimated 250,000-500,000 plant 

species have been subjected to screening of biological or pharmacological potential 

(Stankovic et al. 2016). Medicinal plants that are used traditionally produce various 

compounds having therapeutic properties (Harborne and Baxter 1995). Those 

compounds or substances that can inhibit or kill pathogens can be ideal candidates for 

the development of antimicrobial drugs. So, antimicrobial properties of medicinal 

plants have gained interest all over the world (Saxena and Sharma 1999). Traditionally 

used medicinal plants that produce herbal remedies can be important sources for 

producing new antibiotics (Okpekon et al. 2004) and some compounds have already 

been produced that are effective against antibiotic-resistant bacterial strains (Kone et 

al. 2004). Therefore, further research on traditionally used medicinal plants is an 

important task (Romero et al. 2005) and it will lead to the synthesis of more effective 

drugs with less toxicity (Manna and Abalaka 2000). In my present work, selected 
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Solanaceae plants with promising biological activity were screened and evaluated for 

their antibacterial potentials. 

1.8. Fourier Transformed Infrared Spectroscopy (FTIR) analysis 

 Plants are essential bio-resources for medications in the traditional health care 

system. Today, people are increasingly focusing on healthy lifestyles and the use of 

herbal products. It is understood that the bioactive compounds present in medicinal 

plants, not only aid in the treatment of diseases, but can also be used as a preventative 

measure to improve human health (Brangule et al. 2020). The plant chemical contents 

differ depending on species, geographical distribution, age, temperature, and other 

factors (Heinrich 2015). Consequently, extensive research into effective analytical 

methods is required to undertake easy, reliable, and speedy control of herbal medicine 

production (Bostijin et al. 2018). WHO and European Pharmacopeia (EP) have 

prepared a guideline for assessment of the quality of herbal products and identification 

of functional groups using chromatography techniques (Yang et al. 2013; Kitanov et 

al. 2015). However, various critical disadvantages such as complicated procedures, 

difficulty in sample preparation, and time-consuming had been the common issues in 

chromatography techniques (Peerapattana et al. 2015). FTIR is one of the widely used 

methods to identify chemical compounds and has been used to analyze medicine for 

pharmacopeia in different countries (Subashini et al. 2015). FTIR is a technique that 

is based on the vibration of high polar bonds and functional groups of the analyzed 

components (Kim et al. 2004). This technique uses a minimal amount, is quick, easy, 

and accurate (Struat 2004), and does not require a reagent, making it more 

environmentally friendly (Lin et al. 2011), as a result, it is a powerful analytical tool. 

FTIR analysis provides a significant method for herbal analysis (Cheng et al. 2010; 

Bunaciu et al. 2011) and quantitative analysis of drugs (Bunaciu et al. 2010) and has 

also been used for discriminating related microbial strains (Wenning et al. 2002). My 

present study for the first time attempts to identify the functional groups present in 

Solanaceae plants species of Mizoram using FTIR. 
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Chapter 2 

Review of Literature 

 

 Since time immemorial, the Solanaceae family has been playing significant 

roles in food, ornaments, medicines, and aesthetic plants. Over the last century, some 

of the species from Solanaceae have been subjected to traditional and molecular 

genetic researches. The first known reference of Solanaceae is in Dioscorides Codex 

(AD 815), in which few species from the genera and Physalis have been mentioned 

for their pharmacological significance (D’Arcy 1979). While Casper Bauhin’s (1623) 

concept of Solanaceae as a group was gaining more acceptance. Then, Linnaeus 

(1753) followed Casper’s work and proposed two groups. Laurent de Jussieu (1789) 

established the Solanaceae family, which had since been reviewed and re-examined 

by various taxonomists. The family is non-indigenous to the Indian subcontinent and 

limited work has been done on the taxonomy. The first record of this family dates 

back to 1100 A.D. by Charaka and Susrute (Deb 1979). Roxburgh (1832) described 

27 species of Solanaceae in Flora Indica. Clarke (1883) worked on Solanaceae for 

Hooker’s The Flora of British India and included 52 species. After the establishment 

of the Botanical Survey of India in 1954, a large number of plant materials have been 

gathered and stored in the Indian herbaria, and multiple regional and state floras of 

India have been published (Deb and Dutta 1974; Chowdhery and Wadhwa 1984). 

However, the family Solanaceae has been neglected since a comprehensive account 

of taxonomy was lacking (Deb 1980). 

 Meanwhile, Hugo de Vries and Karl Correns rediscovered and confirmed 

Gregor Mendel’s pioneering work at the turn of the twentieth century where species 

of some genera of the Solanaceae became subjects of genetic research as model plants. 

The cultivated tomato and its wild counterparts (Lycopersicon), tobacco (Nicotiana), 

and petunia (Petunia) were predominantly used as model plants in classical and then 

cellular and molecular genetics. Crop plants of global importance included cultivated 

potatoes, eggplant (Solanum), and pepper species (Capsicum) (Ralte et al. 2021). 
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Except for potato tuber growth, these species are less appropriate as models for 

fundamental research. Classical and molecular genetic research on potato, eggplant, 

and pepper was thus primarily targeted at solving agricultural challenges, such as 

disease resistance and the development of improved cultivars. In a first conclusive 

report on the regeneration of haploid embryos from pollen grains, anthers of Datura 

innoxia were cultured in vitro (Guha and Maheshwari 1964). This was the start of the 

production of double haploid and as a result, a homozygous plant that led to significant 

application in biotechnology and plant breeding studies of self-fertile crop plants and 

demonstrated that homozygous plants could be obtained in a single step in a much 

shorter time in comparison to numerous generations of selfing. Biochemical mutant 

cell lines were then obtained by complete selection from leaf mesophyll protoplasts 

of anther culture-derived haploid Hyoscyamus muticus plants (Guha and Maheshwari 

1964) that was similar to the first biochemical mutant selected in Neurospora crassa 

(Beadle and Tatum 1941). In Physalis species, the molecular foundation and possible 

mechanism of the inflated-calyx syndrome, a unique development of the sepals after 

fertilization in various Solanaceae genera were investigated (He and Saedler 2005). 

Among the Solanaceae species, tomato (Lycopersicon), tobacco (Nicotiana), petunia 

(Petunia), Pepper (Capsicum) are the most studied species. The discovery and analysis 

of gene function (Menda et al. 2004), linkage mapping based on morphological and 

isozyme using restriction fragment length polymorphisms (RFLP) (Bernatzky and 

Tanksley 1986; Helentjaris et al. 1985), DNA variation and construction in 

intraspecific populations based on single nucleotide polymorphism (SNP) markers 

(Shirasawa et al. 2010), genome sequencing (Bolger et al. 2014), gene cloning (Martin 

et al. 1993a), QTL mapping (Grandillo et al. 2013), transcriptional regulators in fruit 

ripening (Giovannoni 2007), FLAVR SAVRTM tomato with a prolonged shelf life for 

a commercialized transgenic crop (Kramer and Redenbaugh 1994) have been studied 

for Lycopersicon. The in vitro multiplication of plant cells and tissue culture (Sussex 

2008), microbial culture for isolation of biochemical mutants (Negrutiu et al. 1984), 

the transformation of tobacco cells with T-DNA or Ti-plasmid carrying 

Agrobacterium tumefaciens (Chilton et al. 1977), self-incompatibility (Anderson et al. 

1986), host-pathogen system – tobacco mosaic virus (TMV) (Scholthof 2008), plant 

interactions with insect herbivores (Schuman and Baldwin 2016), linkage maps with 
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microsatellite markers (Bindler et al. 2007), genome sequences (Bombarely et al. 

2012) of Nicotiana have been studied. The resistance to potato viruses (Cockerham 

1970), hybrid bleeding (Lindhout et al. 2011), linkage maps construction using RFLP 

markers (Bonierbale et al. 1988), intraspecific and interspecific crosses (Gebhardt et 

al. 1989, 1991), whole-genome sequencing (Doganlar et al. 2002a; Hirakawa et al. 

2014) have been studied on potato (S. tuberosum). The biosynthesis of the alkaloid 

(Stewart et al. 2005), cytoplasmic inheritance (Ikeno 1917), linkage map using RFLP 

(Prince et al. 1993), male sterility (Ramchiary et al., 2014), plant resistance gene 

(Romer et al. 2007), DNA-based marker for breeding applications (Holdsworth and 

Mazourek 2015; Ramchiary et al. 2014), genome sequencing (Kim et al. 2014) have 

been done on pepper (Capsicum). The RFLP based linkage map construction 

(Doganlar et al. 2002a), the QTL mapping of morphological and biochemical fruit 

characters (Doganlar et al. 2002b; Portis et al. 2014), the chlorogenic acid biosynthetic 

pathway (Gramazio et al. 2014), genome sequencing (Hirakawa et al. 2014) have been 

studied on eggplant (S. melongena). 

 The technique of DNA barcoding was introduced in 2003 for accurate 

identification of species and was designed for animals (Hebert et al. 2003, 2004b). On 

the other hand, a standard DNA barcode for plants was not immediately successful or 

accepted in the botanical world until several years later (Kress 2011). However, after 

the successful uses of gene regions from the mitochondrial, plastids, and nuclear 

genomes (Chase et al. 2005; Kress et al. 2005; Kress & Erickson 2007; Lahaye et al. 

2008; Newmaster et al. 2008) four gene regions i.e., rbcL, matK, trnH-psbA and ITS 

have been accepted as the standard DNA barcodes for plants (CBOL Plant Working 

Group 2009; Li et al. 2015). Till today, the DNA barcoding technique has been 

popularly used for various applications and is gaining more interest in the taxonomic 

field also (Chen et al. 2014; Kress 2017). Costion et al. (2011) used three gene regions 

(rbcL, matK, and trnH-psbA) for DNA barcodes to estimate species diversity in 

tropical rain forest plots in Queensland, Australia. Muellner et al. (2011) used DNA 

barcodes for the identification of commercially important tree species of the family, 

Meliaceae, and concluded that ITS was able to identify species of this family. 

Nithaniyal et al. (2014) used DNA barcodes to accurately identify wood samples 



15 
 

collected at timber processing in Andhra Pradesh and Tamil Nadu in India. Similarly, 

Bolson et al. (2015) also identified numerous threatened commercial trees species of 

the family Lauraceae. For plants DNA barcodes, rbcL, matK, psba-trnH, rpoC1 and 

ITS2 have been widely used. Chen et al. (2010) showed that ITS2 could be a universal 

barcode for the identification of plants species due to the high accuracy identification 

rate (92%) of over 6600 samples in the seven studied phyla (Angiosperms, 

Gymnosperms, Ferns, Mosses, Liverworts, Algae and Fungi). On the other hand, rbcL 

gene also has several advantages such as higher success rate of PCR amplification, 

sequence quality, and universality of standard primers and hence considered as the 

best-characterized gene sequence (CBOL Plant Working Plant 2009; Vijayan and 

Tsou 2010). DNA barcoding is applicable in species discrimination among plants 

within families such as Asteraceae, Rutaceae, Rosaceae, Areliaceae, Zingiberaceae 

(Gao et al. 2010; Luo et al. 2010; Yao et al. 2010; Pang et al. 2011; Liu et al. 2012; 

Chen et al. 2015). Ngan et al. (1999) used DNA barcodes for the identification of 

ginseng. Among the family of Solanaceae, DNA barcoding of the genus Physalis 

(Feng et al. 2017), Datura (Bye and Sosa 2013), Lycopersicon (Caprar et al. 2017), 

Solanum nigrum (Wattoo et al. 2016), Lycium barbarum (Xin et al. 2003) had been 

done recently. 

 The family is also rich in economically significant species and plays an 

important role in nutritional and pharmacological industries. Species of the family 

have been widely used in traditional medicine for preventive and curative purposes. 

They are also known for producing secondary metabolites such as phenol, alkaloids, 

flavonoids, tannins, etc. that are used in the pharmaceuticals industries for their 

medicinal properties such as antioxidant, antibacterial, hepatoprotective, antipyretic, 

and anti-inflammatory properties (Vijaya et al. 2013; Kumar and Pandey 2014). 

Certain pharmacological and nutritional studies have been carried out to identify and 

validate the traditional medicinal applications of some plants of Solanaceae and the 

studied species included Solanum torvum (Kalita et al. 2017), S. nigrum L, and S. 

myriacanthus Dunal (Gogoi and Islam 2012), S. macrocarpon Linn (Dougnon et al. 

2012), S. schimperianum, S. nigrum, Physalis lagascae, Withania somnifera 

(Almoulah 2017), S. agrarium, S. lycocarpum, S. palinacanthum, S. paniculatum, S. 
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stipulaceum (Matias et al. 2019), P. minima L (Saripalli et al. 2013), Capsicum 

frutescens L. (Vinayaka et al. 2010).  
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Chapter 3 

Methodology 

 

3.1. Study area 

 Mizoram is a landlocked state which lies in the northeastern region of India, 

with an area covers 21,087 sq. km with 21o56’N to 24o31’N latitude and 92o16’E to 

93o26’E longitude. The southern part shares an international border with Myanmar 

and Bangladesh while the northern part shares its boundary with the states of Manipur, 

Assam, and Tripura. The climate of Mizoram is relatively cool in summer while the 

winter temperature ranges from 7 to 22oC. The average rainfall of the state is 254 

centimeters per annum. The forest classification of Mizoram is Tropical Wet 

Evergreen Forest, Montane sub-tropical forest, Temperate Forest, bamboo forest, 

Quercus Forest, and Jhum-land. Mizoram has the third highest forest cover (39,40,000 

acres) and the highest percentage area (90.68%) of forests covered among the states 

of India. The most common vegetation found in Mizoram is tropical semi-evergreen, 

tropical moist deciduous, sub-tropical forest. Agriculture has traditionally been a 

subsistence profession in Mizoram where more than 70% of its population is engaged 

in agriculture. Jhum cultivation has been a historic tradition of Mizoram acquired by 

the majority of people living in rural areas.  

 Aizawl is the capital city of Mizoram, India. The location is situated atop a 

peak of 3715 feet above sea level in the northern section of Mizoram. The terrain is 

mostly mountainous with narrow deep valleys hillocks and steep hills interspersed. 

The geology of Aizawl is composed of repeated sandstone, siltstone, mudstone, and 

shell limestone, and the soil is young and moderate to severely acidic.  

Serchhip district is located in northern Mizoram and is bordered by Aizawl district on 

the northwest, Lunglei district on the south, and Champhai district on the east. 

Myanmar borders the region on the international level in the southeast. Agriculture is 
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the main source of income for the residents of Serchhip district with jhum being the 

most common cultivation.  

 Mamit district is located in the western part of Mizoram and is bordered on the 

north by Hailakandi district Assam, on the west by North Tripura, Tripura, on the 

south by Lunglei district, and on the east by Kolasib district and Aizawl district, as 

well as an international border with Bangladesh. The  forest and the Dampa Tiger 

Reserve are two well-known reserve forests in the area. This region boasts of good 

soil and an agrarian economy. Jhum agriculture has been the primary source of 

agricultural products.  

 

Table 1: Collection sites of Solanaceae plants species.  

Districts Sample ID Location                         GPS Map 

Latitude Longitude 

 

 

 

AIZAWL 

A1 Sihphir 23.81oN 92.73oE 

A2 Lengpui 23.94oN 92.35oE 

A3 Hmuifang 23.55oN 92.70oE 

A4 Sialsuk 23.40oN 92.75oE 

A5 Lungleng 23.65oN 92.67oE 

 

 

SERCHHIP 

S1 Chhingchhip 23.68oN 92.85oE 

S2 Maite 23.69oN 92.96oE 

S3 Chhiahtlang 23.37oN 92.84oE 

 

 

MAMIT 

M1 Reiek 23.69oN 92.60oE 

M2 Dampui 23.94oN 92.35oE 

M3 Zawlnuam 23.99oN 92.36oE 
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3.2. Ethnobotanical studies 

3.2.1. Field Survey 

 Ethnobotanical information possessed by local people of the study sites was 

collected during the spring and summer of 2017, 2018, and 2019. The fieldwork was 

based on data collection on ethnobotanical uses. Formal and informal interviews with 

the informants, the villagers, and the local practitioners and healers were done. Plant 

parts used and modes of preparation were also recorded. The specimen of each plant 

claimed to have ethnobotanical values belonging to Solanaceae were collected and 

identified and were stored at the Herbarium of the Department of Botany, Mizoram 

University, Aizawl, Mizoram, India. 

Figure 1: Map of  Mizoram showing study and collection sites (Courtesy 

https:www.mapsofindia.com).  
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 In my study, the personal information such as age, gender, profession, and 

education level for each informant was recorded. The informants (traditional healers, 

farmers, village leaders) were local inhabitants ranging in age from 25 to 85 years old. 

All the information was acquired after receiving an oral prior informed consent from 

the informants, according to the International Society of Ethnobiology (ISE) code of 

ethics. During the interviews, the informants were requested to specify plants' 

vernacular name, plant part used, traditional uses, and method of preparation. Mostly, 

the interviews took place in the informants’ houses or their farms (Figure 2). 

 

Figure 2: Field survey, sample collection, and semi-structured interviews with local 

inhabitants. 

3.2.2. Specimen identification 

 The field observations with informants were conducted to identify the 

morphological traits and habitats of each therapeutic plant. Voucher specimens and 

photographs were identified and confirmed according to various botanical websites 

(Eg., www.theplantlist.org, www.worldfloraonline.org, www.kew.org. ) Voucher 

specimens were made and deposited in the Herbarium of the Department of Botany, 

Mizoram University for future references. 
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3.2.3. Quantitative Indices 

 The Informant Consensus Factor (Fic) which was derived for each medicinal 

category was used to quantify the species’ use variability (Trotter and Logan 1986) 

and was calculated as: 

  Fic = (Nur – Nt)/ (Nur – 1) 

Where, 

Nur is the number of uses record from the informants for a particular plant use category 

Nt is the number of species used for each ailment mentioned by the informants. 

 The Informants Consensus Factor value ranges from 0 to 1, where the high 

value of Fic represents an agreement among the informants on the use of species in a 

medicinal subcategory.  

 The Fidelity Level index (FL) was used to determine the plant species that was 

preferred by the informants to treat a particular disease (Friedman et al. 1986) and was 

calculated as follows: 

  FL (%) = (Np/N) X 100 

Where,  

NP is the number of informants who reported the use of species for the treatment of a 

particular disease. 

N is the number of informants who used the plants as medicine to treat any given 

disease. 

3.3. Molecular Study 

3.3.1. DNA Isolation  

 The total genomic DNA was extracted from young leaves of collected samples 

using the modified CTAB method. Firstly, 1g of young leaf was washed with sterile 

distilled water and grounded using mortar and pestle in 500µl extraction buffer 

(100mM Tris HCl, 1.5M NaCl, 20mM EDTA, 2% CTAB, 1% PVP at pH 8), and 
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incubated at 60oC for 30 mins followed by centrifugation at 11,000rpm for 15mins. 

The supernatant was transferred to a new tube and 10µl RNaseA was added to it and 

then incubated at 30oC for 30 mins. Then, 500µl of Chloroform Isoamyl was added to 

the samples followed by centrifuge at 11,000rpm for 1min. Then, 500µl of ice-cold 

isopropanol was added to the tube and kept at -20oC for 1hr. The sample was 

centrifuged at 11,000rpm for 10 mins. The tube containing DNA was washed with 

70% ethanol and the DNA was then air-dried. DNA was dissolved in 30µl TE (10mM 

Tris HCl, 1mM EDTA). 

Procedure: 

 

Then, quality of the DNA was checked by standard 0.8% agarose gel electrophoresis 

and UV-VIS spectrophotometry. 

3.3.2. PCR Amplification 

 PCR amplification was performed in a 25 µl reaction volume containing 1X 

PCR buffer with MgCl2, 0.25M dNTPs, 0.25 pm each primer, 1U Taq polymerase 

(Takara Japan) in a Mastercycler Nexus Gradient Thermocycler (Eppendorf AG, 

Hamburg, Germany) with the parameter settings of 35 cycles of denaturing at 95oC 
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for 1 min, annealing for 1 min and extension at 72oC for 1 min. Two sets of genes – 

rbcL and ITS2 (Table 2) were used to amplify the DNA. The amplified products were 

electrophoresed on a 1.5% agarose gel and then quantified spectrophotometrically. 

Lastly, the products were cleaned before sending for commercial sequencing to 

Eurofins Genomics India Pvt Ltd., Bengaluru, India. 

Table 2: Primer used for PCR Amplification. 

Sl.No Gene Primer sequence Reference 

1.  ITS2 F - GAAGGAGAAGTCGTAACAAGG 

R - TCCTCCGCTTATTGATATGC 

Taberlet et al. 2007 

2.  rbcL  F- CTGTATGGACCGATGGACTTAC 

R-CGGTGGATGTGAAGAAGTAGAC  

Taberlet et al. 2007  

 

3.3.3. Sequence Analysis 

 Each sequence was annotated based on chromatogram and BLAST result and 

searched with a reference database of all rbcL and ITS2 regions using the NCBI 

BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The sequence was computed to 

assign identity and the ID of each species was associated with the best BLAST hit and 

E-value cut off. This corresponds to choosing the top hit in the BLAST results 

(BLAST1). The phylogenetic analysis based on ITS2 and rbcL regions was performed 

using MEGA 7.0 (Tamura et al. 2007) with neighbor-joining (NJ) method and 1000 

bootstrap replications. 

3.4. Phytochemical Study 

3.4.1. Samples preparation  

 A 50g of the edible parts of powdered samples was extracted with 500mL of 

methanol using the Soxhlet apparatus for 25 cycles (Figure 3). The extracts were then 

concentrated using a water bath (50oC) until it formed a paste. Each sample was finally 

made a concentration of 100µg/mL using methanol. 
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Figure 3: Extraction of plant specimen using Soxhlet apparatus for phytochemical 

analysis. 

 

3.4.2. Phytochemical screening 

 Phytochemicals such as phenol, saponins, flavonoids, tannins, and terpenoids 

from the methanolic extracts were estimated using the procedure proposed by 

Nwankwo & Ukaegbu-Obi (2014). 

3.4.2.1.Test for Tannins 

  A 100mg of plant extracts was mixed with 2ml of 2% FeCl3 solution and the 

appearance of blue-green color indicates the presence of tannins. 

3.4.2.2.Test for Flavonoids  

 About 10 ml of plant extracts was mixed with 2ml of 2% NaOH solution. The 

yellow color formed which turned colorless after the addition of diluted HCl indicated 

the presence of flavonoids. 
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3.4.2.3.Test for Saponins 

  A total of 10 ml of plant extract was mixed with 4ml of distilled water and 

shaken vigorously. The formation of foam was observed which indicated the presence 

of saponins. 

3.4.2.4.Test for alkaloids 

  A 10 ml of plant extracts was mixed with 10ml methanol and filtered and 1% 

HCl (2 ml) was added to the filtrate and kept for 1 minute. Then, 6 drops of Wagner 

reagent were added and the brownish-red precipitate was observed which indicated 

the presence of alkaloids. 

3.4.2.5.Test for terpenoids 

  About 5ml of plant extracts was mixed with 2ml of chloroform and 3ml of 

H2SO4. The reddish-brown color was observed which indicated the presence of 

terpenoids. 

3.4.3. Quantitative Analysis 

3.4.3.1. Determination of total Phenol 

 The total phenolic content of the extracted samples was determined using the 

Folin-Ciocalteu method following Mc Donald et al. (2001). The plant extract was 

mixed with Ciocalteu reagent (0.1ml, 1N) and incubated at room temperature for 15 

minutes. Then, 5ml of Na2CO3 was added and incubated at room temperature for 30 

minutes and the absorbance was measured at 760nm. Gallic acid was used as standard 

and total phenolic content was expressed in terms of gallic acid equivalent (mg g-1 of 

the extracted compound). 

3.4.3.2. Determination of total flavonoids (TFC) 

 Total flavonoid content was determined using the Aluminium chloride 

colorimetric method (Chang et al. 2002). Brief, 1ml plant extract was mixed with 1ml 

methanol, 0.5ml aluminium chloride (1.2%), and 0.5ml Potassium acetate (100mM) 

and incubated at room temperature for 30 mins. Then, the absorbance was measured 

using a spectrophotometer at 415nm. Quercetin was used as standard and total 

flavonoid content was expressed in terms of quercetin equivalent (mg g-1 of the 

extracted compound). 
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3.4.3.3.Determination of Total Anthocyanin content (TAC) 

 The total anthocyanin content was measured using a method proposed by 

Abdel-Aal & Hucl (1999). The methanol extracts were mixed with acidified methanol 

(Methanol and 1N HCl, 85:15 v/v, pH1) and the absorbance was taken at 535nm 

against reagent blank. Cyanidin 3-Glucoside was used as a standard. Then TAC was 

calculated as: 

 TAC (µg/g) = (A/ ε) x (vol/1000) x MW x (1/sample wt) x 106 

Where A is absorbance, ε is molar absorptivity of Cyanidin 3-Glucoside, vol is the 

total volume of anthocyanin extract and MW is the molecular weight of Cyanidin 3-

Glucoside. 

3.5.  Enzymatic Antioxidant Assay 

3.5.1.  Determination of Catalase (CAT) activity 

 CAT activity was determined following Sunohara and Matsumoto (2004). 

Briefly, 0.1ml of the extract was mixed with 1.9ml of 25 mM H2O2 in 50mM 

potassium phosphate buffer (pH 7). Then, the absorbance was measured at 240nm. 

The enzyme activity was defined as the amount of H202 (mM) decomposed per minute. 

3.5.2. Determination of Ascorbate peroxidase (APX) activity 

 APX activity was determined by using Sunohara and Matsumoto's (2004) 

method with some modifications. About 2ml of extract was mixed with 0.5ml of 

100mM potassium phosphate buffer (pH 7), 0.5ml of 1mM ascorbic acid, 0.5ml of 

0.4mM EDTA and 0.02ml 0f 10mM H202. Then, absorbance was measured at 290nm. 

The enzyme activity was defined as the number of H2O2 (mM) decomposed per 

minute. 

3.5.3. Superoxide dismutase (SOD) activity 

 The SOD activity was determined following McCord (2001). About, 3 ml of 

the extract was mixed with 1.5M sodium carbonate, 0.1 ml of 3 mM EDTA, 0.2 ml of 

200 mM methionine, 0.1 ml of 2.25 mM NBT, 1.5 ml of 100 mM potassium phosphate 

buffer, 0.95 ml of distilled water, and 0.5 ml of extract. The tube without the extract 

was taken as a control. The reaction was started by adding 0.1 ml riboflavin (60uM) 
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under light for 15 mins. Then, the absorbance was measured at 560 nm and 1 unit of 

enzyme activity was defined as the quantity of enzyme which reduced the absorbance 

reading of samples by 50% in comparison with the control. 

3.5.4. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity 

 Antioxidant activity of the extract was determined with DPPH radical 

scavenging method (Yan-Hwa et al. 2000). To 50µl of 10-100µg/mL plant extract, 2 

ml DPPH was added and kept in dark at room temperature for 30 mins. Then, 1 ml 

methanol and 2 ml DPPH were used as positive control while methanol solution was 

used as a negative control. Then, the absorbance was measured at 517 nm. The 

percentage of DPPH radical scavenging activity (%RSA) was calculated as: 

%RSA = 100 X (absorbance of control – Absorbance of the sample)/ Absorbance of 

control 

3.6. Nutritional Study 

3.6.1. Proximate analysis 

 For the estimation of protein and carbohydrates, 500 mg of edible parts were 

homogenized with phosphate buffer (50mM, pH 7.6). The extract was centrifuged at 

8000 rpm for 10 min at 4oC. The supernatant was then used for estimation of protein 

content following Lowry’s method (Lowry et a. 1951) and Carbohydrate content using 

Hall's (2007) method (Anthrone reagent) with glucose as a standard. 

3.6.2. Determination of mineral ion content 

 One gram of air-dried sample was crushed and digested using Nitric acid 

(HNO3) and Hydrogen Peroxide (H2O2) in a 5:1 ratio until it became crystal clear. The 

clear sample was cooled and diluted with distilled water to make up to 50 ml. The 

diluted solution was then filtered using a 0.2-micron membrane filter and analyzed for 

detection of elements using Atomic Absorption Spectroscopy (Shimadzu AA-7000, 

Japan) and Microwave Plasma Atomic Emission Spectroscopy (4100 MP-AES, 

Agilent Technologies, USA). 
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3.7. Antibacterial Study 

3.7.1. Bacterial strains 

 In vitro antimicrobial activity was tested for methanolic extracts from 10 

Solanaceae species against three bacterial strains viz. Bacillus subtilis ATCC11774, 

Pseudomonas aeruginosa ATCC9027 and Escherichia coli ATCC1229. 

3.7.2. Media preparation and Antibacterial activity 

 The antimicrobial assay was performed using the agar well diffusion method 

in a nutrient broth agar plate. A 40µl each of the extract was added to the well. The 

plate was incubated overnight at 300C and then the diameter of the zone of inhibition 

was measured. All the experiments were performed in triplicates using appropriate 

positive controls.  

3.8. FT-IR Analysis 

 Functional groups present in the studied samples were analyzed using Fourier 

transformed infrared (FT-IR) spectroscopy for the frequency ranging from 400-4000 

cm-1. 

3.9. Statistical analysis 

 All the results were reported as the mean ± standard deviation. The linear 

regression coefficient (R2) for total flavonoid and phenolic content with antioxidant 

activity was analyzed using Graph Pad Prism Version 5. P-value < 0.05 was 

considered significant. 
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Chapter 4 

Results 

 

4.1. Collection of Solanaceae plants  

 Solanaceae plants collected were recorded and deposited to the Herbarium of 

the Department of Botany, Mizoram University, Aizawl, Mizoram, and the voucher 

numbers of the samples were collected. In my study, 20 species (Photo plates 1 to 5) 

belonging to Solanaceae were collected from the study sites.  
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Photo plate 1  
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