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INTRODUCTION
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History and Culture of Drinking 
 
Ethnic fermented foods and alcoholic beverages are produced by the ethnic people of 

the world using their indigenous knowledge from locally available raw materials of 

plant or animal sources either spontaneously or by ‘back-slopping’ or adding starter 

culture(s) containing functional microorganisms which modify the substrates 

biochemically and organoleptically into edible products that are culturally and socially 

acceptable to the consumers (Tamang 2010a; Taylor et al. 2020). Food fermentation 

also promote the biological enrichment of nutrients such as vitamins, organic acids and 

essential amino acids in food (Blandino et al. 2003), probiotics (Rezac et al. 2018) and 

several health-promoting benefits (Tamang 2015). Alcoholic beverage forms a deep-

rooted food culture of every community in this world (Tamang 2010b) where 

production involves mainly five steps: (i) selection of starchy raw material (ii) 

processing of the raw material to give a fermentable extract mostly sugar (iii) alcoholic 

fermentation by yeast, principally by strains of Saccharomyces cerevisiae and non-

Saccharomyces and fungi (iv) distillation of the fermented material to give the 

distillate product and (v) post-distillation processing (Walker and Stewart 2016; 

Grumezescu and Holban 2019). Alcoholic beverages and liquors are culturally and 

socially accepted product for drinking, entertainment, customary practices and 

religious purposes (Tamang 2010b; Savic et al. 2016). Wine, in Latin means vinum, 

generally refers to alcoholic fermentation of grape juice without distillation 

(McGovern et al. 2004), and historically wine was made in the Caucasus and 

Mesopotamia in modern day Georgia in 6000 BCE (Robinson 1994; Pretorius 2000). 

Beer-making process was originated in ancient Egypt and Mesopotamia around 4000 

BCE (Damerow 2012). One of the oldest alcoholic beverages of Latin America known 

as pulque was inherited from the Aztecs 1000 years ago (Escalante et al. 2016). 
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Traditional alcoholic beverages and liquors have specific sensory properties with 

strong ritualistic importance among the ethnic people in Asia and Africa where 

drinking of appreciable quantities of alcohol is a part of dietary culture and social 

obligation (Orji et al. 2003; Faria-Oliveira et al. 2015; Gou et al. 2015; Tamang et al. 

2020). In Asia, traditionally prepared dry amylolytic starters are used to convert 

starches to sugars (Aidoo and Nout 2010; Tamang 2010a) to prepare alcoholic 

beverages from cereals (Tamang et al. 2016a). Historically and culturally, wine, 

whisky, rum, brandy and beer were not traditional beverages/alcoholic drinks of Asian 

people (Tamang et al. 2020). However, due to the Europeans during colonial rules in 

many Asian and African countries, such alcoholic drinks have become popular in Asia 

and Africa (Hutkins 2019). 

Drinking of alcoholic beverages and drinks in India first appeared in Indus Valley 

civilization around 6000 BCE (Sarkar et al. 2016), based on findings of clay pots items 

from excavations sites (Mahdihassan 1979), mostly through fermentation (Singh et al. 

2010), crude alcoholic distillation (Achaya 1991). Historically, liquor God Soma was 

worshipped by soma rus, a refreshing sweet juice prepared from leaf-less vine 

(Sarcostemma acidum) during the Vedic period (Somasundaram et al. 2016), which 

had medicinal values (Sarma 1939). High alcoholic distilled liquor prepared by 

fermenting millets called sura and parisrut, an alcoholic product fermented from 

flowers were the earliest alcoholic beverages of India around 1500 BCE (Mahdihassan 

1981). There has been no historical evidence of wine making, beer-brewing and 

malting for alcoholic beverages in India since Indus Valley civilization (Tamang 

2020). Wine, rum, brandy, whisky and beer were introduced to modern Indian by 

British during colonial rule (Goodman 2018). Historically and traditionally in India, 

alcoholic beverages are fermented either by using traditionally prepared dry amylase 
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and alcohol-producing cereal-based starters (through back-slopping method) or natural 

fermentation of plant (such as toddy, tari) or cereals, and production of distilled liquor 

(Tamang 2020).  

 

The Eastern Himalayas 

The Himalayas are the centre of rich bio-diversity of culture, ethnicity, natural 

resources and water resources (Tamang 2010a). The Himalayan arc extends between 

latitudes 26°20' and 35°40' North and between longitudes 74°50' and 95°40' East (Ives 

2006) and based on the geo-morphology and demography, the Himalayas are divided 

into the Western, Central and the Eastern Himalayas (Nandy et al. 2006). The 

geographical extend of the Eastern Himalayas stretch from the eastern Nepal, North 

East India (Darjeeling hills/Gorkhaland Territorial Administration or GTA, Sikkim and 

Arunachal Pradesh) and Bhutan to Tibet Autonomous Regions in China (Saha 2013) 

(Figure A). The ethnic people of Nepal are Newar, Magar, Tamang, Rai, Limboo, 

Gurung, Bahun, Chettri, Dewan, Sanyasi, Bhujel, Sunwar, Khagatey, Sherpa, Kami, 

Damai, Sarki, Yadav, Taru, Mahji, Kumhal, Urau, Meche, Dhimal, Satar, Rajbanshi; 

ethnic people of Darjeeling Hills/GTA are Gorkha/Nepali (Rai, Tamang, Gurung, 

Limboo, Chettri, Magar, Bahun, Pradhan/Newar, Dewan, Sunwar, Bhujel, Khagatey, 

Sherpa, Sansyasi/Giri, Kami, Damai, Sarki, Maji, Lepcha, Tibetan); Sikkim are ethic 

Nepali (Bahun, Chettri, Sansyasi/Giri, Magar, Tamang, Pradhan/Newar, Rai, Limboo, 

Gurung, Bhujel, Dewan, Sunwar, Khagatey, Sherpa, Kami, Damai, Sarki, Maji, 

Lepcha, Bhutia); Arunachal Pradesh are Monpa, Sherdukpen, Memba, Khamba, 

Khampti, Singpho, Adi, Aka, Apatani, Bangni, Nishing, Mishmi, Miji, Tangsa, Nocte, 

Wancho; and Bhutan are Drukpa/Ngalop, Sharchop and ethnic Nepali/Lhotshamp 

(Tamang 2010a; Gupta 2018). 
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Topographically, linguistically and culturally the ethnic Nepali or Gorkha of Nepal, 

Darjeeling hills, Sikkim and south Bhutan have similarities with more than 20 major 

castes within the community (Preet et al. 2016). The Himalayan people practice 

agrarian and pastoral types of mountain-farming and animal husbandry system 

(Sharma et al. 2007; Bhasin 2013). Many region-specific ethnic fermented foods and 

beverages are traditionally produced from locally available plant and animal-resources 

which are cooked/fried into varieties of flavoursome and delicious cuisine and 

consumed as staple diets, side-dish, curry, soup, savoury, condiments and alcoholic 

drink by ethnic people of the Eastern Himalayas (Tamang 2010a; Tamang et al. 2010; 

Tamang et al. 2012). Majority of ethnic Himalayan people drink home-made 

traditional alcoholic beverages and distilled liquor prepared from cereals (rice, finger 

millets, maize) as a part of their dietary culture and social obligation (Tamang 2010a). 

Fig. A: Location map of the Eastern Himalayas showing eastern Nepal, Darjeeling hills,

Sikkim and Arunachal Pradesh in India and Bhutan
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One of the most popular mild-alcoholic (~4% alcohol) beverage called kodo ko jaanr 

(Thapa and Tamang 2004) is prepared from fermented finger millet seeds by dry 

amylolytic starters, has been recorded during the Kirat dynasty of Nepal in 625 BCE to 

100 BCE (Adhikari and Ghimirey 2000). The Newar, one of the ethnic communities of 

Gorkha, used to ferment alcoholic beverages from rice in 880 BCE during Malla 

dynasty in Nepal (Khatri 1987). The first record of chyang, fermented finger millet 

alcoholic beverage similar to kodo ko jaanr in Sikkim was first mentioned in Gazetteer 

of Sikkim by Risley (1928) which quoted “marwa or chyang, is a kind of beer brewed 

by everyone in Sikkim, and might be called their staple food and drink”. Short 

descriptions of fermented millet beverages as alcoholic drink consumed by the local 

ethnic people were mentioned in historical documents on Darjeeling and Sikkim 

(Hooker 1854; Gorer 1938). 

 

Traditional Dry Starters  

The ethnic people of the Eastern Himalayan regions of India, Nepal and Bhutan have 

innovated an art of starter-making traditional technology (Tamang 2005). During 

preparation of starters, over-night soaked and pounded rice flours are mixed with wild 

herbs, spices and ~1-2% of previously prepared dry starters in powder forms to make 

doughs with variable size and shapes are placed in fresh fern leaves and allowed to 

ferment for 2-3 days at room temperature and the freshly fermented doughs are then 

sun dried for 2-3 days to get dry starters (Tamang et al. 1996; Thakur et al. 2015; 

Anupma et al. 2018). Every ethnic community in the Himalayan regions of India, 

Nepal and Bhutan prepare dry starters with slight variation in use of raw substrates 

such as rice or wheat, and wrapping materials, which are known as marcha in Nepal, 

Darjeeling hills and Sikkim in India (Thapa and Tamang 2020), mana and manapu of 



6 
 

Nepal (Nikkuni et al. 1996), phab in Bhutan (Tamang 2010a) and varieties of locally 

prepared starter cultures in North East India such as chowan in Tripura, dawdim in 

Mizoram, humao, modor pitha in Assam, hamei in Manipur, khekhrii in Nagaland, and 

phut in Arunachal Pradesh (Anupma et al. 2018). Similar types of dry starters for 

alcohol production are also traditionally prepared in different countries in South East 

Asia by ethnic Asian communities such as benh men in Vietnam (Dung et al. 2007; 

Thanh and Tuan 2008), dombea or medombae in Cambodia (Chim et al. 2015; Ly et al. 

2018), bubod in Philippines (Kozaki and Uchimura 1990), nuruk in Korea (Jung et al. 

2012), ragi in Indonesia (Surono 2016), daqu or chiu or chu in China (Wang et al. 

2008; Chen et al. 2014) and loogpang in Thailand (Limtong et al. 2002). The most 

notable innovation in traditional preparation of starter cultures is practice of “back-

slopping” method (terminology in modern food microbiology) for sub-culturing the 

desirable and essential microbiota by ethnic Asians irrespective of their geographical 

locations (Tamang et al. 2020). 

Filamentous moulds, amylase and alcohol-producing yeasts and bacteria co-exist as 

consortia in Asian dry starters (Hesseltine and Ray 1988; Steinkraus 1996; Tamang 

and Fleet 2009; Tamang 2016a). In Asian dry starters, species of filamentous moulds 

such as Rhizopus, Mucor, Aspergillus, Penicillium, Amylomyces (Hesseltine and Ray 

1988; Hesseltine 1991; Sha et al. 2019; Anupma and Tamang 2020); yeasts species 

such as Saccharomyces, Pichia, Sacharomycopsis, Candida (Heseltine and Kurtzman 

1990; Jeyaram et al. 2008, 2011; Lv et al. 2012; Sha et al. 2016, 2017, 2018, 2019) and 

bacteria (Hesseltine and Ray 1988; Tamang et al. 2007; Zheng et al. 2012, 2015; Li et 

al. 2014; Sha et al. 2017) are involved in saccharification (Lee and Lee 2002; Tamang 

and Thapa 2006) and liquefaction (Pervez et al. 2014), and then alcohol-production 

(Tsuyoshi et al. 2005; Zheng et al. 2011) in end product (Li et al. 2012; Nile 2015). 
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Besides saccharifying and alcohol producing ability of mycelia moulds and yeasts, 

some bacterial species present in starters also contribute in imparting flavour (Yang et 

al. 2017), antagonism, and acidification of fermenting substrates (Tamang et al. 2007; 

Huang et al. 2017). Extensive profiling of diversity of yeasts and mycelial moulds in 

various traditionally prepared dry starters collected from different places of North East 

India have been reported earlier (Tamang et al. 1988; Tamang and Sarkar 1995; 

Tsuyoshi et al. 2005; Jeyaram et al. 2008, 2011; Bora et al. 2016; Sha et al. 2017, 

2018, 2019; Anupma and Tamang 2020). Samples of marcha collected from 

Darjeeling hills and Sikkim in India were analysed earlier and reported few species of 

bacteria Pediococcus pentosaceus (Tamang and Sarkar 1995), Pediococcus 

pentosaceus and Lb. brevis (Tamang et al. 2007), Acetobacter, Fructobacillus, 

Lactococcus, Lactobacillus, Leuconostoc, Burkholderia and Gluconacetobacter (Sha 

et al. 2017). 

 

Experimental Designs to study the Objectives 

Sole phenotypic method of identification of bacteria may not be authentic and 

appropriate, hence application of 16S rRNA gene sequencing method using PCR 

products is more appropriate and accurate (Clarridge III 2004; Srinivasan et al. 2015). 

Use of Sanger Sequencing method or Chain-termination DNA (Sanger et al. 1977) 

modified with automation method to check the sequence of the templates (Heather and 

Chain 2016) is more popular. Probiotics are one of the functional properties of 

fermented foods and beverages (Tamang 2015; Tamang et al. 2016b), and some lactic 

acid bacteria (LAB) are used as health-promoting organisms (Monteagudo-Mera et al. 

2012). Some bacteria have been claimed to have probiotics characters in non-dairy 

fermented beverages (Que et al. 2006; Prado et al. 2008; Giri et al. 2018). Probiotic 
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cultures should demonstrate the following properties to be recognised as functional 

food components; such as acid and bile-stability, resistance to digestive enzymes, 

adhesion to intestine surface, antagonistic activity, anti-carcinogenic and anti-

mutagenic activity, cholesterol-lowering effects, stimulation of the immune system 

without inflammatory effects, enhancement of bowel motility, maintenance of mucosal 

integrity, improvement of bioavailability of food compounds and production of 

vitamins and enzymes (Shi et al. 2016; Campana et al. 2017; Ghosh et al. 2019). 

Lactobacillus plantarum DM5 isolated from marcha of Sikkim showed a very 

effective antioxidant property along with the ability to produce bioactive γ-

aminobutyric acid (GABA) which is a major inhibitory neurotransmitter in mammalian 

brain (Das and Goyal 2015). Pediococcus pentosaceus CIAL-86 isolated from wine 

have been reported to show anti-adhesion activity against Escherichia coli CIAL-153 

(Garcia-Ruiz et al. 2014). 

No published reports are available on bacterial diversity associated with marcha of 

Nepal and Bhutan, phab of Bhutan and paa, pee and phut of Arunachal Pradesh till 

date. We collected dry samples of marcha, pee, paa, phut and phab from different 

places of the Eastern Himalayan regions of Nepal, India and Bhutan to profile the 

bacterial diversity, since information on yeasts and mycelial moulds community is 

already available (Sha et al. 2017, 2018, 2019; Anupma and Tamang 2020). An 

attempt has also been made in this study to screen bacterial strains from traditionally 

prepared dry starters for probiotic and functional attributes. 
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Objectives of the Thesis are: 

1. Collection of starter cultures from few places of the Eastern Himalayas 

(Eastern Nepal, Darjeeling, Sikkim, Arunachal Pradesh and Bhutan). 

2. Isolation and enumeration of bacteria from starter cultures. 

3. Identification of bacterial isolates by phenotypic and genotypic methods. 

4. To determine some functional properties of bacterial isolates. 
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Consumption of fermented foods and beverages has been a long history in the human 

civilization (Tamang and Samuel 2010). Fermented beverages were believed to have 

originated around 4000 BCE (Damerow 2012) and archaeological studies have 

suggested that the practice of fermentation might have even occurred earlier around 

6000 BCE (Renfrew 1999; Wilson 1999). Chinese fermented alcoholic beverage 

which is considered as one of the oldest ferment liquors produced using daqu, an 

amylolytic starter, dated back to Han dynasty (221 BCE to 207 BCE) (Qin 2000; 

Needham 2000).The concept of solid-state cultivation (SSC) originated in China 

around 3000-2000 years ago (Murakami 1980; Gomi and Abe 2007). During the Yayoi 

period (10th Century BCE to 3rd Century BCE) this technology of SSC travelled from 

China to Japan (Murakami 1980). The use of filamentous fungi as inocula in solid state 

fermentation has been recorded during the period of Heian and Muromachi period in 

Japan (13th-15thcentury) (Murai 1989). This tradition has percolated over the 

generations and is now available as koji which means the material fermented by 

Aspergillus oryzae in SSC and the organism itself (Machida et al. 2008). Though 

fermentation of food was initially used as a measure to preserve it; fermented foods 

have been found to have rich nutrient content, better nutrient bioavailability, different 

functionality and a unique flavor and texture as compared to the raw substrates from 

which it is prepared (Hesseltine and Wang 1980). The social, cultural, ethnicity, 

economical and religious factors along with agricultural practices greatly determines 

the substrates used for preparation of fermented foods and alcoholic beverages 

(Tamang et al. 2020). In Asia, the fermented food and beverages (lao-chau, ang-kak, 

idli, phab, hamei, basi, bhaati jaanr) are prepared mainly using rice as the primary 

substrate; in Africa, millets, wheat, maize, sorghum and cassava which are the major 

food crops of this region are used for food and beverage fermentations (bantu beer, 
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bussa, fufu, gari) (Tamang et al. 2020). In Europe fermented milk, meat and vegetables 

products are more popular (Tamang et al. 2020). Fermented foods and beverages are a 

major part of dietary culture of the ethnic people of Asia and Africa (Nout 2009).  

Maize (Zea mays), sorghum (Sorghum vulgare), rice (Oryza sativa), and millets such 

as pearl millet (Pennisetum glaucum) and finger millet (Eleusine coracana) are the 

cereals commonly used for the preparation of fermented foods, starters and drinks in 

these regions (Nout 2009). The tropical climate of Asia-Pacific region highly favours 

the cultivation of rice in these regions and hence due to its abundant availability, most 

of the alcoholic beverages are produced by fermenting rice (Haard 1999). In Europe 

and Mediterranean region wine, which is an alcoholic beverage made by fermenting 

fruits is a popular drink however, in Asia and Africa vinification is rare and alcoholic 

beverage prepared by fermenting cereals are popular (Berbegal et al. 2017). 

Fermenting and consuming alcoholic beverage are an ingrained conventional and 

customary practice amongst the ethnic population of Asia, Africa and Latin America 

(Ritchie and Roser 2018). A varied range of fermented alcoholic beverages are 

available in different continents of the world and based on the type and process of 

production Tamang (2010b) and Tamang et al. (2016a) have broadly classified these 

alcoholic beverages into following different categories: Non-distilled and unfiltered 

alcoholic beverages such as makgeolli of Korea (Kim et al. 2018) and bhaati jaanr of 

India and Nepal (Tamang and Thapa 2006); Non-distilled and filtered alcoholic 

beverages such as sake of Japan (Koyanagi et al. 2016); Distilled alcoholic beverages 

such as soju of Korea (Bae et al. 2007); Alcoholic beverages produced by using 

amylase from human saliva such as chicha of Peru (Bassi et al. 2020); Alcoholic 

beverages produced by mono- (single-strain) fermentation such as beer (Thesseling et 

al. 2019); Alcoholic beverages from honey such as tej of Ethiopia (Lemi 2020); 
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Alcoholic beverages produced using plant parts such as pulque of Mexico (Álvarez-

Ríos et al. 2020); Alcoholic beverages produced by malting such as pito of Nigeria and 

Ghana (Zaukuu et al. 2016); Alcoholic beverages from fruits (prepared without 

distillation) such as wine (Sternes et al. 2017); Alcoholic beverages from fruits and 

cereals (distilled) such as whisky (Tamang 2010a). 

The fermented alcoholic beverages are prepared using dry starter cultures which is an 

innovative back-slopping technique of preserving the native microflora in a form of 

round to oval shaped cake made up of cereal dough (Tamang et al. 1996; Tamang 

2010a). The use of ethnic starter cultures for the fermentation of alcoholic beverages is 

a common practice as well as a tradition especially in Asian continent (Hesseltine and 

Kurtzman 1990). The knowledge of preparation of these amylolytic starters and 

fermented alcoholic beverage is a cultural and technological heritage which has been 

passed on from generation to generation using this back-slopping method (Anupma et 

al. 2018; Sha et al. 2017, 2018). These amylolytic starters which consist of consortia of 

filamentous moulds, yeasts and bacteria, are used for the preparation of fermented 

alcoholic drinks and distilled liquor (Tamang et al. 1996; Tamang 2010a). In Asia, the 

amylolytic starters used for alcohol fermentation is broadly categorized into 3 different 

types (Hesseltine and Ray 1988):  

(a) Koji: Mixed cultures of Aspergillus oryzae and Aspergillus sojae used mainly for 

production of soya sauce and miso (Hesseltine and Ray 1988; Singh et al. 2019). 

 (b) Amylolytic starter cakes made up of whole wheat flour containing yeasts, 

Rhizopus spp. and Absidia spp., which is fermented for about a month and used for the 

production of alcoholic beverages (Hesseltine and Ray 1988). 
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(c) Dry, flattened or round balls containing a mixed culture of yeasts, bacteria and 

fungi, which are used to ferment cereals and cassava to produce fermented alcoholic 

beverage (Hesseltine and Ray 1988). 

Koji is widely used in Japan, Korea and China to produce several alcoholic beverages 

as well as non-alcoholic beverage’s and have been widely studied and industrialized 

(Kitamura et al. 2016; Kam and Fiona 2018). Jung et al. (2012) have further broadly 

classified the amylolytic fermentation starters for rice beers in Asia in two categories: 

(1) Single strain starters: pure culture of Aspergillus oryzae such as koji of Japan 

(Kitamura et al. 2016) and (2) Mixed strain starters: starters prepared from mixture of 

fungi, yeasts and bacteria which is naturally inoculated from the environment into raw 

cereals dough such as nuruk of Korea (Jung et al. 2012; Song et al. 2013) and ragi of 

Indonesia (Sujaya et al. 2001)  

Preparation of starter cultures for alcoholic beverages varies from region to region and 

also among the different ethnic communities within a region (Tamang 2010a). Cereals 

such as rice, maize, millet, etc. are used as a substrate for preparation of amylolytic 

starter cultures and in some cases the final product (alcoholic beverage) itself is used 

as a starter inocula for the next fermentation (Aidoo and Nout 2010). Ethnic starters 

are known by different vernacular names such as marcha in India (Tamang and Sarkar 

1995; Tsuyoshi et al. 2005), Nepal and Bhutan, ragi in Indonesia, daqu/chiu/chu in 

China and Taiwan, loogpang in Thailand, nuruk in Korea, bubod in Philippines, and 

banh men in Vietnam (Tamang et al. 1996; Dung et al. 2007). Some starters are also 

prepared using different herbs along with cereals such as marcha of India, Nepal and 

Bhutan, phab of Bhutan, emao of Assam (Anupma et al. 2018) and medomdae of 

Cambodia (Chim et al. 2015). The next section discusses some of the earlier reported 
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amylolytic starter cultures which have been categorized based on the substrates used 

for its preparation (Table I). 

 

Rice based traditionally prepared dry starters  

Medomdae/Mesra 

Medomdae is a dried starter culture traditionally prepared by ethnic community- 

Khmer (Tamang 2016a) is used to produce fermented alcoholic beverages such as 

Srasor, Srapeang and sombai in Cambodia. Glutinous rice or rice barn is used as the 

main substrate which is soaked overnight and ground to powdered form. Various 

plants such as Albizia myriophyla, Cananga latifolia, Diospyros nitida, Cinnamomum 

polyadelphum, Amomum krervanh and Melaleuca leucadendron are used during the 

preparation process (Chim et al. 2015). 

 

Ragi tape 

Ragi tape is a traditional dry starter used for fermentation of tape ketan (ferment, 

sweet-sour and mildly alcoholic beverage), brem (Balinese rice wine) and arak 

(distilled alcoholic beverage) in Indonesia (Cronk et al. 1977). Ragi is prepared from 

rice flour and spices which is mixed either with water or with sugarcane juice (Tamang 

2016a). Ragi is prepared from rice, millet or cassava which is first powdered and 

mixed with herbs and spices such as pepper, cinnamon, chilly, garlic and galangal 

(Alvina galangal) (Nuraida and Krusong 2014). Water and powder of old ragi is then 

added to the mixture and small balls of fresh ragi are prepared. The freshly prepared 

ragi is then kept for incubation on a bamboo tray covered with banana leaves for 72 h 

in humid environment (Sujaya et al. 2001). After the incubation period the ragi balls 

are sun dried/air dried and used for fermentation of alcoholic beverage (Surono 2016).  
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Table I: Dry starters of Asia 

Substrate Starter 
Culture Plants used Alcoholic 

beverage Country/Region References 

Rice 

Medomdae/ 
mesra 

Albizia myriophyla, Amomum krervanh,Cananga 
latifolia, Diospyros nitida, Cinnamomum 
polyadelphum, and Melaleuca leucadendron 

Srasor/ 
srapeang/ 

sombai 
Cambodia Chim et al. (2015); Tamang 

(2016a) 

Ragi tape Pepper, cinnamon, chilly, garlic and galangal 
(Alvina galangal Sw.) 

Tape/ 
brem/ 
arak 

Indonesia Cronk et al. (1977); Nuraida and 
Krusong (2014); Tamang (2016a) 

Banh men none Ruou Vietnam Dung (2004); 
Tamang (2010b) 

Khekhrii/ 
khrie 

none Zutho Nagaland, India Anupma et al. (2018) 

Marcha Plumbago zeylanica, Buddleja asiatica, Vernonia 
cinerea, ginger and red dry chili 

Raksi/ 
Jaanr/ 
chyang 

Sikkim (India)West Bengal  
(India), Nepal and Bhutan 

Ray et al. (2016); Anupma et al. 
(2018) 

Loogpang Powder of Kha root, spices 
Lao/ 

kao-mag 
 

Thailand 
Lotong (1998); Limtong et al. 
(2002); Tamang (2010b); Tamang 
(2012) 

Wheat 

Nuruk none Makgeolli/ 
yakju/ takju Korea Park et al. (1977); 

Bal et al. (2016) 

Daqu none Moutai/luzhao/ 
Fen/xifen China Wang et al. (2004); Zheng et al. 

(2011) 

Mana Leaves of herb harrah Ayela Nepal Tamang (2010b);  
Anupma et al. (2018) 

Malera 
/treh none Bhatooru 

/chilra Himachal Pradesh, India Bhalla (2007); 
Tamang et al. (2016c) 
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Wheat 

Balam Cinnamomum zeylanicum, Piper longum, Amomum subulatum, leaves 
of wild chillies and the seeds of Ficus religiosa 

Jaanr/ 
daru Uttaranchal, India 

Roy et al. (2004); 
Das and Pandey (2007); 

Kumari et al. (2016) 

Wheat Qu none Chinese 
rice wine China 

Mo et al. (2009); 
Shang et al. (2012); 

Ji et al. (2018) 

Barley 

Phab none Chaang Ladakh, India Angmo and Bhalla (2014) 

Keem 

Fresh twigs of Cannabis sativa and leaves of Sapindus mukoross, leaves 
and tender parts of Leucas lanata, Zanthoxylum armatum, Melica 
azedarach and Dicliptera roxburghiana, Cannabis sativa and Pinus 
roxburghi 

Soor Uttaranchal, India 
Rana et al. (2004); 

 Sekar and Mariappan (2007) 
Kumari et al. (2016) 

Dhehli 

Cannabis sativa (bhang), Trachyspermum copticum (ajwain), Saussurea 
sp. (bbacha), Bupleurum lanceolatum (nimla), Pistacia integerrima 
(kkakarshinga), Solanum xanthocarpum (katari), Micromeria biflora 
(chharbara), Spiranthes australis (bakarshingha), Viola cinerea 
(banaksa), Arisaema hellebore folium (chidirichun), Fragaria sp. 
(dudlukori), Aegel marmelos (bhel), Drosera lunata (oshtori), Salvia sp. 
(kotugha) and Clitoria ternatea (kkayal) 

Sura Himachal 
Pradesh, India Thakur and Bhalla (2004) 

Sorghum Pito Manihot utillissima pohl Pito Africa Orji et al. (2003) 

Maize Phab/pho Flowers of bhagam plant Ara Bhutan Anupma et al. (2018) 

Honey Kuri Capsicum frutessens Kuri Africa Roger et al. (2014) 

Millet Manapu Flowers of the plant manawasha and black pepper Poko Nepal Tamang (2010b) 
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Banh men 

Banh men is an amylolytic starter used to produce the alcoholic drink ruou in Vietnam 

(Dung 2004). Uncooked rice flour is mixed with herbs, spices and water to make 

dough which is then made into small balls of fresh banh men (Thanh and Tuan 2008). 

The freshly prepared banh men is then kept on a bamboo tray and then sprinkled with 

powdered old banh men. The freshly prepared banh men is then incubated at room 

temperature for few days (Dung et al. 2006, 2007). 

 

Khekhrii 

Khekhrii also known as khrie is an amylolytic starter prepared by the ethnic tribal 

people of Nagaland, India (Anupma et al. 2018). This starter is used to produce the 

fermented alcoholic beverage zutho by the Angami tribe (Anupma et al. 2018). Khrie is 

different compared to other amylolytic starters in two ways: first it is prepared using 

sprouted unhulled rice and second it is not prepared using the old starter or by back-

slopping technique as most of the starters is made (Anupma et al. 2018). During the 

preparation of Khrie the unhulled rice is first soaked in water and allowed to germinate 

for 2-5 days (Tamang 2010b). Once the rice sprouts it is sun dried, powdered and used 

as a starter for the preparation of zutho (Tamang et al. 2012).  

 

Marcha 

Marcha is the amylolytic starter found in India, Nepal and south and eastern part of 

Bhutan. It is used to prepare the ferment alcoholic drinks such as raksi and jaanr 

(Sarkar and Tamang 1995). Marcha is prepared by soaking glutinous rice which is 

then powdered and mixed with different plant parts and herbs such as roots of guliyo 

jara or chitu (Plumbago zeylanica), leaves of bheemsen paate (Buddleja asiatica), 
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flower of sengreknna (Vernonia cinerea), ginger and red dry chili (Tamang et al. 1996; 

Shrestha et al. 2002). This mixture is then kneaded into fresh marcha balls and cakes 

by adding water. These freshly prepared marcha is then dusted with old powdered 

marcha and kept on the leaves of fern Glaphylopteriolopsis erubescens and incubated 

at room temperature for 24 h (Tamang 2010b). After the incubation period the marcha 

is sun dried for about 5 days and used (Tsuyoshi et al. 2005). 

 

Loogpang 

Loogpang is an amylolytic starter culture for fermented foods, alcoholic beverages and 

vinegar in Thailand (Kishida et al. 2009). The word “loogpang” literally means 

“Chinese yeast cake” in Thai language (Limtong et al. 2002). The initial substrate used 

for preparing loogpang is rice which is mixed with different spices (Kishida et al. 

2009). The microbial inoculum in loogpang is either from previously made starter or 

from the natural environment. The preparation knowledge of loogpang is limited 

probably and it is prepared only in few households in Thailand (Limtong et al. 2002). 

The final products produced using loogpang are lao (rice wine), kao-mag (alcoholic 

sweetened rice) and num somsai chu (vinegar) (Lotong 1998). 

 

Wheat based Amylolytic starters  

Nuruk 

Nuruk is an amylolytic starter used for making traditional fermented alcoholic 

beverages like makgeolli, yakju and takju in Korea (Bal et al. 2016). Nuruk is prepared 

using wheat as the substrate which is fermented by naturally incorporated microbes 

(molds, bacteria and yeasts) (Park et al. 1977). During the preparation of nuruk the 

wheat is first moistened and powdered after which it is kneaded into small balls. The 
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incubation period for nuruk fermentation is 17 days after which it is dried for 2 weeks 

and cured at room temperature for 1-2 months (Park et al. 1977). Originally rice was 

used as an initial substrate for preparation of nuruk, however it has now been replaced 

by wheat (Lee and Kim 2016). 

 

Daqu 

Daqu is a natural fermentation starter for distilled liquor and traditional vinegar and is 

prepared from wheat, barley and/or pea in China (Wang et al. 2004). In China, famous 

liquors such as Moutai liquor, Luzhou liquor, Fen liquor and Xifeng liquor are 

prepared using daqu as fermentation starter (Wang et al. 2004). Daqu is quite different 

from other Asian fermentation starters and is composed of wheat, barley and peas, 

mixture of fungal and bacterial microflora and microbial enzymes and metabolites (Du 

et al. 2019). Fermented alcoholic beverage is prepared by adding powdered daqu to 

cooked sorghum which is then fermented in a sealed jar for about a month after which 

distillation is done to prepare the final product (Tang et al. 2019). Daqu not only 

serves as an inoculum but it also functions as initial fermentation substrate for making 

the final product. During the preparation of Fen liquor, daqu form 10-15% of the total 

substrate and in Luzhou liquor it forms about 20-25% of the total initial substrate 

(Zheng et al. 2011). 

 

Mana 

Mana is a traditionally prepared starter made from wheat flakes of Nepal (Nikkuni et 

al. 1996). Mana is prepared by the Newar/Pradhan community of Nepal and is black in 

color (Tamang 2010a). Fermented alcoholic product ayela is prepared from mana 

(Anupma et al. 2018). Wheat is soaked in water overnight, steamed and then spread on 
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straw mat for about a week (Tamang 2010a). Dried leaves of herb harrah and 

powdered old mana are also added to the wheat before incubation. Green moulds grow 

on the steamed rice during this period (Nikkuni et al. 1996). This molded rice is then 

sun dried and used as a starter (Nikkuni et al. 1996). 

 

Balam 

Balam is a wheat-based starter prepared by the Bhotiya community of Uttaranchal 

Himalayas (Kumari et al. 2016). Balam is used to prepare the fermented alcoholic 

beverage jaanr and daru (Das and Pandey 2007). During the preparation of balam, 

wheat is first washed, sun dried and grounded into a fine powder form (Das and 

Pandey 2007; Roy et al. 2004). The powdered wheat is then roasted and mixed with 

powdered Cinnamomum zeylanicum, Piper longum, Amomum subulatum, leaves of 

wild chillies and the seeds of Ficus religiosa (Das and Pandey 2007; Roy et al. 2004). 

Powdered old balam is then added to the above mixture as an inoculums (Das and 

Pandey 2007; Roy et al. 2004). The mixture is then kneaded into fine small balls by 

adding required amount of water. These fresh balam balls are then kept for drying in a 

shade. After drying the fresh balam balls can be used for preparing the alcoholic 

beverage or stored for future (Das and Pandey 2007; Roy et al. 2004). 

 

Wheat Qu 

Wheat Qu is a traditionally prepared dry starter culture used for the preparation of 

famous Chinese rice wine in China (Ji et al. 2018). Wheat Qu is of two types; raw 

Wheat Qu and cooked Wheat Qu (Ji et al. 2018). The raw Wheat Qu is prepared by 

first washing the wheat and the moist wheat is then grounded to form fine powder 

which is then mixed with water to form a fine paste (Shang et al. 2012; Mo et al. 
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2009). The wheat paste is then moulded into brick shaped blocks which are kept in non 

sterile environment for a period of 15 days-2 months which favours the natural 

inoculation of moulds, yeast and bacteria from the environment (Shang et al. 2012; Mo 

et al. 2009). In case of cooked wheat Qu the wheat is first steamed and then grounded 

to make the brick shaped blocks for incubation. The cooked wheat Qu is categorised 

into two types based on the source of inoculums: naturally cooked wheat Qu (prepared 

in natural environment like raw wheat Qu) and pure wheat Qu (prepared by 

inoculating pure species of fungi such as Aspergillus flavus) (Ji et al. 2018).  

 

Malera/treh 

Malera/treh is traditionally prepared dry starter culture in Himachal Pradesh which is 

used to prepare fermented foods such as bhatooru/chilra (Tamang et al. 2016c). It is 

prepared from wheat/buckwheat flour dough or slurry which is fermented with the 

addition of malera which mainly consists of lactic acid bacteria and yeasts (Bhalla 

2007). 

 

Barley based dry starters 

Phab 

Phab is a traditional dry starter culture prepared by the Bhotoy community in Ladakh, 

India (Angmo and Bhalla 2014). Fermented alcoholic beverage chhang is prepared 

using phab. Phab is prepared from husked barley which is first roasted till it turns 

brown in color (Angmo and Bhalla 2014). The roasted barley is then grounded into 

coarse flour with the help of water driven wooden wheel locally known as rantak 

(Angmo and Bhalla 2014). The flour is then mixed with lukewarm water and kneaded 

into small balls. Old phab (one ball per kg of flour) is then grounded and sprinkled 
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over the freshly prepared phab as inoculums (Angmo and Bhalla 2014). Wheat flour is 

then sprinkled over this inoculated freshly prepared phab balls. The phab balls are the 

placed over and covered with the shrub Artemisia sp. (Angmo and Bhalla 2014). The 

shrub is further covered with sack or a warm cloth and incubated in a dark room for 2-

3 days after which the balls are allowed to dry for 5-7 days in shade (Angmo and 

Bhalla 2014). The shelf life of phab is more than a year and usually old phab balls are 

preferred over freshly prepared for the production of chhang (Angmo and Bhalla 

2014). 

 

Keem 

Keem, a dry starter culture prepared by the ethnic community residing in the Tons 

valley of Uttaranchal (Kumari et al. 2016). This starter is used for the preparation of 

fermented alcoholic beverage soor (Rana et al. 2004; Sekar and Mariappan 2007). A 

large number of herbal plants are used in the preparation of keem (Rana et al. 2004; 

Sekar and Mariappan 2007). 40 different herbal plants along with fresh twigs of 

Cannabis sativa and leaves of Sapindus mukoross are dried and powdered (Rana et al. 

2004; Sekar and Mariappan 2007). The powdered plants are then mixed with barley 

flour and jayaras (an extract prepared from leaves and tender parts of Leucas lanata, 

Zanthoxylum armatum, Melica azedarach and Dicliptera roxburghiana) (Rana et al. 

2004; Sekar and Mariappan 2007). The mixture is left overnight in a container and 

small round cakes are made from it. The fresh keem cakes are then alternately layered 

on shoots of Cannabis sativa and Pinus roxburghi (Rana et al. 2004; Sekar and 

Mariappan 2007). The cakes are then incubated in a close room for 24 days. The cakes 

are further incubated for 12 days after turning it upside down. After the incubation the 
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keem cakes are sun dried or air dried and stored for further use (Rana et al. 2004; Sekar 

and Mariappan 2007). 

 

Dhehli 

Dhehli is a dry starter used to prepare the fermented alcoholic beverage sura in 

Himachal Pradesh. Preparation of dhehli has a ritualistic importance and is prepared 

only during the month of September (Bhadrapada month) (Thakur and Bhalla 2004). 

Thirty six different kinds of herbs are used for the preparation of dhehli; Cannabis 

sativa (bhang), Trachyspermum copticum (ajwain), Saussurea sp. (bbacha), 

Bupleurum lanceolatum (nimla), Pistacia integerrima (kkakarshinga), Solanum 

xanthocarpum (katari), Micromeria biflora (chharbara), Spiranthes australis 

(bakarshingha), Viola cinerea (banaksa), Arisaema hellebore folium (chidirichun), 

Fragaria sp. (dudlukori), Aegel marmelos (bhel), Drosera lunata (oshtori), Salvia sp. 

(kotugha) and Clitoria ternatea (kkayal) are some of the important herbs used (Thakur 

and Bhalla 2004). These herbs are crushed and added to the fine flour of roasted 

barley. The mixture is then kneaded and a wooden vessel is used to make brick shaped 

starters which are then dried and used (Thakur and Bhalla 2004; Savitri and Bhalla 

2007). 

 

Sorghum based amylolytic starter 

Pito 

Some fermented alcoholic beverage such as pito is prepared using previously brewed 

pito. In this case the final product itself is used as the starter culture unlike in the case 

of other alcoholic fermented beverages discussed earlier (Orji et al. 2003). Pito is a 

fermented alcoholic beverage consumed in Africa, mainly in the west coast regions 
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such as in Nigeria (Zaukuu et al. 2016). Sorghum and maize is used as the substrate for 

the production of pito (Orji et al. 2003). The traditionally method of preparation of pito 

involves the germination of sorghum grains which is sun dried and then powdered. 

Garri, which is a powdered tuber of cassava (Manihot utillissima Pohl) is added as an 

adjunct to the ground sorghum malt (Orji et al. 2003). Water is added to this mixture 

and allowed to ferment for 2 days after which it is boiled and allowed to cool. The 

product is then filtered and small quantity of previous brew is added to it and allowed 

to ferment for 2 days more (Orji et al. 2003; Zaukuu et al. 2016). 

 

Honey based starter culture 

Kuri 

Kuri is a liquid starter culture like pito of Cameroon, where the extract from the final 

product (alcoholic beverage) acts as a starter for the next fermentation. Kuri is a 

unique alcoholic beverage prepared by fermenting honey in Cameroon, Africa (Roger 

et al. 2014). A kuri must is first prepared during the preparation of kuri (Roger et al. 

2014).  It is a mixture of unfermented honey; warm water and red pepper (Capsicum 

frutessens) extract (Roger et al. 2014). The mixture is filtered through a traditional 

filter made up of wood and leaves (Roger et al. 2014). The unfermented clear dark 

coloured filtrate is also consumed after jarring and cooling and is known as MbiiNdong 

(Roger et al. 2014). MbiiNdong is then heated to a temperature of 35-40°C and kuri 

starter is added in step wise manner to ferment the MbiiNdong. In the first step 1-2 

grams of kuri starter is added to 100 ml of MbiiNdong and incubated for 12-18 h 

(Roger et al. 2014). The resultant mixture is again added to 1 litre of fresh MbiiNdong 

and incubated for another 12 h after which it is again added to 10 litres of fresh 

MbiiNdong and further incubated for 12 h (Roger et al. 2014). The final mixture is 
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then left to ferment in a dark and warm room for 48-72 h. The final fermented liquid 

(fresh kuri) is then filtered and matured for 1-2 weeks after which it is used (Roger et 

al. 2014). The viscous liquid settled at the bottom of vessel during the fermentation is 

collected and the upper aqueous layer is decanted to obtain a thick paste (Roger et al. 

2014). The paste is then pressed in a muslin cloth to remove remaining liquid and a 

muddy coloured powder is obtained which is sun dried to form a dark coloured kuri 

starter powder (Roger et al. 2014). 

 

Maize based amylolytic starter 

Phab/Pho 

Phab is a dark brown colored starter prepared by the ethnic Drukpa community of 

Bhutan (Anupma et al. 2018) and also of Ladakh in India (Angmo et al. 2016). Phab is 

used to prepare the fermented alcoholic beverage ara (Anupma et al. 2018). During the 

preparation of phab, maize is powdered and mixed with rice husk and flowers of 

bhagam plant at a ratio of 2:4:3 respectively (Angmo et al. 2016; Anupma et al. 2018). 

Water is added to the mixture to form a thick paste which is cooked for few minutes. 

Small balls of phab are prepared on which powdered old phab is sprinkled. The freshly 

prepared phab is then placed in a bamboo basket and fermented for 3 days after which 

it is sun dried for 5 days and used (Angmo et al. 2016; Anupma et al. 2018). 

 

Millet based traditional dry starters  

Manapu 

Manapu is traditionally prepared dry starters found in Nepal and are used to prepare 

the alcoholic drink poko by the ethnic Nepali community (Shrestha et al. 2002). 

Manapu is prepared using millets as the substrate however it can also be prepared 
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using rice flour (Tamang 2010b). During the preparation of manapu the millets are 

first milled to get fine flour. Flowers of the plant manawasha, black pepper and about 

20% of old powdered manapu is then added to the millet flour and the mixture is 

kneaded into a fine dough using water (Tamang 2010b). Small cakes are then made 

from this dough which is kept on a straw mat and covered with straw and fermented 

for 5-7 days in 30°C-33°C temperature (Tamang 201b). After the fermentation period 

the freshly prepared manapu cakes are sun dried and ready to be used.  

 

Microbial diversity of traditionally prepared dry starters 

The microbial profile of these traditionally prepared dry starters is highly diverse. The 

microflora of the starter cultures is represented by different genera and species of 

bacteria (Heseltine and Ray 1988; Tamang et al. 2007; Sha et al. 2017), yeasts 

(Heseltine and Kurtzman 1990; Jeyaram et al. 2008, 2011; Sha et al. 2016, 2017, 2018, 

2019) and filamentous moulds (Tamang et al. 1988; Heseltine et al. 1988; Sha et al. 

2019), for saccharification (Lee and Lee 2002; Thapa and Tamang 2004), liquefaction 

(Pervez et al. 2014) and ethanol production (Tsuyoshi et al. 2005; Zheng et al. 2011) 

and plays an important role in the fermentation of the final product (alcoholic 

beverages). Studies on microbial community of medomdea revealed the dominance of 

lactic acid bacteria such as Weisella, Lactobacillus, Pediococcus, Streptococcus and 

Lactococcus (Ly et al. 2018); moulds such as Mucor sp. and Rhizopus oryzae and 

yeasts Candida tropicalis and Saccharomyces cerevisiae (Chay et al. 2017; Chim et al. 

2015). Shrestha and Rati (2002) have reported the presence of mould species: 

Saccharomyces cerevisiae, Candida versatilis and Rhizopus spp. and lactic acid 

bacteria: Pediococcus pentosaceus in manapu. Mold was reported to be the dominant 

microflora of mana by Shrestha et al. (2002). Moulds such as Aspergillus oryzae and 



28 
 

Rhizopus spp. was reported to be present in mana by Nikkuni et al. (1996). Coliforms 

such as E.coli and Staphylococcus spp have also been reported in mana (Shrestha et al. 

2002). Studies based on 16S rRNA, 26S rDNA and ITS region of daqu for Fen liquor 

have reported Bacillus licheniformis and Bacillus subtilis as the dominant bacterial 

species along with Brevibacterium sp., lactic acid bacterial species;  Enterococcus 

faecalis, Lactobacillus  plantarum and Pediococcus pentosaceus; fungal strains of 

Absidia corymbifera, Aspergillus flavus, Mucor circinelloides, Penicillium commune, 

Rhizomucor pusillus, Rhizomucor variabilis var. regularior, Rhizopus stolonifera and 

yeast strains of Pichia kudriavzevii, Saccharomyces cerevisiae, Saccharomycopsis 

fibuligera, and Wickerhamomyces anomalus (Zheng et al. 2012). 

Bacillus spp., Lactobacillus spp. and Weissella spp. were reported to be the dominant 

bacterial species and W. anomalus, S. fibuligera, P. kudriavzevii and Debaryomyces 

hansenii were the four species of fungi reported by PCR-DGGE analysis of fen-daqu 

(Zheng et al. 2012). A study based on 16SrRNA sequencing revealed bacterial species 

Bacillus amyloliquefaciens and Bacillus subtilis along with various species of lactic 

acid bacteria such as Enterococcus faecium, Lactobacillus plantarum, Leuconostoc 

mesenteroides, Pediococcus acidilactici, P. pentosaceus, Weissella 

paramesenteroides, and W. cibaria; fungi species including Aspergillus flavus, A. 

fumigatus, A. niger, A. versicolor, Eurotium amstelodami, E. rubrum, Lichtheimia 

corymbifera, L. ramose, Mucor circinelloides, M. indicus, Penicillium chermesinum, 

P. chrysogenum, P. sumatrense, Rhizomucor pusillus, R. tauricus, R. variabilis, and 

Rhizopus oryzae and yeast including Pichia jadinii and Saccharomyces cerevisiae in 

nuruk samples (Song et al. 2013). A pyrosequencing result on fungal diversity of 

nuruk showed the dominance of phylum Ascomycota and Zygomycota and dominance 

of Aspergillus, Mucorales, and Rhizomucor at the genus level in nuruk (Bal et al. 
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2016). Microorganisms reported from loogpang are moulds: Amylomyces, Rhizopus, 

Aspergillus, Mucor, and Absidia (Pichyangkura and Kulprecha 1977) and yeasts: 

Saccharomycopsis fibuligera, Hansenula, Saccharomyces and LAB: Pediococcus 

(Dhamcharee 1982; Uchimura et al. 1991). Tsuyoshi et al. (2005) have reported 

Saccharomyces bayanus, Candida glabrata, Pichia anomala and Saccharomycopsis 

fibuligera, Saccharomycopsis   capsularis, and Pichia burtonii in marcha of Sikkim. 

Lactic acid bacteria Lactobacillus plantarum and Pediococcus pentosaceus were 

reported in marcha (Tamang et al. 2007). Sha et al. (2016) by PCR-DGGE analysis 

have reported the dominance of Wickerhamomyces anomalus and Pichia 

anomalus in marcha. Many studies have been conducted to study the microbial 

community structure in ragi, Enterococcus faecalis, Lactobacillus plantarum, 

Pediococcus pentosaceus were reported (Ishimaru and Nakano 1960). Ardhana and 

Fleet (1989) have reported Bacillus coagulans, B. brevis, B. stearothermophilus and 

Acetobacter sp. in ragi. Yeast species: Pichia anomala, Saccharomyces cerevisiae, 

Candida parapsilosis, C. melinii, C. lactose, Hansenula subpelliculosa, H.anomala, H. 

malanga were reported by Dwidjoseputro and Wolf (1970) in ragi. Culture dependent 

study on banh men have revealed the occurrence of molds such as Amylomyces rouxii 

and Rhizopus oligosporous and Rhizopus oryzae and yeast such as Saccharomyces 

cerevisiae, Saccharomycopsis fibuliger, Pichia anomala, Candida glabrata and 

Hyphopichia burtonii (Dung et al. 2006; Dung et al. 2007). Microbial diversity study 

of banh men based on PCR-mediated DDGE analysis revealed the occurrence of 

fungal species: Rhizopus oryzae,  R. microsporus, Absidia corymbifera 

and Amylomyces sp.; yeast species: Saccharomyces cerevisiae, Issatchenkia sp., 

Pediococcus anomala, Candida tropicalis, Pichia ranongensis and Clavispora 

lusitaniae and bacterial species: Bacillus subtilis, B. circulans, B. amyloliquefaciens, 
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B. sporothermodurans, Acetobacter orientalis , A. pasteurianus (acetic acid bacteria), 

Pediococcus pentosaceus, Lactobacillus plantarum, L. brevis, Weisella confusa, W. 

paramesenteroides (lactic acid bacteria), Burkholderia ubonensis and Ralstonia 

solanacearum and Pelomonas puraquae (environmental contaminants) (Thanh and 

Tuan 2008). Aspergillus and Candida species and species of bacteria Weissella and 

Staphylococcus were reported to be the dominant fungal and bacterial species 

respectively in Chinese koji (Yan et al. 2013). 

Culture dependent and culture independent techniques based on molecular 

fingerprinting is a reliable, appropriate and authentic tool for microbial identification 

present in the traditionally prepared dry starters (Dolci et al. 2015). Culture-dependent 

methods include conventional phenotypic identification of microbes which may not be 

authentic and appropriate and genotypic identification based on 16S rRNA gene 

sequencing using PCR products which is more reliable and accurate (Clarridge III 

2004; Srinivasan et al. 2015). The culture dependent techniques have limitations as it 

cannot detect the non culturable microbes in the samples and thus is not efficient to 

study the entire microbial community as compared to culture-independent techniques 

in which the entire microbial community profile can be obtained from small amount 

(<1 g) samples (Puerari et al. 2015). Culture-independent techniques such as PCR-

denaturing gradient gel electrophoresis (DGGE) analysis, pyrosequencing and next 

generation sequencing (high-throughput metagenomic amplicon sequencing) serve as 

an accurate and highly sensitive tools to study the microbial ecology of fermented 

foods and dry starter cultures (Ercolini 2004; Tamang et al. 2016a; Alegría et al. 2012; 

Chen et al. 2014; Puerari et al. 2015; Shangpliang et al. 2018; Tamang et al. 2020).  
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Probiotics 

Probiotics, as per the definition of FAO/WHO, are live microorganisms which when 

administered in adequate amounts confer a health benefit on the host (Hill et al. 2014). 

Probiotics are considered as one of the functional properties of fermented foods 

(Tamang 2015), and some lactic acid bacteria (LAB) are used as health-promoting 

bacteria to consumers (Hwanhlem et al. 2010; Monteagudo-Mera et al. 2012). To 

claim as probiotic candidates, organisms should demonstrate the following properties 

to be considered as functional food components such as low acid- and bile-stability, 

resistance to digestive enzymes, adhesion to intestine surface, antagonistic activity, 

anti-carcinogenic and anti-mutagenic activity, cholesterol-lowering effects, stimulation 

of the immune system without inflammatory effects, enhancement of bowel motility, 

maintenance of mucosal integrity, improvement of bioavailability of food compounds 

and production of vitamins and enzymes (Ouwehand et al. 1999; Shi et al. 2016; 

Campana et al. 2017; Ghosh et al. 2019). Bacterial strains belonging to Lactobacillus 

and Bifidobacterium are mostly claimed as probiotics (Prasad et al. 1998; Vlasova et 

al. 2016). However, some species belonging to the genera Lactococcus, Enterococcus, 

Pediococcus, Leuconostoc, Bacillus and yeast Saccharomyces are also considered as 

probiotic microorganisms (Sanders and in’t Veld 1999; Fijan 2014; Elshaghabee et al. 

2017; Sofyan et al. 2019; Goel et al. 2020). Non-LAB Propionibacterium 

freudenreichii has been claimed as probiotic with functionality (Holzapfel etal. 2001, 

1998; Huang et al. 2019). Probiotics cultures are mostly Lactobacillus acidophilus, Lb. 

amylovorus, Lb. casei, Lb. crispatus, Lb. delbrueckii subsp. bulgaricus, Lb. 

gallinarum, Lb. gasseri, Lb. johnsonii, Lb. paracasei, Lb. plantarum, Lb. reuteri, Lb. 

rhamnosus, Enterococcus faecalis, E. faecium, Lactococcus. lactis, Leuconostoc 

mesenteroides, Pediococcus acidilactici, Sporolactobacillus inulinus, Streptococcus 
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thermophilus and non-LAB- Bacillus cereus var. toyoi, Escherichia coli strain nissle, 

Propionibacterium freudenreichii; and yeasts- Saccharomyces cerevisiae, Sacch. 

boulardii (Holzapfel et al. 2001; Shah 2007; Vlasova et al. 2016; Elshaghabee et al. 

2017; Garcia-Gonzalez et al. 2018; Huang et al. 2019; Sofyan et al. 2019; Goel et al. 

2020). Fermented foods are especially considered as ideal vehicle for delivering 

probiotic bacteria to the human gastrointestinal tract (Shah 2007; Rezac et al. 2018). 

Incorporation of probiotic cultures in fermented foods are mostly practised (a) by 

addition of probiotics together with the starter cultures; (b) production of two batches 

separately, one containing the probiotic microorganism in milk with high 

concentration of viable cells and another with starter cultures, when the fermentation 

stages are completed the batches are then mixed; and (c) the use of a probiotic 

microorganism as a starter culture (Soccol et. al. 2010; Moslemy et al. 2015; Fenster et 

al. 2019). Probiotic attributes have been reported in few alcoholic beverages (Kumari 

et al. 2016; Giri et al. 2018; Paula et al. 2019; Somashekaraiah et al. 2019). 

The bacterial species present in dry starters mostly impart flavour, cause acidification 

of fermenting substrates, to make a mild acidic and sour taste in the final alcoholic 

products which are preferred by consumers (Tamang and Thapa 2006; Tamang et al. 

2007, 2016b; Huang et al. 2017). Earlier reports have shown that species of Weissella, 

Lactobacillus, Lactococcus, Leuconostoc, Pediococcus and Enterococcus are known 

for flavour development, production of organic acids and antimicrobial activities in 

daqu (Gou et al. 2015). Lactic acid bacteria such as Enterococcus sp. has been 

reported to produce enterocins which play a major role in preventing the growth of 

food borne and spoilage causing pathogens (Javed et al. 2011). Some of the bacterial 

species such as Bacillus sp. reported in daqu of China (Wang et al. 2008; Zheng et al. 

2012) and banh men of Vietnam (Thanh and Tuan 2008) are important sources of 
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amylase and protease enzymes and are involved in saccharification and flavour 

production (Beaumont 2002). Staphylococcus spp. has also been reported in Chinese 

daqu (Yang et al. 2017), which secrete amylase (Li et al. 2014), protease and also 

produce lipases for production of esters for flavour (Talon et al. 1996). Lactic acid 

bacteria produce flavour compounds, desirable acids and peptides with antimicrobial 

activity (Faria-Oliveira et al. 2015) and have probiotic and nutraceutical properties 

(Grosu-Tudor and Zamfir 2012). Lactic acid bacteria such as Enterococcus sp. has 

been reported to produce enterocins which play a major role in preventing the growth 

of food borne and spoilage causing pathogens (Javed et al. 2011). Many species of 

LAB isolated from fermented drinks have been reported to have an efficient 

cholesterol lowering ability (Taranto et al. 2004; Khare and Gaur 2020). Lactobacillus 

pentosus strain IR32 isolated from palm wine (Raffia mambillensis) has been reported 

to exhibit a good in-vitro cholesterol removing ability of 76.43 % (Ngongang et al. 

2016). Lactobacillus plantarum strain HLX37 also showed a significant decrease in 

total serum and liver cholesterol content and the atherogenic index of hyperlipidemia 

rats (Guan et al. 2017). Hong Qu, the dry starter for the famous Chinese yellow rice 

wine have been reported to possess antioxidant properties and cause significant 

reduction in total cholesterol, LDL cholesterol and total triacylglycerol concentrations 

(Heber et al. 1999; Taira et al. 2002; Erdogrul and Azirak 2004; Que et al. 2006; Yang 

et al. 2006). Lactic acid bacteria have also been reported to possess natural 

antioxidative properties such as the radical scavenging activity of Lactobacillus 

plantarum (Li et al. 2012). Many studies have reported the ability of lactic acid 

bacteria and bifidobacteria to synthesize B vitamins (LeBlanc et al. 2017; Albuquerque 

et al. 2020) such as folate (B9) (Albuquerque et al. 2016), riboflavin (B2) (Yepez et al. 

2019) and cobalamin (B12) (Piwowarek et al. 2018).  
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Probiotic marker gene detection approach has enabled the rapid screening of strains 

with potent probiotic characteristics and thus possibility of finding a novel probiotic 

strain is possible (Devi et al. 2015; Abriouel et al. 2017). This method of rapid 

probiotic gene detection is faster, sensitive, cost effective and reliable (Kapse et al. 

2019). Goel et al. (2020) have reported that the detection of the targeted probiotic gene 

in the tested lactic acid bacterial strains correlated with the in vitro probiotic attributes 

that the strains exhibited. Thus, probiotic gene detection technique can be used as an 

efficient tool for the identification of potent and a novel probiotic strain (Turpin et al. 

2011). 
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MATERIALS AND METHODS 
 
MEDIA USED 

1. MRS Agar                                                           (M641, HiMedia, Mumbai) 

2. MRS Broth                    (M369, HiMedia, Mumbai) 

3. Nutrient agar               (MM012, HiMedia, Mumbai) 

4. Nutrient Broth                                                    (MM002, HiMedia, Mumbai) 

5. M 17 agar                                                           (M929, HiMedia, Mumbai) 

6. Violet Red Bile Green Agar                              (M1058, HiMedia, Mumbai) 

7. Starch Agar                                                        (M107, HiMedia, Mumbai) 

8. Carbohydrate fermentation media                     (Schillinger and Lucke 1987) 

a. Peptone                               10 g 

b. Yeast extract                                5g 

c. Potassium phosphate                                2g 

d. Tri-sodium phosphate                                2g 

e. Carbohydrate                               0.5% 

f. Tween 80                                1mL 

g. Sodium acetate                                5g 

h. Magnesium sulphate                               0.58g 

i. Manganese sulphate                               0.28g 

j. Phenol red                              0.004% 

k. Distilled water                                1000ml 

9. Esculine hydrolysis media                                    (Cappuccino and Sherman 2008) 

Protease peptone                                                                                  5g 

Beef extract                                                                                         3g 

Ox gall                                                                                                40g 



37 
 

Esculine                                                                                 1g 

Ferric citrate                                                                         0.5g 

Agar                                                                                      15g 

Distilled water                                                                    1000 ml 

10. Simmon citrate agar                                            (Cappuccino and Sherman 2008) 

Ammonium dihydrogen phosphate                                      1g 

Dipotassium phosphate                                                         1g 

Sodium chloride                                                                   5g 

Sodium citrate                                                                      2g 

Magnesium sulfate                                                               0.2g 

Agar                                                                                     15g 

Bromocresol blue                                                                 0.08g 

Distilled water               1000 ml 

11. SIM Agar                                                                  (M411, HiMedia, Mumbai) 

12. MR-VP Broth                                                           (LQ082, HiMedia, Mumbai) 

13. Urease broth                                                              (M1828, HiMedia, Mumbai) 

14. Blood agar                                                                (Cappuccino and Sherman 2008) 

Beef heart infusion                                                                0.3g 

Tryptose                                                                               0.5g 

Sodium chloride                                                                    0.5g 

Agar                                                                                     1.5g 

Defibrinated Sheep blood                                                      5% 

Distilled water                                                                    1000 ml 

pH (7.3±0.2) 

15. Nitrate Broth                                                              (RM 107,HiMedia, Mumbai) 
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CHEMICALS USED 

1. Dipotassium hydrogen phosphate    (GRM1045, HiMedia, Mumbai) 

2. Glycerol                                           (RM101,HiMedia, Mumbai) 

3. Ethidium bromide                            (RM813,HiMedia, Mumbai) 

4. Sorbitol                                            (MB066, HiMedia, Mumbai) 

5. Rhamnose                                        (RM062,HiMedia, Mumbai) 

6. Raffinose                                         (RM107,HiMedia, Mumbai) 

7. Sucrose                                            (RM201,HiMedia, Mumbai) 

8. Mellibiose                                       (RM106,HiMedia, Mumbai) 

9. Arabinose                                        (RM045,HiMedia, Mumbai) 

10. Xylose                                             (RM111,HiMedia, Mumbai) 

11. Cellobiose                                       (RM098,HiMedia, Mumbai) 

12. Lactose                                            (RM565,HiMedia, Mumbai) 

13. Ribose                                             (GRM197, HiMedia, Mumbai) 

14. Mannose                                         (DD007, HiMedia, Mumbai) 

15. Mellizitose                                     (RM1285, HiMedia, Mumbai) 

16. Salicin                                             (DD011, HiMedia, Mumbai) 

17. Fructose                                          (DD017, HiMedia, Mumbai) 

18. Maltose                                           (RM018,HiMedia, Mumbai) 

19. Mannitol                                         (PT0604,HiMedia, Mumbai) 

20. Dulcitol                                          (RM100, HiMedia, Mumbai) 

21. Inositol                                           (RM102,HiMedia, Mumbai) 

22. 1X TE buffer                                  (ML016, HiMedia, Mumbai) 

23. Lysozyme                                       (MB098, HiMedia, Mumbai) 

24. RNase                                             (A7973, Promega, US) 
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25. Sodium Dodecyl Sulfate (SDS)  (MB010, Himedia,  Mumbai) 

26. Proteinase K                               (V3021,Promega, US) 

27. Phenol                                         (MB082, HiMedia, Mumbai) 

28. Chloroform                                 (AS039,HiMedia, Mumbai) 

29. Isoamyl alcohol                          (MB091,HiMedia, Mumbai) 

30. Sodium acetate                           (MB048, HiMedia, Mumbai) 

31. Absolute ethanol                        (MB106,HiMedia, Mumbai) 

32. 50X TAE buffer                         (ML016, HiMedia, Mumbai) 

33. Go green master mix                  (M7122, Promega, US) 

34. DNA extraction kit                     (M050, ProMega, USA) 

35. Agarose                                       (V3125, Promega, US) 

36. Primer (27F and 1492 R)             (ILS,Delhi) 

37. Gel loading dye                          (G1881, Promega, US) 

38. 100bp DNA ladder                     (MBT049, HiMedia, Mumbai) 

39. 1kb DNA ladder                         (MBT051, HiMedia, Mumbai) 

40. PEG                                           (RM400, HiMedia, Mumbai) 

41. Sodium chloride                         (GRM031, HiMedia, Mumbai) 

42. Nuclease free water                     (P1193, Promega, USA) 

43. Ethidium bromide                        (RM813, Himedia,  Mumbai) 

44. MOPS                                        (ML031, Himedia, Mumbai) 

45. Sodium Phytate                           (GRM6226, Himedia,  Mumbai) 

46. Para-orthopthalaldehyde              (RM1143, Himedia,  Mumbai) 

47. Cholesterol                                  (TC101, Himedia,  Mumbai) 

48. Hexane                                        (AS097, Himedia, Mumbai) 

49. N-hexadecane                              (RM 2238 HiMedia, Mumbai) 
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50. X-Gal                                          (MB069, Himedia,  Mumbai) 

51. IPTG                                           (G147, Himedia,  Mumbai) 

52. Sodium deoxytaurocholate         (RM9822, Himedia,  Mumbai) 

53. Sodium Cholate                          (RM202, Himedia,  Mumbai) 

54. Calcium chloride                        (GRM710, Himedia,  Mumbai) 

55. Calcium carbonate                      (GRM397, Himedia,  Mumbai) 

56. Urea                                            (208884,Sigma-Aldrich, US) 

57. Ringer solution                           (M525, HiMedia, Mumbai) 

58. Sodium Hydroxide Solution       (MF8D, Merck Millipore, US)                      

 

REAGENTS USED 

1. Solution A (nitrate reduction test)                          (Cappuccino and Sherman 2008) 

Sulphanilic acid                                                           0.8g 

5N Acetic acid                                                            100ml 

2. Solution B (nitrate reduction test)                           (Cappuccino and Sherman 2008) 

α-Napthylamine                                                         100ml 

5N Acetic acid                                                           100ml 

3. Safranin                                                                 (RM1315, HiMedia, Mumbai) 

4. Malachite green                                                    (S020, HiMedia, Mumbai) 

5. Iodine solution                                                      (M425, HiMedia, Mumbai) 

6. Gram’s crystal violet                                             (S012, HiMedia, Mumbai)   

7. Gram’s iodine                                                        (S019, HiMedia, Mumbai)   

8. Solution A (Voges-Proskauer reagent)                 (Cappuccino and Sherman 2008)                         

Alpha-naphthol                                                        5g 

Absolute ethanol                                                    100mL 
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Solution B   (Voges-Proskauer reagent)           (Cappuccino and Sherman 2008)                         

Potassium hydroxide                                               4g 

Distilled water                                                         100mL 

9. Methyl red solution                                         (Cappuccino and Sherman 2008) 

Methyl red (I007, HiMedia,  Mumbai)                     0.1g 

Ethyl alcohol (95%)                                                300mL 

10. Kovacs reagent                                                  (R008, HiMedia, Mumbai)   

11. Hydrogen peroxide                                            (88597, Merck, New Jersey) 
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REFERENCE STRAINS ACCESSION NO. 

Accession no. 

 

Lactobacillus plantarum MTCC 1407(T) 

 Lactococcus lactis subsp. lactis MTCC 440 

 Leuconostoc mesenteroides subsp. mesenteroides MTCC 867 

Lactobacillus plantarum MCC 2034 

 Lactobacillus plantarum subsp. plantarum MTCC 2974 

 Lactobacillus fermentum MTCC 2760 

 Lactobacillus brevis MTCC 2198(T) 

 Enterococcus faecium MTCC 2763 

  
MTCC: Microbial Type Culture Collection, Chandigarh; MCC: Microbial Culture 
Collection, Pune, India. 
 
 
 
  

SOFTWARE USED 

Sequence Scanner (Applied Biosystems-V1.0, USA) 

ChromasPro (Technelysium-V1.34, Australia) 

MEGA 7 (Pennsylvania State University Vl.7.0.26, USA) 

PAST (Palaeontological Association-V4.0, Norway) 

QIIME 1.8v (University of Colorado- V2-2019.10, USA) 

GRAPHPAD PRISM (GraphPad software, Inc-V8.0.2, USA) 

 Sequence Scanner (Applied Biosystems-V1.0, USA) 

 SEQMANN software (DNASTAR, 4462914, USA) 
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METHODOLOGY 

Survey 

The traditional preparation process of dry starter cultures found in various regions of 

the Eastern Himalayas was documented using structured questionnaire (Table A) and 

interviews with the local people of different ethnic communities who practiced the 

preparation of these starter cultures. We surveyed and collected samples from Nepal 

(Dhankutta, Dharan, Hattikharka, and Hiley districts), Bhutan (Dhonakha, Thimpu and 

Gedumari) and India (Basilakha, Recabe, Pakyong and Gangtok of Sikkim, Darjeeling 

and Kalimpong districts of West Bengal, Lower Subansiri, Upper Subansisri and Ziro 

valley of Arunachal Pradesh). Various parameters were taken into consideration while 

documenting, which included the substrate used for the preparation, use of herbs, final 

products (fermented beverage) prepared from different starter cultures, incubation 

period during the production, shelf life and socioeconomic importance and impact. 

 

Collection of samples 

A total of 35 dry starter cultures were collected from various regions of the Eastern 

Himalayas including Nepal, Bhutan and Sikkim, West Bengal and Arunachal Pradesh 

of India. Fresh samples of marcha (Nepal, Sikkim, West Bengal and Bhutan), paa, 

pee, phut (Arunachal Pradesh) and phab (Bhutan) were collected in sterile sample bags 

which were then transported to the laboratory and stored in a desiccator at room 

temperature (traditionally sun-dried starters can be stored in dry place for more than a 

year) (Tamang et al. 1996).  
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Table A: Questionnaire for documentation of traditional knowledge of 

preparation of dry starters in the Eastern Himalayas 

I. General information      Date: 

1. Name of the Informant:       

  

2. Ethnic group:          

3. Name of: 
a. Village /Revenue: 
b. Sub-division: 
c. District: 

4. Approximate number of house hold: 
a. House hold in village: 
b. Population of village: 

5. Distance of the village from  
a. Nearest market (km): 
b. Nearest town (km): 

II. Information on products: 

6. Name: 

7. Local name: 

8. Type and source of milk used: 

9. Flow sheet of traditional methods of preparation:  

10. Taste, texture, colour and nature: 

11. Culinary/Mode of consumption: 

12. Time of storage: 

13. Any socio-ethnical importance of this product? 

14. Are you economically dependent on this product? Yes/No 

15. What is the approximate amount of monthly/annual production of this product?  

16. What is the approximate income from the sale of this product? (monthly) 

 
Remarks: 
 
Name and signature of investigator: 
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Proximate analysis of the samples 

For the proximate analysis moisture content and pH of the samples were measured. 

The estimation of moisture content was done using moisture analyzer (OHAUS/MB-

45, USA). For the measurement of pH, 1 gram of each of the samples were first 

homogenized in 10 ml of distilled water and the pH readings of this homogenized 

mixture were taken using digital pH-meter (Orion 910003, Thermo Fisher Scientific, 

USA). 

 

CULTURE DEPENDENT ANALYSIS 

Microbial analysis 

Isolation of bacteria from amylolytic starter cultures was done using pour plate 

technique. First the samples were homogenized in stomacher lab blender 40 (Seward, 

United Kingdom) for 2 min. 10 gram of sample were diluted in 90ml of sterile 

physiological saline (0.85% w/v) NaCl. The homogenate was then serially diluted. One 

ml of the appropriate suspension was used in pour plating in MRS Agar and M17 Agar 

used for isolation of lactic acid bacteria, VRBG agar used for isolation of Gram-

negative bacteria and Nutrient Agar used for isolation of aerobic mesophilic bacteria. 

The MRS and M17 agar plates were then incubated at 30°C and VRBGA and Nutrient 

agar plates at 37°C for 24-48 h (Tamang and Sarkar 1995). Purity of the isolates were 

maintained by re-streaking in fresh agar plates and further confirmed through 

microscopic examinations. The isolates were then preserved in 50% glycerol at -20°C 

for further analysis. 
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Analysis of Microbial load in the dry starter samples 

Determination of microbial load of the amylolytic starter samples was done using plate 

count technique in which 1mL of the homogenized suspension of the samples were 

serially diluted and pour plating was done with appropriate dilution in specific medias 

such as VRBGA, MRS agar, M17 agar and nutrient agar (Puerari et al. 2015). The 

colonies that appeared after 24 h of incubation period were counted as colony forming 

units per gram (CFU/g) and were taken as the measure of number of cells present in 

particular dilution. Thus, the number of colonies per gram of the sample was 

enumerated. 

 

Gram’s staining  

The bacterial isolates were first morphologically characterized using Gram’s staining 

technique which broadly classifies bacteria into Gram positive and Gram negative 

groups (Holt et al. 1994). Smear of 24 h old bacterial suspension was made on a clean 

grease free slide. The slide was air dried, heat fixed and flooded with crystal violet for 

1 min. The slide was then washed with water and flooded with Gram’s iodine for 1 

min. The slide was again washed with water and then with 95% ethanol. The slide was 

then counterstained with safranin for 45 sec. The slide was again washed with water, 

air dried and observed under oil immersion objective of compound microscope 

(Cappuccino and Sherman 2008). 

 

Potassium hydroxide (KOH) test 

KOH test was done to determine the Gram reaction of the bacterial isolates. The 3% 

aqueous KOH was prepared and a drop of it was placed on a clean grease free slide. A 

loop full of bacterial test colony was transferred to the slide and was mixed with the 
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drop of 3% KOH for about 30 sec. Formation of viscoid solution and a mucoid sting 

when the loop was pulled determined that the isolates were Gram negative. Absence of 

viscoid solution and a mucoid sting determined that the test isolate were Gram positive 

(Mulaw et al. 2019). 

 

Catalase test 

The catalase test was done as recommended in Bergey’s manual of determinative 

bacteriology to broadly group the bacterial isolates into catalase positive and negative 

strains (Holt et al. 1994). The 0.3% hydrogen peroxide was used for this test and 

formation of bubbles on exposure of bacterial colonies to 0.3% H2O2 was considered 

as a positive result. 

 

Sporulation test 

Endospore staining was performed in order to differentiate the bacterial isolates into 

sporulating and non sporulating groups (Holt et al. 1994). Schaeffer-Fulton method of 

endospore staining was used for this test. In this method malachite green dye was used 

to stain the endospores (which appeared green due to the stain) and safranin was used 

as a counter stain for the vegetative cells (which was stained pink due to safranin). 

 

Carbohydrate fermentation tests  

The ability of the bacterial isolates to utilize different sugars was tested using 

carbohydrate fermentation broth medium. Fresh bacterial culture was inoculated in 

carbohydrate fermentation broth medium containing 1% (w/v) of specific carbohydrate 

and was incubated at 37°C for 24 h. The fermentation broth was supplemented with 

0.25% phenol red indicator which turned yellow in case of a drop in pH indicating a 
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positive result and turned red if the isolate was unable to utilize the carbohydrate and 

thus indicating a negative result. A total of 13 carbohydrates (cellobiose, raffinose, 

sorbitol, arabinose, mellibiose, xylose, lactose, ribose, melizitose, glucose, sucrose, 

mannitol and rhamnose) were tested for the preliminary identification of the bacterial 

isolates (Teuber 1993; Gonzalez et al. 2000; Hammes and Hertel 2003). 

 

Indole test 

Indole test was performed for Gram negative group of bacterial isolates. This test was 

done to screen the ability of bacteria to synthesize tryptophanase enzyme which 

degrades the tryptophan in the media and produces indole. SIM agar was used for this 

test and Kovac’s reagent was used as an indicator which formed a cherry red band 

upon binding with indole. The isolates were stabbed in SIM agar and incubated at 

37°C for 24 h after which Kovac’s reagent was added to check the indole production in 

the media (Cappuccino and Sherman 2008). 

 

Methyl red test 

This test was also performed only for Gram negative bacterial isolates. This test was 

done in order to check the ability of bacterial isolates to performed mixed acid 

fermentation. The bacterial isolates were inoculated in MR-VP broth which consists of 

glucose, peptone and phosphate buffer. The inoculated broth was then incubated at 

37°C for 24 h after which methyl red indicator was added and the results were noted. 

Methyl red indicator gives red color at a pH below 4.4 (which happens when mixed 

acid fermentation has taken place) and was considered a positive result. At a pH above 

6 the methyl red indicator turns yellow (no mixed acid fermentation has occurred) and 

was considered as a negative result (Cappuccino and Sherman 2008).  
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Voges- Proskauer (VP) test 

VP test was done for Gram negative group of isolates. This test was done to evaluate 

the ability of isolates to degrade glucose and produce acetoin. The MR-VP broth was 

inoculated with bacterial isolates and incubated at 37°C for 24 h. After the incubation 

period alpha-naphthol and potassium hydroxide was added to the broth. Alpha-

naphthol and potassium hydroxide react with acetoin giving a cherry red colour which 

was considered a positive result. If acetoin was not produced in the medium a yellow-

brown color was formed on addition of these chemical which was considered a 

negative result (Cappuccino and Sherman 2008). 

 

Citrate utilization test 

This test was done to screen the ability of bacterial isolates to utilize citrate as the sole 

carbon source. Simmon’s citrate agar containing sodium citrate as the only carbon 

source and bromothymol blue as the indicator was used for this test. Simmon citrate 

agar slants were prepared and streaked with the bacterial isolates. The slants were then 

incubated at 37°C for 24 h after which the results were noted. If the isolate was able to 

utilize citrate as the carbon source, sodium carbonate was formed which increased the 

pH of the media changing the color of bromothymol blue from green to blue indicating 

a positive culture. No change in the color of the media was considered a negative result 

(Cappuccino and Sherman 2008). 

 

Nitrate reduction test 

This test was done for the presumptive identification of Gram negative group of 

bacterial isolates as many Gram negative bacteria use nitrate as the final electron 

acceptor during anaerobic metabolism. This test screens the ability of isolates to 
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produce the enzyme nitrate reductase and hence reduce nitrate to nitrite and 

nitrogenous gases. Nitrate broth was inoculated with the test isolates and incubated at 

37°C for 24 h. After the incubation period 6 drops of nitrate reagent A followed by 6 

drops of nitrate reagent B was added to the broth. Appearance of red color indicated 

that nitrate has been reduced by the isolates to nitrites hence a positive result. Zinc 

powder was then added to the broth tubes with no color change. Appearance of red 

color in the broth after the addition of zinc indicates a negative result as zinc catalyses 

the reduction of nitrate to nitrites. However no color change even after addition of zinc 

was taken as a positive result as it indicates that the nitrate in the broth was reduced by 

the isolates beyond nitrites (Cappuccino and Sherman 2008). 

 

Urease test 

This test was done to screen the ability of bacterial isolates to produce urease enzyme. 

Urea broth containing 2% urea and phenol red indicator was inoculated with the test 

isolates and incubated 37°C for 24 h. Appearance of magenta pink color (due to 

increase in pH after the production of ammonia and carbon dioxide as the byproduct of 

urea hydrolysis) after the incubation period was taken as a positive result and no color 

change as the negative result (Cappuccino and Sherman 2008). 

 

Gas production from glucose 

This test was done for the determination of homofermentative and heterofermentative 

nature of Gram-positive isolates. MRS broth containing 1% glucose was prepared and 

inverted durham’s tubes were added to the broth. These MRS broth tubes were then 

inoculated with test isolates and incubated at 37°C for 48 h. Formation of gas bubbles 

inside the Durham’s tubes indicated that CO2 production has taken place and that the 
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isolate was heterofermentative. Absence of gas bubbles in the Durham’s tube indicates 

that the isolate was homofermentative (Mulaw et al. 2019). 

 

PHYSIOLOGICAL TESTS 

Growth at different pH 

The ability of test isolates to grow in different physiological pH was determined 

according to the method of Tamang et al. (2007). MRS broth with pH 3.6, 9.6 and 10.6 

were prepared and inoculated with test isolates. The inoculated broth was then 

incubated at 30°C for 24 h after which the growth of the isolates were checked and 

recorded. 

 

Growth at different NaCl concentrations. 

The ability of bacterial isolates to grow at different osmotic concentrations was 

screened following the method of Tamang et al. (2007). MRS broth containing 5% and 

10% NaCL were prepared and inoculated with the test isolates. After the incubation at 

30°C for 24 h the growth of the test isolates in different osmotic concentrations were 

checked and recorded. 

 

Growth at different temperature 

Freshly grown bacterial isolates were inoculated in MRS broth and incubated at 3 

different temperatures i.e. 10°C, 15°C and 45°C for 24 h to check the growth pattern of 

the isolates (Harrigan and McCance 1976; Schillinger and Lucke 1987; Tamang et al. 

2007). 
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Tentative Identification 

The bacterial isolates were tentatively identified up to genus level on the basis of 

phenotypic and biochemical tests following the taxonomical keys of Bergey’s manual 

of bacteriological classification (Holt et al. 1994). 

 

MOLECULAR IDENTIFICATION OF BACTERIAL ISOLATES 

Isolation of genomic DNA from the bacteria isolates 

Exaction of genomic DNA from the bacterial isolates was done using the standard 

Phenol/chloroform method with slight modifications (Cheng and Jiang 2006). Test 

cultures were grown overnight in MRS broth at 30°C and harvested by centrifugation 

at 8000 rpm for 10 min. The supernatant was removed and the pellets were washed 

twice with 1 X PBS (phosphate buffer saline, pH 7). The pellets were re-suspended in 

400µl 1X TE buffer (10 mM NaCl, 10 mM Tris/HCL,1 mM EDTA, pH 8), 15µl 

lysozyme and 15µl RNase enzyme and kept for incubation in water bath at 37°C for 3 

h. After the incubation 15µl of 20% SDS and 15µl of Proteinase K was added to the 

centrifuge tubes and kept for incubation at 55°C for 3 h. Equal volume of phenol and 

chloroform (49:48) was added and centrifuged at 10,000 rpm for 15 min at 4°C to 

separate the aqueous phase from organic phase. The upper aqueous phase was 

collected in a fresh 1.5 ml centrifuge tubes, to which equal volume of chloroform and 

Isoamyl alcohol (48:1) was added and centrifuged at 10,000 rpm for 15 min at 4°C. 

The upper aqueous phase was again collected in a fresh 1.5ml centrifuge tube and the 

above process was repeated until the white interface was no longer visible. 

Precipitation of DNA in this upper aqueous phase was done by adding 15µl of 3M 

sodium acetate and 400µl of cold absolute alcohol and incubating it at -20°C for at 

least an hour. The aqueous phase containing the precipitated DNA was then 
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centrifuged at 10,000 rpm for 30 min and the pellets were collected. The pellets were 

washed with 70% ethanol followed by centrifugation at 10,000 rpm for 30 min. The 

supernatant was discarded and the pellets were air dried, suspended in 30µl of 1 X TE 

buffer and stored in -20°C until further analysis. Electrophoresis in 0.8% agarose gel 

was done to check the quality of the extracted DNA and quantified using Nano-Drop 

ND-1000 spectrophotometer (Nano drop technologies, Willington, USA) (Kumbhare 

et al. 2015). 

 

PCR amplification of the 16S rRNA gene 

The PCR amplification of 16S rRNA gene from the isolated genomic DNA was done 

using a thermal cycler (Applied biosystems-2720, USA) (Lane 1991). Universal 

oligonucleotide primers p27F 5’-AGAGTTTGATC[A,C]TGGCTCAG- 3’ and 

p1492R 5’-GG[C,T] TACCTTGTTACGACTT- 3’ was used for the amplification 

(Park et al. 2010). Each reaction mixture contained 12.5µl GoTaq Green (M7122) 

master mix (reaction buffer (pH 8.5), 400µM dATP, 400µM dGTP, 400µM dCTP, 

400µM dTTP and 3mM MgCl2), each primer at a concentration of 1µl, 8.5µl nuclease 

free water and 2µl of template DNA, making a final volume of 25µl. The PCR 

conditions were as follows: (i) denaturation of DNA at 95°C for 10 min, (ii) 35 cycles 

of denaturation at 95°C for 30 sec (iii) annealing at 65°C for 30 sec (iv) extension at 

72°C for 1 min followed by final extension at 72°C for 10 min (Chagnaud et al. 2001). 

The PCR products were detected by electrophoresis using 1% agarose gel. The bands 

were stained with 7µl/100mL ethidium bromide (RM813, HiMedia, Mumbai) and 

visualized using UV source Gel-Doc 1000 (Bio-Rad, 97-0186-02, US). For the 

verification of amplicon size standard 100 base pair DNA ladder was used. 

 



54 
 

Purification of amplified PCR products 

Purification of genomic DNA was done using the standard method of PEG-NaCl (Poly 

ethylene glycol-sodium chloride) precipitation with slight modification (Schmitz and 

Riesner 2006). The 0.6 volume of PEG-NaCl (20% w/v of PEG, 2.5 M NaCl) was 

added to the final volume of PCR product and incubated at 37°C for 30 min. The 

mixture was then centrifuged at 12,000 rpm for 30 min at 4°C after which the tubes 

were decanted. 100 µl of 70% ethanol was added to the tubes and centrifuged at 

12,000 rpm for 30 min after which the tubes were decanted. The above step was 

repeated twice. The decanted tubes were allowed to air dry and 20 µl of nuclease free 

water was added to it. The final product was incubated for 30 min, mixed well and run 

in 1 % agarose gel to check the integrity of the purified PCR product. 

 

Sequencing of the 16S rRNA PCR products 

5µl volume of PCR products were set up for single primer amplification with the same 

universal primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-

TACGGTTACCTTGTTACGACTT-3') (Lane 1991) for separate reactions for each 

primer. The PCR reaction was set as follows: denaturation at 96°C for 10 sec, 

annealing at 50°C for 5 sec, elongation at 60°C for 2 min and a stop reaction at 4°C. 

Precipitation of the amplicons was then carried out with 1µl sodium acetate (3M, pH 

5.2) and 24µl of absolute alcohol. The precipitated amplicons were then mixed briefly 

in vortex and incubated at room temperature for 15 min, centrifuged at 12,000 rpm for 

20 min and washed with 70% ethanol. The amplicon were then air-dried and 

suspended in 10µl formamide. The amplicons were sequenced using Sanger 

Sequencing method or Chain-termination DNA sequencing method (Heather and 
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Chain 2016) which was carried out in an automated DNA Analyzer (ABI 3730XL 

Capillary Sequencers, Applied Biosystems, Foster City, CA, USA). 

 

Phylogenetic analysis 

The quality of the sequence was checked by Sequence Scanner v.1.0 (Applied 

Biosystems, Foster City, CA, USA). After screening the sequence quality, the 

sequences were assembled using Chromas Pro 1.5 (McCarty 1998). Orientation 

checker v.1.0 was used for checking the orientation of the assembled sequences. The 

bacterial isolates were assigned their identity number by comparing their DNA 

sequences of with those available in the GenBank NCBI (National Center for 

Biotechnology Information) database using BLAST (basic local alignment search tool) 

2.0 program (Altschul et al. 1990). Alignment of the sequences were then done by 

pairwise alignment using clustal W, and construction of phylogenetic tree was done 

using MEGA7.0 (Pennsylvania State University, Vl.7.0.26, USA) software by 

neighbour joining method (Gascuel and Steel 2006; Kumar et al. 2016). A 

comprehensive statistics package used in many fields of life sciences, economics, earth 

science, engineering and also by palaeontologists, PAST (PAleontological STatistics) 

(Palaeontological Association-V4.0, Norway) was used for calculating the diversity 

indices (Hammer et al. 2001). Chao 1 value for species richness was calculated using 

the method of Chao and Chiu (2016). 

 

CULTURE INDEPENDENT ANALYSIS 

Sample collection 

Fresh samples of marcha were collected from Gangtok, Sikkim in a sterile sealed 

container and stored in a desiccator at room temperature until further analysis. 



56 
 

Community DNA extraction 

The sample DNA was extracted using ProMega DNA kit (ProMega). One gram of dry 

starter sample was suspended in lysis solution. The solution was then incubated at 

65°C for 15 min. RNase solution was then added and incubated at 35°C for 15 min 

which lysed the RNA. Protein precipitation solution was then added and centrifuged at 

maximum speed to remove the residual proteins. Final precipitation of the DNA was 

done by adding isopropanol and the precipitated DNA was purified with two washes of 

70% ethanol. The quality of DNA was checked on 0.8% agarose gel and quantified 

using Nano-DropND-1000 spectrophotometer (Nano Drop technologies, Willington, 

USA) (Kumbhare et al. 2015). The purified DNA was then stored at -20°C for further 

processing.  

 

Amplicon sequencing of community DNA 

In this study we have targeted the V4 hyper-variable region (Bartram et al. 2011) to 

investigate bacterial diversity of marcha of Sikkim. The amplification of V4 hyper-

variable region was done using universal 16S rRNA gene primer F515 and 806R 

(Caporaso et al. 2010). The 16S rRNA library was prepared according to the protocol 

of Illumina (USA). The amplicon library was further processed using AMPure XT 

beads (Beckman Coulter Genomics, Danvers, MA, USA) which was further screened 

with the LabChipGX (Perkin Elmer, Waltham, MA, USA) and the Library 

Quantification Kit for Illumina (Kapa Biosciences, Woburn, MA, USA). Finally the 

16S rRNA gene library was sequenced on the Illumina MiSeq platform using 2x250bp 

chemistry. The sequences retrieved from high throughput sequence analysis were 

submitted to National Center for Biotechnology Information (NCBI) and is available 

under BioProject ID PRJNA376467. 
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Bioinformatics analysis 

FLASH tool (Fast Length Adjustment of Short reads) a Paired end assembler for DNA 

sequences (Masella et al. 2012) was used to assemble the raw sequences generated 

from MiSeq platform. The quality filtering of the assembled reads were done using 

Quantitative Insights into Microbial Ecology (QIIME) (University of Colorado, V2-

2019.10, USA) 1.8 (Caporaso et al. 2010). SILVA reference database was then used to 

assigned bacterial operational taxonomic units (OTUs) to the sequence reads by a 

closed reference-based OTU picking approach. The UCLUST method with similarity 

threshold of 97% (Edgar 2010) was used for picking OTUs. RDP naive Bayesian 

classifier was used to perform the taxonomic assignments (Wang et al. 2007). Alpha 

diversity indices like Chao, Shannon and Simpson were calculated in QIIME after the 

rarefaction of all samples to the same sequencing depth. 
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SCREENING OF PROBIOTIC ACTIVITY 

Hydrophobicity assay 

Cultures of the strains were harvested in the stationary phase by centrifugation at 

12000 g for five min at 5°C, washed twice in 50 mM K2HPO4 (pH 6.5) buffer and 

finally resuspended in the same buffer. The cell suspension was adjusted to an A560 

nm value of approximately 1.0 with the buffer and 3 ml of the bacterial suspensions 

were put in contact with 0.6 ml of n-hexadecane and vortexed for 120 sec. The two 

phases were allowed to separate for 0 h at 37°C. The aqueous phase is carefully 

removed and the absorbance at 560 nm was measured. The decrease in the absorbance 

of the aqueous phase was taken as a measure of the cell surface hydrophobicity (H%), 

which was calculated with the formula: 

H%=[(A0–A)/A0]100 

Where A0 and A are the absorbance before and after extraction with n-hexadecane, 

respectively (Vinderola and Reinheimer 2003). 

 

Acid tolerance test  

Freshly grown cultures were grown in MRS broth for 18-24 h for the test of tolerance 

of bacterial isolates in low pH. The cells were then harvested by centrifugation at 8000 

rpm for 15 min at 4°C. The cell pellets were then washed with PBS (pH 7.2) after 

which it was resuspended in PBS (pH 3) and incubated at 37°C. The viability of the 

bacteria was tested by plating the cultures in MRS agar after 3 h and was expressed as 

colony forming units per milliliter (CFU/ml) (Nithya and Halami 2013). The rate of 

survival of the bacterial isolates in low pH was calculated using the formula (Fuller 

1989): 

Survival % =
!"#	%&'()*	"+	,)--.	.&*/0/)1	234567 8×	:;;
!"#	%&'()*	"+	0%0<0=-	,)--.	0%",&-=<)1	234567 8
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Bile tolerance test 

The bile tolerance was tested according to the methods followed by Devi et al. (2015) 

with slight modifications. MRS broth inoculated with test cultures were incubated at 

30°C for 24 h. MRS broth containing 0.3% ox gall was prepared and inoculated with 

1% (v/v) of 24 h old test cultures. MRS broth without ox gall was used as control. 

After inoculation test cultures were withdrawn at 3 h of incubation and the viability of 

the cells were checked by inoculation in MRS agar followed by incubation at 30°C for 

24 h (Devi et al. 2015). 

 

Deconjugation of bile salts 

Deconjugation of bile salts by the bacterial isolates was screened using the method of 

Taranto et al. (1995). Modified MRS agar containing 0.5% sodium salts of taurocholic 

acid (TC), taurodeoxycholic (TDC) acid and 0.37g/litre of CaCl2 was prepared (Xu et 

al. 2016). Bacterial isolates were streaked on these modified MRS agar plates and 

incubated at 37°C for 72 h in anaerobic gas jars. The appearance of precipitation 

around the colonies after the incubation was taken as positive result. 

 

β-Galactosidase activity 

β-Galactosidase activity of the bacterial isolates were screened using plate assay 

method (Angmo et al. 2016). MRS agar plates containing 10 ml of IPTG (iso-propyl-

thio β-D galactopyranoside) as inducer and 60 ml X-gal (5-bromo-4-chloro-3- indolyl-

b-D-galactopyranoside) were prepared and streaked with 24 h old bacterial culture. 

The plates were then incubated at 37°C for 42 h. Appearance of blue colored colonies 

after 42 h indicates a positive result and transparent colonies as negative result. 
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Cholesterol assimilation 

The ability of test isolates to assimilate cholesterol was determined following the 

method described by Shehata et al. (2016). MRS broth supplement with 0.3% ox gall 

(bile salt) and water soluble cholesterol (100µg/ ml) was prepared for this test. The test 

isolates were inoculated in this modified MRS broth at a concentration of 1% and was 

incubated at 37°C for 24 h. After incubation the cells were removed by centrifugation 

at 9000 rpm for 15 min and the amount of cholesterol remaining in the broth was 

determined calorimetrically using o-phthalaldehyde method (Rudel and Morris 1973). 

1 ml of KOH (33% w/v) and 2ml of absolute ethanol was added to 1ml of cell free 

broth obtained after centrifugation. The mixture was vortexed for 1 min and incubated 

at 37°C for 15 min after which 2ml of distilled water and 3ml of hexane was added to 

it and again vortexed for a min. 1 ml of the upper hexane layer was then transferred to 

a fresh glass tube and evaporated in a water bath (65°C). The residue obtained was 

dissolved in o-phthalaldehyde reagent and 0.5ml concentrated sulphuric acid was 

added to it and vortexed. After 10 min the absorbance was measured 

spectrophotometrically at 550 nm. 

 

SCREENING FOR FUNCTIONAL ATTRIBUTES 

Phytase activity (Anti-nutritive factor degrading property) 

Plate screening assay for the qualitative determination of phytase activity of the test 

isolates were done following the method of Fischer et al. (2014) with slight 

modifications.  Modified MRS agar containing 1% casein peptone, 0.4% beef extract, 

1% glucose, 0.2% yeast extract, 0.82% sodium acetate trihydrate, 0.02% magnesium 

sulphate heptahydrate, 0.2% ammonium citrate dibasic, 0.0025% manganese sulphate, 

0.2% calcium chloride, 2% MOPS, 1.5% agar and 0.25% sodium phytate as the sole 
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phosphate source was prepared for the screening of phytase activity. The test isolates 

were streaked on the surface of modified MRS agar and incubated at 35°C for 72 h. 

Formation of clear zones (due to degradation of phytic acid) around the colonies after 

72 h of incubation was recorded as a positive result. 

 

Amylolytic activity 

Starch agar media was used for the detection of amylolytic activity of the test cultures. 

24 h old test cultures were streaked on the surface of starch agar plates which were 

then incubated at 30°C for 48 h. After the incubation the plates were flooded with 

iodine solution for about 15-20 min. Appearance of clear zone around and underneath 

(after the growth is scrapped off) the grown culture was taken as positive for 

amylolytic activity (Tamang et al. 2007). 

 

Ethanol tolerance test 

Tolerance of test isolates at different concentration of ethanol was performed 

following the method of Gold et al. (1992) with slight modification. Overnight grown 

test cultures were inoculated in MRS broth containing 4%, 5%, 6%, 7%, 8%, 9% and 

10% absolute ethanol. MRS broth without ethanol was inoculated with bacterial 

isolates and was kept as control. The inoculated media were then kept in incubation at 

35°C after which OD readings at 600nm were recorded after 24 h (Gold et al. 1992). 
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SCREENING FOR SAFETY EVALUATION 

Haemolytic activity 

For determining the safety aspect of the lactic acid bacterial isolates hemolytic activity 

of the isolates were screening following the method described by Somashekaraiah et 

al. (2019). Blood agar plates containing 5% (v/v) sheep blood were prepared and 

streaked with the test isolates. The blood agar plates were then incubated at 37°C for 

48 h after which the plates were observed for zone of hemolysis (α hemolysis, β 

hemolysis and γ hemolysis) (Somashekaraiah et al. 2019). 

 

Detection of virulence factor 

The isolates were screened for the presence of virulence gene cyl A that codes for 

cytolysin which is a haemolytic toxin produced by some strains of Enterococcus 

fecalis and causes the lysis of RBCs (Coburn and Gilmore 2003). PCR amplification of 

gene cyl A (cytolysin activator encoding gene) was done. The primer used was F 

5’ACTCGGGGATTGATAGGC3’ and R 5’GCTGCTAAAGCTGCGCTT3’ for the 

screening of cyl A (Creti et al. 2004). 

 

SCREENING OF PROBIOTIC AND FUNCTIONAL GENE 

Several genes responsible for various probiotic and functional characteristics were 

analyzed for all lactic acid bacterial isolates. Primers which were reported in earlier 

literature were used for this study (Table B). Positive controls were selected after 

testing the primers on the DNA of the reference strains containing the targeted genes 

For the PCR amplification of the probiotic and functional genes, each reaction mixture 

contained 10µl GoTaq Green (M7122) master mix (reaction buffer (pH 8.5), 400µM 

dATP, 400µM dGTP, 400µM dCTP, 400µM dTTP and 3mM MgCl2), each primer at a 
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concentration of 0.8µl, 6.8µl nuclease free water and 1.6µl of template DNA, making a 

final volume of 20µl. After the amplification the amplicons were run in 1% agarose gel 

stained with ethidium bromide to check the presence of desired amplicons. 
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Table B: Primers used for the detection of Probiotic structural genes 
 
Target 

gene 
Function Primer 

Annealing 
temperature 

(˚C) 

Amplicon 
size (bp) References 

Rib A riboflavin biosynthesis 3,4-Dihydroxy-2-butanone 4-phosphate 
synthase/ GTP cyclohydrolase 

F 5’TTTACGGGCGATGTTTTAGG3’ 60 121 Turpin et al. 2011 
R 5’CGACCCTCTTGCCGTAAATA3’ 

Fol P folate biosynthesis dihydropteroate synthase/ 
dihydropteroate pyrophosphorylase 

F 5’CCASGRCSGCTTGCATGAC3’ 59.5 261 Turpin et al. 2011 
R 5’TKACGCCGGACTCCTTTTWY3’ 

clp L survival in low pH 
and bile salt ATPase F 5’GCTGCCTTYAAAACATCATCTGG3’ 56 158 Turpin et al. 2011 

R 5’AATACAATTTTGAARAACGCAGCTT3’ 

bsh bile salt bile salt acid hydrolase F 5’ATTGAAGGCGGAACSGGMTA3’ 58 155 Turpin et al. 2011 
R 5’ATWACCGGWCGGAAAGCTG3’ 

Ir1584 bile salt Major facilitator superfamily 5’TAYGCCRTTCGGWTGTTTGG3’ 55 151 Turpin et al. 2011 
R 5’TCAWRATGGCRGTCCCAATG3’ 

Ir1516 survival in low pH and 
bile salt putative esterase F 5’TRACCACTYTCWCCATTCAACAA3’ 56.5 143 Turpin et al. 2011 

R5’CCACTAGCRATGACYAATACKGGT3'’ 

LBA1446 bile salt Multidrug resistance protein F 5’GCTGGAGCCACACCGATAAC3’ 58 275 Turpin et al. 2011 
R 5’CAACGGGATTATGATTCCCATTAGT3’ 

hdc survival in low pH Histidine decarboxylase F 5’AGATGGTATTGTTTCTTATG3’ 52 367 Costantini et al. 
2006 

R 5’AGACCATACACCATAACCTT3’ 

tdc survival in low pH Tyrosine decarboxylase F 5’CCACTGCTGCATCTGTTTG3’ 50 370 Diaz-Ruiz et al. 
2003; Eom et al. 

2009 R5’CCRTARTCNGGNATAGCRAARTCNGTRTG3’ 

odc survival in low pH Ornithine decarboxylase F 5’TMTWCCAACHGATCGWAATGC3’ 58 245 Turpin et al. 2011 
R 5’CRCCCCAWGCACARTCRAA3’ 
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agu A survival in low pH Agmatine deiminase F 5’GAACGACTAGCAGCTAGTTAT3’ 60 542 Fang et al. 2009 
R 5’CCAATAGCCGATACTACCTTG3’ 

mub adhesion mucin binding protein F5’GAGCAGAAGATGGGCCAAC3’ 63 922 Archer and Halami 
2015 

R5’CTTCTGCGTCAACAACTTCG3’ 

fbp adhesion fibronectin binding protein F 5’AGTGCTGAAATYATGGGAAGA3’ 60 835 Archer and Halami 
2015 

R 5’AATTGTCCACCTTGTTGCTG3’  

sor adhesion sortase F 5’CCACCTTGTACTGGTTAGTG3’ 55 672 Archer and Halami 
2015 

R 5’GACCATTCGTGTACTTGCCG3’ 

sbp adhesion ATP binding substrate protein F 5’CAGTTCTTAGCCACAGTTTG3’ 55 805 Archer and Halami 
2015 

R 5’GGTTCGCCGCTAATAGTAAG3’ 

msa adhesion mannose specific adhesion F 5’GCGATTAGGGGTGTGCAAG3’ 55 319 Archer and Halami 
2015 

R 5’ GCAGTTGGTGACGTAGGCA3’ 

apf adhesion aggregation promoting factor F 5’YAGCAACACGTTCTTGGTTAGCA3’ 53 112 Turpin et al. 2011 
R 5’ GAATCTGGTGGTTCATAYWCAGC3’ 

map A adhesion mucus adhesion promoting protein 5’GGATTCTGC TTGAGGTAAG3’ 50 156 Ramiah et al. 2007 
R 5’GACTAGTAATAACGCGACCG3’ 

mub1 adhesion mucus binding protein F 5’GTAGTTACTCAGTGACGATCAATG3’ 50 150 Ramiah et al. 2007 
R 5’TAATTGTAAAGGTATAATCGGAGG3’ 

ped A bacteriocin pediocin F 5’AAAATATCTAACTAATACTTG3’ 44 600 Rodriguez et al. 
1997 

R 5’TAAAAAGATATTTGACCAAAA3’ 

cyl A bacteriocin cytolysin activator encoding gene F 5’ACTCGGGGATTGATAGGC3’ 54 688 Creti et al. 2004 
R 5’GCTGCTAAAGCTGCGCTT3’ 

ent A bacteriocin enterocin F 5’GGT ACC ACT CAT AGT GGA AA3’ 55 138 Özdemir et al. 2011 
R 5’CCC TGG AAT TGC TCC ACC TAA3’ 
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ent B bacteriocin enterocin F 5’CAA AAT GTA AAA GAA TTA AGT ACG3’ 56 201 De Vuyst et al. 
2003 

R 5’AGA GTA TAC ATT TGC TAA CCC3’ 

 

 

 

 
 

ent P bacteriocin enterocin F 5’GCT ACG CGT TCA TAT GGT AAT3’ 55 87 Özdemir et al.2011 
R 5’TCCTGCAATATTCTCTTTAGC3’ 

ped B bacteriocin pediocin F5’ATGAATAAGACTAAGTCGGAACATATT3’ 57 339 El-Arabi  et al. 
2018 

R5’CTATTGGCTAGGCCACGTATTG3’ 

Bgl β -glucosidase β –glucosidase enzyme 
F5’GTGACTATGGTAGAGTTTCC3’ 

50 1392 Spano et al. 2005 
R5’TCAAAACCCATTCCGTTCCCCA 3’ 

cyl A haemolysin cytolysin activator encoding gene 
F 5’ACTCGGGGATTGATAGGC3’ 

54 688 Creti et al. 2004 
R 5’GCTGCTAAAGCTGCGCTT3’ 
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Detection of genes involved in biosynthesis of riboflavin and folate 

The ability of bacterial isolates to synthesize folate and riboflavin were analyzed by 

screening the presence of two genes fol P and rib A gene respectively. Fol P gene 

encodes for dihydropteroate synthase/ dihydropteroate pyrophosphorylase (De Crécy-

Lagard et al. 2007) and Rib A gene encodes for 3,4-Dihydroxy-2-butanone 4-

phosphate synthase/ GTP cyclohydrolase (Burgess et al. 2004), enzymes involved in 

biosynthesis of folate and riboflavin respectively. The PCR amplification of rib A  and  

fol P genes were done using the primer F 5’-TTTACGGGCGATGTTTTAGG-3’ and 

R 5’-CGACCCTCTTGCCGTAAATA-3’ for rib A gene and  F 5’- 

CCASGRCSGCTTGCATGAC-3’ and R 5’- TKACGCCGGACTCCTTTTWY-3’ for 

fol P gene (Turpin et al. 2011). The PCR conditions were as follows: 1 cycle at 95°C 

for 5 min; 40 cycles of 95°C for 30 sec, an annealing temperature for 10 sec 

(depending on the primer ; listed in Table B ), and 72°C for 15 sec; and 1 cycle at 72°C 

for 5 min.  The expected amplicon size of rib A and fol P genes were 121 and 261 bp, 

respectively. 

 

Detection of genes involved in bile salt survival 

Screening of clp L, bsh, Ir1584, Ir1516 and LBA 1446 genes which are involved in 

survival of bacteria in presence of bile salts were done by amplifying the above genes 

using specific primers. clp L encodes for ATPase, Ir1516 (Wall et al. 2007) encodes 

for putative esterase, bsh encodes for conjugated bile salt acid hydrolase (McAuliffe et 

al. 2005; Fang et al. 2009; Denou et al. 2008; Lambert et al. 2008), Ir1584 encodes for 

Major facilitator superfamily permease (Whitehead et al. 2008) and LBA 1446 encodes 

for Multidrug resistance protein (Pfeiler et al. 2009). All of these genes encode 

enzymes and protein which facilitate the survival of bacteria in presence of bile salts. 
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The primers used were F 5’GCTGCCTTYAAAACATCATCTGG3’ and R 

5’AATACAATTTTGAARAACGCAGCTT3’ for clpL gene (Turpin et al. 2011), F 

5’TRACCACTYTCWCCATTCAACAA3’ and R 5’CCACTAGCRATGACY 

AATACKGGTT3’ for Ir1516 gene (Turpin et al. 2011), F 

5’ATTGAAGGCGGAACSGGMTA3’ and R 5’ATWACCGGWCGGAAAGCTG3’ 

for bsh gene (Turpin et al. 2011), F 5’TAYGCCRTTCGGWTGTTTGG3’ and R 

5’TCAWRATGGCRGTCCCAATG3’ for Ir1584 gene (Turpin et al. 2011) and F 

5’GCTGGAGCCACACCGATAAC3’ and R 5’CAACGGGATTATGATTCCC 

ATTAGT3’ for LBA1446 gene (Turpin et al. 2011). The PCR conditions were as 

follows: 1 cycle at 95°C for 5 min; 40 cycles of 95°C for 30 sec, an annealing 

temperature for 10 sec (depending on the primer; listed in Table B) and 72°C for 15 

sec; and 1 cycle at 72°C for 5 min. 

 

Detection of genes involved in survival at low pH 

The ability of the bacterial isolates to survive and proliferate at low pH conditions 

were analyzed by screening the presence or absence of hdc (Histidine decarboxylase), 

odc (Ornithine decarboxylase), tdc (Tyrosine decarboxylase), agu A (Agmatine 

deiminase), clp L  and Ir1516 genes (Turpin et al. 2011). The primers used for the 

amplification of the genes were: F 5’-AGATGGTATTGTTTCTTATG-3’ and R 

5’AGACCATACACCATAACCTT3’ for hdc gene (Costantini et al. 2006), F 

5’CCACTGCTGCATCTGTTTG3’ and R 5’CCRTARTCNGGNATAGCRAAR 

TCNGTRTG3’ for tdc gene (Diaz-Ruiz et al. 2003; Eom et al. 2009), F 

5’TMTWCCAACHGATCGWAATGC3’ and R 5’CRCCCCAWGCACARTCRAA3’ 

for odc gene (Turpin et al. 2011) and F 5’GAACGACTAGCAGCTAGTTAT3’ and R 

5’CCAATAGCCGATACTACCTTG3’ for agu A gene (Fang et al. 2009). The PCR 
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conditions were as follows: 1 cycle at 95°C for 5 min; 40 cycles of 95˚C for 30 sec, an 

annealing temperature for 10 sec (depending on the primer ; listed in Table B), and 

72°C for 15 sec; and 1 cycle at 72°C for 5 min. 

 

Detection of genes involved in adhesion  

Mub, fbp, sor, sbp, msa, apf, map A and mub1 genes were screened to check the ability 

of bacterial isolates to adhere to the mucoid membrane. The primers used for this study 

were F 5’GAGCAGAAGATGGGCCAAC3’ and R5’CTTCTGCGTCAA 

CAACTTCG3’ for mub (mucin binding protein) gene, F 

5’AGTGCTGAAATYATGGGAAGA3’ and R 5’AATTGTCCACCTTGTTGCTG3’ 

for fbp (fibronectin binding protein) gene, F 5’CCACCTTGTACTGGTTAGTG3’ and 

R 5’GACCATTCGTGTACTTGCCG3’ for sor (sortase) gene, F 

5’CAGTTCTTAGCCACAGTTTG3’ and R 5’GGTTCGCCGCTAATAGTAAG3’ for 

sbp (ATP binding substrate protein), F 5’GCGATTAGGGGTGTGCAAG3’ and R 

5’GCAGTTGGTGACGTAGGCA3’ for msa (mannose specific adhesion) gene 

(Archer and Halami 2015), F 5’YAGCAACACGTTCTTGGTTAGCA3’ and R 5’ 

GAATCTGGTGGTTCATAYWCAGC3’ for apf  (aggregation promoting factor) gene 

(Turpin et al. 2011), F 5’GGATTCTGCTTGAGGTAAG3’ and R 

5’GACTAGTAATAACGCGACCG3’ for map A (mucus adhesion promoting protein) 

gene and F 5’GTAGTTACTCAGTGACGATCAATG3’ and R 

5’TAATTGTAAAGGTATAATCGGAGG3’ for mub1 (mucus binding protein) gene 

(Ramiah et al. 2007). The conditions for PCR reaction in a thermal cycler (Applied 

biosystems-2720, USA) were as follows: 95°C for 5 min; 34 cycles of 95°C for 1 min, 

annealing temperature (Table B) for 1 min, and 72°C for 1 min; and final extension at 

72°C for 10 min (Archer and Halami 2015). 
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Detection of bacteriocin genes  

Bacteriocin genes ped A (pediocin), ped B, ent A (“enterococin), entB, ent P and cyl A 

(cytolysin activator encoding gene) were screened to analyze the antimicrobial ability 

of the bacterial isolates. The primers used for this study were: F 

5’GGTACCACTCATAGTGGAAA3’ and R 5’CCCTGGAATTG CTCCACCTAA3’ 

for ent A gene (Özdemir et al. 2011), F 5’CAAAAT GTAAAAGAATTAAGTACG3’ 

and R 5’AGAGTATACATTTGCTAACCC3’ for ent B (De Vuyst et al. 2003), F 

5’GCTACGCGTTCATATGGTAAT3’ and R 5’TCCTGCAATATTCTCTTTAGC3’ 

for ent P (Özdemir et al. 2011), F 5’AAAATATCTAACTAATACTTG3’ and R 

5’TAAAAAGATATTTGACCAAAA3’ for ped A (Rodrıguez et al. 1997), F 

5’ATGAATAAGACTAAGTCGGAACATATT3’ and R 5’CTATTGGCTAGG 

CCACGTATTG3’ for ped B (El-Arabi  et al. 2018) and F 5’ACTCGGGG 

ATTGATAGGC3’ and R 5’GCTGCTAAAGCTGCGCTT3’ for cyl A (Creti et al. 

2004). 

 

Data availability of 16S rRNA sequencing 

The partial sequences retrieved from the 16S rRNA sequencing were deposited at 

GenBank-National Center for Biotechnology Information (NCBI) under the nucleotide 

accession number: MK748250-MK748278, MK202997-MK203032, and MK752675-

MK752677. 

 

Data availability of High-throughput sequencing 

The sequence data of high-throughput amplicon sequencing has been uploaded at MG-

RAST server with the MG-RAST ID number Bio Project ID PRJNA376467. 
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DOCUMENTATION OF DRY STARTERS  

This research was mainly focused on the study of traditionally prepared dry starters of 

the Eastern Himalayan regions of Nepal, India and Bhutan (Figure 1). Hence we 

visited the eastern part of Nepal, Darjeeling, Sikkim and Arunachal Pradesh in India, 

and Bhutan for the purpose of documentation and sample collection. The 

documentation and sample collection was carried for a period of 12 months i.e. from 

December 2015 till November 2016. The data collection for documentation was 

conducted using structured questionnaire (Table A), personally visiting the villages 

where the starters were prepared and analyzing the preparation procedure, interviewing 

the local people who prepare these starters, collecting the plants used in the preparation 

of the starters. Table 1 briefs the area of sample collection and documentation, its 

coordinates, samples collected, community that prepares the samples and the substrates 

used for the preparation of the starter samples. We visited different places in the 

Eastern Himalayan regions of Nepal, India and Bhutan to document the traditional 

knowledge of preparation of dry starters and collection of samples. These places are 

Dharan, Dhankutta, Hattikharka and Hiley districts of eastern Nepal, Darjeeling and 

Kalimpong districts of West Bengal, Pakyong, Gangtok, Recab and Basilakha village 

of Sikkim, lower Subansiri, upper Subansiri and Ziro valley of Arunachal Pradesh and 

Gedumari, Thimpu and Dhonakha of Bhutan (Table 1). 
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Figure 1: Map showing the sample collection and documentation sites of different 
regions of the Eastern Himalayas. 
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Table 1: Traditionally prepared dry starters of the Eastern Himalayas 
 

Sa
m

pl
e 

Substrate used 

Dominant 
Ethnic 

Community as 
Starter maker 

Country Collection 
Site 

A
lti

tu
de

 
(M

et
er

) 

L
at

itu
de

 

L
on

gi
tu

de
 

Marcha Rice, 
Herbs (chittu, chabo) 

Rai, 
Limboo, 
Newar 

Nepal 
(District 

Dhankuta, 
Sunsari) 

Dharan 
 

371 
 
26°48' N 

 

 
87°17' E 

Dhankuta 
 

1154 
 

26°53' N 
 

 
87°8 ' E 

 
Hiley 

 
857 

 
27°02' N 

 
87°24' E 

 
Hatikharka 

 
1394 

 
27°01' N 

 
87°32' E 

 

Marcha 

Rice, roots of Plumbago 
zeylanica, leaves of 
Buddleja asiatica, 

flowers of Vernonia 
cinerea, ginger and dry 

red chilies 

Rai, Limboo India (West 
Bengal) 

Darjeeling 2059 27°04' N 
 

88°26' E 
 

Kalimpong 1176 27°07' N 
 
88°47' E 
 

Marcha 

 
Rice, roots of 

Plumbago zeylanica, 
leaves of Buddleja 
asiatica, flowers of 
Vernonia cinerea, 
ginger and dry red 

chilies 

Rai, Limboo India 
(Sikkim) 

Pakyong 1341 27°24' N 
 

88°59' E 
 

Gangtok 1637 27°32' N 88°61' E 
 

Recab 1072 27°21' N 88°50' E 
 

Basilakha 906 27°22' N 88°60' E 
 

Marcha 

Rice, roots of 
Plumbago zeylanica, 
leaves of Buddleja 
asiatica, flowers of 
Vernonia cinerea, 
ginger and dry red 

chilies 

Nepali 
Bhutan 
(district 
Thimpu) 

Gedumari  
1045 

 
26°90' N 

 
89°39' E 

 

Thimpu 2401 27°47' N 
 

89°62' E 
 

Paa 

Rice, Leaves of 
Ctuepatti (Cissampelos 

pareira Linn.)  and 
Khanoba ( 

Clerodenderon 
viscosum) 

Nyshing 

India 
(Arunachal 
Pradesh) 

Lower 
Subansiri 661 27°8' N 

 
93°6' E 

 

Pee Rice Apatani Ziro valley 1576 27°53' N 93°81' E 
 

Phut 
Rice, leaves of 
Cinnamomum 
glanduliferum 

Mongpa Upper 
Subansiri 1816 28°3' N 

 
94° E 

 

Phab 
 

Maize, rice husk, 
flowers of bagham 

plant 
Drukpa Bhutan 

(Punakha) Dhonakha 2311 27°66' N 89°70' E 
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MARCHA 

Marcha is a dry round and flattened creamy white starter traditionally prepared in 

Nepal, India and Bhutan (Figure 2A-D). The preparation process of marcha is almost 

same in these regions except for the plants that are used during the preparation. 

Marcha is used to prepare the fermented alcoholic beverage locally known as raksi 

and jaanr.  

 

Figure 2: Traditional starter cultures: A; Marcha of Nepal, B; Marcha of Darjeeling, 
C; Marcha of Sikkim, D; Marcha of Bhutan, E; Paa of Arunachal Pradesh, F; Pee of 
Arunachal Pradesh, G; Phut of Arunachal Pradesh, H; Phab of Bhutan. 
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Traditional method of preparation of marcha of Nepal 

The substrate used for the preparation of marcha (Figure 2A) is rice which is soaked 

overnight and then beaten to a fine powdered form. Leaves, flowers and roots of plant 

chittu and whole plant of chabo are powdered and added to the powdered rice in equal 

amounts. Both the ingredients are mixed properly after which water is added to it to 

make fine dough. Bowl sized marcha balls are then prepared from this dough. The 

freshly prepared marcha is then sprinkled with the old inoculums (old marcha which 

has been powdered). The fresh marcha is then placed on straw mats and incubated for 

48 h during winters and 24 h during summers after which it is sun dried for 2-3 days 

and sold in the market (Figure 2A and 3).  
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Figure 3: Traditional method of preparation of marcha in Nepal. 
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Traditional method of preparation of marcha of Darjeeling, Sikkim and Bhutan 

Preparation of marcha in Darjeeling hills and Sikkim in India (Figure 2B, C) and 

Bhutan (Figure 2D) is slightly different from marcha of Nepal specifically in the herbs 

that are used during the preparation. The initial substrate used is rice which is soaked 

overnight and then grounded into a fine powdered form. This powdered rice is mixed 

with roots of Plumbago zeylanica, leaves of Buddleja asiatica, flowers of Vernonia 

cinerea, ginger and dry red chilies and powdered along with the rice. Water is then 

added to the above mixture and kneaded into fine dough. Small marcha balls are then 

prepared from the dough which is sprinkled with inoculums (old marcha which is 

powdered). The freshly prepared marcha balls are kept on fern Glaphylopteriolopsis 

erubeseens and covered with it and incubated for 24 h. After the incubation period the 

marcha balls are sun dried for 3-5 days and sold in the market (Figure 4). 

Rice is the common substrate used for the preparation of marcha in all the three 

countries i.e., in Nepal, India and Bhutan however, marcha in India and Bhutan are 

prepared by using Plumbago zeylanica, Buddleja asiatica, Vernonia cinerea, ginger 

and dry red chilies and the fern Glaphylopteriolopsis erubeseens is used to store the 

product for incubation whereas, marcha in Nepal is prepared using chabo and chittu 

plant and straw mats are used instead of ferns for storing the product during incubation 

period. 
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Figure 4: Traditional method of preparation of marcha in Darjeeling hills, Sikkim in India and South Bhutan.
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PAA 

Paa (Figure 2E) is a round; creamy white, dry starter balls prepared by Nyshing 

community of Arunachal Pradesh.  

 

Traditional method of preparation of paa of Arunachal Pradesh 

The initial substrate used for the preparation of paa is rice which is soaked in water for 

4-5 h after which is powdered. Leaves of Ctuepatti (Cissampelos pareira Linn.) and 

Khanoba (Clerodenderon viscosum Vent.) is boiled in water and ground to paste. The 

grounded rice and herbs are then mixed with 50-60 gram of old starter culture powder 

and water to make a thick paste. Small balls of paa is prepared from this paste which is 

then placed on a bamboo basket kept over a fire place and allowed to dry for 8-16 days 

(Figure 5). The dried cakes are then used to prepare fermented alcoholic drinks. The 

shelf life of paa is about 1 year. 
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Figure 5: Traditional method of preparation of paa in Arunachal Pradesh. 
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PEE 

Pee (Figure 2F) is a dry starter for fermented alcoholic beverage prepared by the 

Apatani community of Arunachal Pradesh.  

 

Traditional method of preparation of pee of Arunachal Pradesh 

During the preparation of pee, rice is first soaked in water for 2 h after which the 

excess water is drained and the rice is dried. The rice is then crushed in heavy wooden 

mortar and pestle (locally called Yaper and Unyi) into fine powdered form. Water is 

added to this powdered rice flour to make a thick paste. Small round cakes of different 

shape and size is kneaded from this paste which is sprinkle with old starter culture. The 

freshly prepared pee balls are then placed on bamboo strips over the fire place for 

about 1-2 days to dry. After the incubation, these pee balls are sun dried for 3-5 days 

and are stored in dry place for further use (Figure 6). The shelf life of pee is about 1 

year. Pee differs from other dry starters of Arunachal Pradesh as no plants or herbs are 

used for its preparation. 
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Figure 6: Traditional method of preparation of pee in Arunachal Pradesh. 
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PHUT 

The Mongpa community of Arunachal Pradesh prepares the dry starter phut for 

fermented alcoholic beverage (Figure 2G). 

 

Traditional method of preparation of phut of Arunachal Pradesh 

Rice is soaked in water overnight and is powdered with the help of motor pestle. Old 

phut balls along with leaves of Cinnamomum glanduliferum is crushed and added to 

powdered rice and mixed properly. Water is added to the mixture to form dough from 

which phut balls are prepared. The freshly prepared phut balls are then wrapped in 

straw and fermented for about 1-2 days. After the fermentation the phut balls are then 

sun dried for 3-7 days and used (Figure 7). 
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Figure 7: Traditional method of preparation of phut in Arunachal Pradesh. 
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PHAB 

Phab (Figure 2H) also known as pho is a dry starters prepared in Bhutan by the 

Drukpa community. It is a flat dark brown coloured starter prepared using maize and 

rice husk. Phab is used to prepare the famous fermented alcoholic beverage Ara of 

Bhutan. 

 

Traditional method of preparation of phab of Bhutan 

For the preparation of phab powdered maize, rice husk and dried flowers of bhagam 

plant (powdered) is taken in a ratio of 2:4:3, respectively. Water is added to the above 

mixture and cooked for 5-10 min. After the cooking a thick paste is formed which is 

allowed to cool down to room temperature after which inoculum (powdered old phab) 

is added to the paste and mixed. Fresh phab balls are prepared from this paste which is 

then place on plastic sheets and covered with the same. The covered phab balls are 

then kept on a bamboo basket in a dark room for about 3 days. After the fermentation, 

phab balls are sun dried for about 5 days (Figure 8) and are used to ferment alcoholic 

beverages. The shelf life of phab is for a year or more.  
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Figure 8: Traditional method of preparation of phab in Bhutan. 
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COLLECTION OF SAMPLES 

A total of 35 different traditionally prepared dry starters were collected from various 

regions of the Eastern Himalayan regions of Nepal, India and Bhutan (Figure 1) which 

include 8 samples of marcha from Nepal, 5 samples of marcha from Darjeeling hills, 8 

samples of marcha from Sikkim, 5 samples of marcha from Bhutan, 2 samples of paa, 

3 samples of pee and 2 samples of phut from Arunachal Pradesh and 2 samples of 

phab from Bhutan, respectively (Table 2). 
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Table 2: Moisture, pH and bacterial load in dry starters of the Eastern Himalayas 
 

Sample Country 
Sample 

Collection 
Site 

Total 
no. of 

sample 

Total 
isolates 

Moisture 
content 

(%) 
pH cfu/g 

(x 107) 

Marcha Nepal 

Dharan 
 2  

7 

12.5 
(9.6-17.0) 

5.6 
(5.5-5.9) 

2.1 
(1.1-2.9) 

Dhankuta 
 2 9 

Hiley 
 2 11 

Hattikharka 2 7 

Marcha 
India 

(Darjeeling 
hills) 

 
Darjeeling 

 

 
3  

21 
13.1 

(12.9-13.3) 
5.4 

(5.2-5.6) 
15.3 

(11.0-19.6) 
Kalimpong 2 17 

Marcha India 
(Sikkim) 

Pakyong 
 2 11 

11.8 
(10.0- 13.4) 

5.7 
(5.6-5.9) 

18.5 
(10.2-26.5) 

Gangtok 
 2  14 

Recab 
 2  11 

Basilakha 2  13 

Marcha Bhutan 

Gedumari 
 3  

10 
13.76 

(11.8-15.7) 
5.7   

(5.5-5.9) 
0.01 

(0.01-0.02) 
Thimpu 2 8 

Paa 
India 

(Arunachal 
Pradesh) 

Lower 
Subansiri 2  12 11.7 

(11-12) 
5.1 

(5-5.2) 
2.3 

(2.0-2.6) 

Pee Ziro valley 3  17 12.1 
(11-13) 

5.5 
(5.2-5.8) 

17.6 
(16.8-18.4) 

Phut Upper 
Subansiri 2 11 11.6 

(11.4-11.8) 
5.2 

(5.1-5.3) 
11.5 

(9.8-13.2) 

Phab  
Bhutan Dhonakha 2 22 6.17 

(6.13-6.2) 
5.2 

(5.0-5.4) 
0.03 

(0.02-0.04) 

Total 35 201  
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MOISTURE, pH AND BACTERIAL LOAD OF STARTER SAMPLES 

The moisture content, pH and the microbial load of the entire dry starter samples were 

analyzed (Table 2). The moisture contents of all dry starter samples ranged between 

6%-15% (Table 2); individually moisture contents (%) in sample-wise, marcha of 

Nepal (9.6-17.0), marcha of Darjeeling (12.9-13.3), marcha of Sikkim (10.0- 13.4), 

marcha of Bhutan (11.8-15.7), paa of Arunachal Pradesh (11-12), pee of Arunachal 

Pradesh (11-13), phut of Arunachal Pradesh (11.4-11.8) and phab of Bhutan (6.13-6.2) 

(Table 2). The moisture content of marcha of Bhutan was recorded to be the highest 

amongst the starter samples collected with an average moisture content of 13.76%. 

Average moisture content of phab samples of Bhutan was found to be lowest with the 

moisture content of 6.17%.  

The pH of all dry starter samples was acidic and ranged within 5.0-5.9 (Table 2). The 

pH range of marcha samples of Nepal was 5.5-5.9, marcha of Darjeeling was 5.2-5.6, 

marcha of Sikkim was 5.6-5.9, marcha of Bhutan was 5.5-5.9, paa of Arunachal 

Pradesh was 5-5.2, pee of Arunachal Pradesh was 5.2-5.8, phut of Arunachal Pradesh 

was 5.1-5.3 and phab of Bhutan was 5-5.4 (Table 2). The average pH of marcha 

samples of Nepal, Darjeeling, Sikkim and Bhutan was 5.6, 5.4, 5.7 and 5.7 ; the pH of 

paa, pee and phut samples of Arunachal Pradesh was recorded as 5.1, 5.5 and 5.2 and 

pH of phab of Bhutan was 5.2 respectively (Table 2). 

The microbial load of the traditionally prepared dry starter samples was analyzed using 

plate count technique in specific media such as VRBGA (violet red bile glucose agar), 

MRS agar (De Man, Rogosa and Sharpe agar), M17 agar and nutrient agar (Table 2). 

The bacterial count of all the 35 traditionally prepared dry starter samples ranged from 

1.0x105cfu/g to 2.7x108cfu/g. The range of microbial load in marcha samples of 

Nepal, Darjeeling, Sikkim and Bhutan were 1.1-2.9x107 cfu/g, 11-19.6x107cfu/g, 10.2-
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26.5x107 cfu/g and 0.01-0.02x107 cfu/g, respectively; 2-2.6x107 cfu/g, 16.4-18.4 x107 

cfu/g, and 9.8-13.2 x107 cfu/g in paa, pee and phut samples of Arunachal Pradesh and 

0.02-0.04 x107 cfu/g in phab samples of Bhutan, respectively (Table 2). The average 

microbial load in marcha samples of Nepal, Darjeeling, Sikkim and Bhutan was 2.1 

x107 cfu/g, 15.3 x107 cfu/g, 18.5 x107 cfu/g and 0.01 x107 cfu/g, respectively; in paa, 

pee and phut samples of Arunachal Pradesh the microbial load was recorded as 2.3 

x107 cfu/g, 17.6 x107 cfu/g and 11.5 x107 cfu/g, respectively and microbial load of 

phab of Bhutan was 0.03 x107 cfu/g (Table 2).The highest microbial load was recorded 

in marcha samples of Sikkim with an average bacterial load of 1.9 x108 cfu/g, whereas 

the lowest bacterial count was recorded in marcha samples of Bhutan with the average 

bacterial load of 1.0x105cfu/g (Table 2). 
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PHENOTYPIC CHARACTERIZATION  

In this study we used specific media such as MRS agar and M17 for lactic acid 

bacteria, VRBGA (violet red bile glucose agar), for Gram-negative bacteria, and 

nutrient agar for aerobic mesophilic bacteria. We isolated 201 bacterial isolates from 

35 different dry starter samples of the Eastern Himalayas: 34 isolates from marcha of 

Nepal, 38 isolates from marcha of Darjeeling hills, 49 isolates from marcha of Sikkim, 

18 isolates from marcha of Bhutan, 12 isolates from paa, 17 isolates from 

pee, 11 isolates from phut all from Arunachal Pradesh, and 22 isolates from phab of 

Bhutan, respectively (Table 2). 

 

Morphological Characterization 

All bacterial isolates were morphologically characterized based on cultural 

characteristics, cell morphology, Gram’s reaction, KOH (potassium hydroxide test) 

test, catalase test and endospore test (Table 3). Out of 201 isolates, 183 bacterial 

isolates were Gram-positive and 18 isolates were Gram-negative which was further 

confirmed by KOH test. A total of 26 isolates showed a positive result for catalase test 

and 175 isolates were catalase negative (Table 3). According to the endospore test 

results only 6 of the isolates were found to be spore formers and the rest of 195 isolates 

were non spore formers (Table 3). 
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Table 3: Cultural and morphological characteristics of bacteria isolated from traditional dry starters of the Eastern Himalayas 
 

Sample Isolates Media Cultural characteristics Gram 
Stain Shape KOH test Catalase Endospore 

Marcha 
(Nepal) 

NMB3 MRS Small, round shaped, regular edged, bulged, creamy white colonies. + Rod NS - - 

NMB7 NA Small, irregular, flat, transparent colonies. + Rod NS - - 

NMB8 MRS Small, round, regular edge, transparent colonies. + Rod NS - - 

NMB10 NA Large, irregular, flat, thick, white colonies. + Rod NS + + 

NMB23 NA Small, round shaped, regular edged, transparent colonies. + Cocci NS + - 

NMB11 NA Large, round, regular, bulged, white colonies. + Rod NS + + 

NMB12 NA Large, spread growth, thick, yellowish white coloured colonies. + Rod NS + - 

NMB13 VRBGA Large, pink coloured colonies with spread growth, thick and slimy. + Rod NS + - 

NMB20 NA Small, round, regular, bulged, transparent colonies. + Cocci NS + - 

NMB22 NA Large, round shaped, regular edge, bulged surface, creamy white colonies. + Cocci NS + - 

Marcha 
(Darjeeling) 

DMB4 MRS Thick, irregular edge, bulged surface, white colonies. + Cocci NS - - 

DMB11 M17 Large, flat, irregular, thick, creamy white colonies. + Cocci NS - - 

DMB12 MRS Small, round, transparent, white colonies. + Cocci NS - - 

DMB6 MRS Thick, irregular edge, bulged surface, white colonies. + Cocci NS - - 

DMB3 M17 Thick, irregular edge, bulged surface white colonies. + Cocci NS - - 

DMB11 MRS White, small colonies with round edge and bulged surface. + Cocci NS - - 

DMB13 MRS Large, flat, irregular, thick, creamy white colonies. + Cocci NS - - 

DMB14 MRS Very small colonies, white, glistening surface and round edged. + Cocci NS - - 

DMB 15 MRS Small round transparent white colonies. + Cocci NS - - 

DMB5 NA Slightly brownish, transparent very small bulged colonies. + Cocci NS - - 

DMB2 MRS White, round, medium sized bulged colonies. + Cocci NS - - 
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DMB1 M17 Bulged, milky white, thick, regular edged medium sized colonies. + Cocci NS - - 
 
 

Marcha 
(Sikkim) 

SMB13-7 MRS Medium sized bulged, milky white, thick, regular edged colonies. + Cocci NS - - 

SMB15 MRS Large round colonies with glistening surface, thick consistency and bulged. + Cocci NS - - 

SMB19 NA Creamy white, thick, bulged, irregular edged colonies. + Rod NS + + 

SMB21 M17 Small, round, transparent white, bulged colonies + Cocci NS - - 

SMB5 MRS White, shinny, bulged, round with regular edge colonies. + Cocci NS - - 

SMB7 VRBGA Small, round, regular, bulged, pink colonies. + Cocci NS - - 

SMB9 VRBGA Large colonies, bulged, spreaded growth, red in colour. + Rod NS - - 

SMB13-1 MRS Very small colonies, white, glistening surface and round edged. + Cocci NS - - 

SMB22 NA Medium sized, yellowish white colonies bulged and round shaped colonies. + Cocci NS + - 

SMB1 NA Large, round, regular, bulged, creamy white colonies. + Rod NS + + 

SMB8 NA large, irregular edge, spreaded growth, bulged creamy white colonies. + Rod NS + - 

SMB3 MRS Small, irregular, flat, shinny white colonies. + Cocci NS - - 

SMB14 NA Thick, creamy coloured, large colonies with spreaded growth. + Rod NS + + 

SMB11 MRS Thick, irregular edge, bulged surface, white colonies. + Cocci NS - - 

Marcha 
(Bhutan)  

BPB1 NA Small, brownish colonies, shiny and round. + Cocci NS + - 

BPB10 NA Small, brownish colonies, shiny and round. + Cocci NS + - 

BPB13 MRS White, thick, bulged colonies, round in shape. + Cocci NS - - 

BPB17 NA Yellowish, round, small bulged colonies. + Cocci NS + - 

BPB3 NA Yellowish, round, small bulged colonies. + Cocci NS + - 

BPB4 M17 Small, regular, bulged, thick, white colonies. + Cocci NS - - 

BPB7 NA Creamy white coloured, thick colonies with filamentous growth. + Rod NS + - 

BPB18 MRS White, round, medium sized, bulged colonies. + Cocci NS - - 

BPB11 MRS White, round, medium sized bulged colonies. + Cocci NS - - 
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+, positive; -, negative; S, formation of string (Gram-negative); NS, string was not formed (Gram-positive); MRS, De Man, Rogosa and 
Sharpe agar; VRBGA, violet red bile glucose agar; NA, nutrient agar; M17 agar, growth medium for Lactococcus species. 

BPB8 NA Thick, creamy, large colonies with spreaded growth. + Rod NS + + 

Paa 
(Arunachal 

Pradesh) 

AOB5 M17 Small, round, regular, bulged, transparent colonies. + Cocci NS - - 

AOB9 VRBGA Yellowish pink, thick, spreaded growth and large colonies. - Rod S + - 

AOB2 MRS Small, round, regular, bulged, transparent colonies. + Cocci NS - - 

AOB11 M17 White, shinny, bulged, round with regular edged colonies. + Cocci NS - - 

AOB4 MRS Small, white, round colonies with regular edge. + Cocci NS - - 

Pee 
(Arunachal 

Pradesh) 

AOB19 MRS Small, regular, bulged, thick, white colonies. + Cocci NS + - 

AOB20 NA Creamy white coloured, thick colonies with filamentous growth. + Rod NS + - 

AOB14 M17 White, round, medium sized, bulged colonies. + Cocci NS - - 

AOB15 MRS Small, white, round colonies with regular edge and bulged. + Cocci NS - - 

AOB18 VRBGA Very thick, slimy, yellowish pink, large colonies. - Rod S - - 

MBV14 MRS Small, white, round shaped, bulged, regular edged colonies . + Cocci NS - - 

Phut 
(Arunachal 

Pradesh) 

AOB24 MRS Milky white, thick, regular edged, medium sized colonies. + Cocci NS - - 

AOB26 MRS Small, round shaped, regular edged, white colonies. + Cocci NS - - 

AOB48 NA Transparent white, large colonies with irregular edge. - Rod S + - 

AOB25 M17 Medium size, regular edge, bulged, creamy white colonies. + Cocci NS - - 

Phab 
(Bhutan) 

BPB21 MRS Small, round, transparent white colonies. + Cocci NS - - 

BPB26 NA Small, round shaped, transparent white colonies. - Rod S + - 

BPB24 NA Thick, irregular edge, bulged surface, white colonies. + Rod NS + - 

BPB23 VRBGA Small, pink coloured, round colonies with regular edge. - Rod S + - 

BPB27 VRBGA Small, pink coloured, round colonies with regular edge. - Rod S + - 

BPB31 M17 Very small colonies, white, glistening surface and round edged. + Cocci NS - - 

BPB33 MRS White, round, small, bulged colonies. + Cocci NS - - 
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Biochemical and Physiological Characterization 

The bacterial isolates were divided into two groups: Gram-positive isolates and Gram-

negative isolates based on the morphological characterizations. Sugar fermentation, 

biochemical and physiological tests were performed separately for both the group of 

isolates (Table 4-9). Out of 201 isolates 183 bacterial isolates were Gram-positive and 

18 isolates were Gram-negative. Based on phenotypic characterisations, 8 bacterial 

genera were tentatively identified which were 6 genera of Gram-positive bacteria: 

Pediococcus, Enterococcus, Leuconostoc, Bacillus, Lactobacillus and Staphylococcus 

and 2 genera of Gram-negative bacteria: Enterobacter and Citrobacter following the 

taxonomical keys of Bergey’s manual of bacteriological classification (Holt et al. 

1994). 
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Table 4: Sugar fermentation and growth conditions of bacterial isolates from marcha samples of the Eastern Himalayas 

R
ep

re
se

nt
at
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e 

Is
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at
es

 

Sugar fermentation 
Growth in/at 

Tentative 
identity 

NaCl pH Temperature 
(°C) 

C
el

lo
bi

os
e 

R
af

fin
os

e 

So
rb

ito
l  

A
ra

bi
no

se
 

M
el

lib
io

se
 

xy
lo

se
 

L
ac

to
se

 

R
ib

os
e 

M
el

iz
ito

se
 

Sa
lic

in
 

G
lu

co
se

 

Su
cr

os
e 

M
an

ni
to

l 

R
ha

m
no

se
 

A
es

cu
lin

 

5%
 

10
%

 

3.
6  

9.
6 

10
.6

 

15
°C

 

10
°C

 

45
°C

 

NMB3 +(2) -(2) +(2) -(2) -(2) -(2) +(2) +(2) -(2) +(2) +(2) +(2) +(2) -(2) +(2) +(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) Lactobacillus 
 

NMB8 +(3) -(1) 
+(2) +(3) -(1) 

+(2) 
-(1) 
+(2) 

-(1) 
+(2) +(3) +(3) -(3) +(3) +(3) +(3) +(3) +(2) 

-(1) +(3) +(3) +(2) 
-(1) 

+(2)  
-(1) 

v(2) 
-(1) -(3) +(3) +(2) 

-(1) 
-(1) 

v(2) 
Lactobacillus 

 

NMB7 +(5) -(2) 
+(3) +(5) -(2) 

+(3) 
-(2) 
+(3) 

-(2) 
+(3) +(5) +(5) -(3) 

+(2) +(5) +(5) +(5) +(5) +(2) 
-(3) +(5) +(5) +(2) 

-(3) 
-(2) 
+(3) 

v(2) 
-(3) -(5) +(5) +(2) 

-(3) 
-(2) 
v(3) 

Lactobacillus 
 

NMB 
12 

-(3) +(3) -(3) +(3) -(3) +(3) -(3) -(3) -(3) -(3) +(3) -(3) -(3) +(3) -(3) 
v(1) 

+(2) 
-(3) -(3) +(3) +(3) +(3) +(3) -(3) Pediococcus 

 

NMB 
13 

-(2) +(2) -(2) +(2) -(2) +(2) -(2) -(2) -(2) -(2) +(2) -(2) -(2) +(2) -(2) 
v(1) 

+(1) 
-(2) -(2) +(2) +(2) +(2) +(2) -(2) Pediococcus 

 

NMB 
10 

+(3) 
-(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(2) 
+(2) 

-(2) 
+(2) +(4) +(3)-

(1) 
+(1) 
-(3) 

-(3) 
+(1) 

+(3) 
-(1) 

-(2) 
+(2) 

v(1) 
+(1) 
-(2) 

-(3) 
v(1) -(4) +(4) +(2) 

-(2) 
+(1) 
-(3) 

+(3) 
v(1) -(4) +(4) +(3) 

v(1) +(4) Unidentified 

NMB 
11 -(2) -(2) -(2) -(2) +(2) -(2) +(2) -(2) -(2) -(2) +(2) -(2) v(2) -(2) -(2) +(2) +(2) +(2) +(2) -(2) +(2) +(2) +(2) Lactobacillus 
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NMB 
23 

-(3) 
+(1) 

-(3) 
+(1) -(4) -(4) -(4) -(4) +(1) 

-(3) -(4) +(1) 
-(3) -(4) +(4) -(4) +(1) 

-(3) 
v(1) 
-(3) -(4) +(4) -(4) -(4) +(4) -(4) -(3) 

+(1) 
-

(4) +(4) Enterococcus 
 

NMB 
20 

-(2) 
+(2) 

-(2) 
+(2) -(4) -(3) 

+(1) -(4) -(3 ) 
+(1) 

-(1) 
+(3) 

-(3) 
v(1) 

-(1) 
+(3) 

-(3 ) 
+(1) +(4) -(4) -(1) 

+(3) 
-(3) 
v(1) -(4) +(4) -(4) -(4) +(4) -(4) -(3) 

+(1) 
-(3) 
+(1) 

+(3) 
-(1) 

Pediococcus 
 

NMB 
22 

-(3) 
+(2) 

-(3) 
+(2) 

-(4) 
+(1) 

-(3) 
+(2) 

-(4) 
+(1) 

-(3) 
+(2) 

-(3) 
+(2) 

-(4) 
v(1) 

-(3) 
+(2) 

-(4) 
+(1) +(5) -(4) 

v(1) 
-(3) 
+(2) 

-(4) 
v(1) -(5) +(5) -(4) 

+(1) -(5) +(5) -(5) -(3) 
+(2) 

-(4) 
+(1) 

+(3) 
-(2) 

Leuconostoc 
 

AKB6 -(3) -(3) -(3) +(1) 
-(2) -(3) -(3) -(2) 

+(1) 
-(2) 
+(1) -(3) -(2) 

-(1) +(3) 
+(2) 
-(1) 

+(2) 
-(1) 

-(2) 
+(1) -(3) v(3) 

v(1) 
+(2) +(3) 

v(1) 
-(2) -(3) 

+(1) 
-(2) +(3) -(3) Pediococcus 

 

DMB4 +(3) +(2) 
-(1) 

+(1) 
-(2) 

+(2) 
-(1) +(3) -(2) 

+(1) 
+(2) 
v(1) +(3) +(3) -(3) +(3) +(3) -(3) +(1) 

-(2) -(3) +(3) -(3) -(3) +(3) -(3) -(3) +(3) +(2) 
-(1) 

Leuconostoc 
 

AKB3 +(3) -(3) -(3) 
v(1) 
+(2) -(3) v(1) 

+(2) v(3) +(3) -(3) +(3) +(3) -(3) -(3) +(3) +(3) +(3) -(3) -(3) -(3) -(3) 
v(1)-
(2) 

v(1)
-(2) +(3) Pediococcus 

 

DMB 
12 +(3) -(3) -(3) 

v(2) 
+(1) -(3) v(2) 

+(1) 
v(1) 
+(2) +(3) -(3) +(3) +(3) -(2) 

+(1) -(3) +(3) -(2) 
+(1) 

v(1) 
+(2) -(3) v(1) 

-(2) -(3) -(3) -(3) -
(3) +(3) Pediococcus 

 

DMB 
14 +(2) -(2) -(2) v(2) -(2) +(2) v(2) +(2) +(2) +(2) +(2) -(2) -(2) +(2) -(2) +(2) -(2) v(2) -(2) -(2) v(2) v(2) +(2) Pediococcus 

 

DMB 
11 +(5) -(5) -(5) 

v(3) 
+(2) -(5) v(2) 

+(3) 
v(3) 
+(2) +(5) -(5) +(5) +(5) -(3) 

+(2) -(5) +(5) +(3) 
-(2) 

v(2) 
+(3) -(5) v(2) 

-(3) 
-(2) 
+(3) -(5) 

v(3) 
-(2) 

v(2) 
-(3) 

v(2) 
+(3) 

Pediococcus 
 

DMB 
11 

-(1) 
+(3) 

+(3) 
-(1) 

-(3) 
+(1) 

-(3) 
+(1) +(4) +(2) 

-(2) +(4) +(4) +(4) -(4) +(4) +(4) +(1) 
-(2) 

-(3) 
+(1) +(4) +(4) -(4) -(4) +(3) –

(1) -(4) -(3) 
+(1) +4 +(3) 

-(1) 
Enterococcus 

 

DMB6 -(2) 
+(2) 

+(3) 
-(1) 

-(2) 
+(2) 

-(3) 
+(1) +(4) +(3) 

-(1) +(4) +(4) +(3) 
v(1) -(4) +(4) +(4) -(2) 

+(2) 
-(2) 
+(2) 

-(2) 
+(2) 

+(3) 
v(1) 

-(3) 
v(1) -(4) +(2) 

-(2) -(4) -(2) 
+(2) 

+(3) 
v(1) +(4) Enterococcus 
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DMB3 -(3) +(3) +(2) 
-(1) 

-(2) 
+(1) +(3) +(1) 

-(2) +(3) +(3) +(3) +(3) +(3) +(3) -(3) +(2) 
-(1) -(3) +(3) -(3) -(3) +(2) 

  -(1) -(3) -(3) +(3) +(3) Pediococcus 
 

DMB 
13 

-(2) 
+(1) +(3) +(2) 

-(1) +(3) +(3) -(3) +(3) +(3) +(2) 
v(1) +(3) +(3) +(3) -(3) +(2) 

-(1) -(3) +(2) 
v(1) 

-(2) 
v(1) -(3) +(3) -(3) -(3) +(2) 

v(1) +(3) Pediococcus 
 

DMB 
15 

-(3) 
+(1) 

+(3) 
-(1) 

+(3) 
-(1) 

-(3) 
+(1) +(4) +(1) 

-(3) 
+(3) 
v(1) +(4) +(4) -(2) 

+(2) +(4) +(4) +(1) 
-(3) 

+(3) 
-(1) +(4) +(4) -(4) -(4) +(4) -(4) -(3) 

+(1) +(4) +(2) 
-(2) 

Enterococcus 
 

DMB5 -(1) 
+(1) 

-(1) 
+(1) -(2) -(2) -(2) -(2) +(2) -(2) +(2) -(2) +(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) -

(2) +(2) unidentified 

SMB 
14 

+(3) 
-(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(2) 
+(2) 

+(3) -
(1) 

+(3) 
-(1) 

+(3) 
-(1) 

+(3) 
-(1) 

+(2) 
-(2) 

+(3) 
-(1) 

-(3) 
v(1) -(4) +(4) -(3) 

+(1) 
-(3) 
+(1) 

+(2) 
v(2) -(4) +(4) +(4) +(4) Bacillus 

SMB1 +(2) 
-(1) 

-(2) 
+(1) 

-(2) 
+(1) 

-(2) 
+(1) 

-(2) 
+(1) -(3) -(1) 

+(2) 
+(2) -

(1) 
+(2) 
-(1) 

+(2) 
-(1) 

+(2) 
-(1) 

+(2) 
-(1) 

+(2) 
-(1) -(3) -(3) +(3) -(2) 

+(1) -3 +(2) 
v(1) -(3) +(3) +(2) 

v(1) +(3) Bacillus 

SMB8 +(2) 
-(2) 

-(3) 
+(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(3) 
+(1) 

-(1) 
+(3) 

+(2)-
(2) 

-(3) 
+(1) 

+(3) 
-(1) 

+(3) 
-(1) 

+(2) 
-(2) 

+(2) 
-(2) -(4) -(4) +(4) -(3) 

+(1) 
-(3) 
+(1) 

+(3) 
v(1) -(4) +(4) +(2) 

v(2) +(4) Bacillus 

SMB 
11 -(2) +(2) +(2) -(2) +(2) -(2) +(2) +(2) +(2) -(2) +(2) +(2) -(2) +(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Leuconostoc 

SMB3 -(2) 
+(2) 

+(2) 
-(2) +(4) -(3) 

+(1) +(4) +(1) 
-(3) +(4) +(4) +(3) 

v(1) 
+(1) 
-(3) +(4) +(4) -(4) +(4) +(2) 

-(2) 
+(3) 
v(1) 

-(3) 
v(1) -(4) +(4) -(4) -(4) +(3) 

v(1) 
+(2) 
-(2) 

Enterococcus 
 

SMB 
15 -(2) +(2) +(2) -(2) +(2) -(2) +(2) +(2) +(2) -(2) +(2) +(2) -(2) +(2) +(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Enterococcus 

 

SMB 
21 

-(2) 
+(1) 

+(2) 
-(1) 

+(2) 
-(1) -(3) +(3) -(2) 

+(1) +(3) +(3) +(3) +(3) +(3) +(3) -(2) 
+(1) 

+(2) 
-(1) -(2) +(3) -(3) -(3) +(3) -(3) -(3) +(3) +(3) Staphylococcus 
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SMB5 -(2) 
+(1) +(3) +(2) 

-(1) 
-(2) 
+(1) +(3) -(2) 

+(1) +(3) +(3) +(3) +(3) +(3) +(3) -(3) +(2) 
-(1) -(2) +(3) -(3) -(3) +(3) -(3) -(3) +(3) +(3) Pediococcus 

 

SMB7 -(2) 
+(1) 

+(1) 
-(2) 

-(2) 
+(1)  

-(2) 
+(1) +(3) +(2) 

-(1) +(3) +(3) +(3) -(3) +(3) +(3) -(2) 
+(1) 

-(2) 
+(1) -(3) +(3) -(3) -(3) +(2) 

-(1) -(3) -(2) 
+(1) +(3) +(3) Leuconostoc 

 

SMB 
13-1 +(3) -(3) -(3) +(3) -(3) v(2) 

+(1) 
v(2) 
+(1) +(3) -(3) +(3) +(3) -(3) -(3) +(3) -(3) 

v(1) 
+(2) -(3) v(2)  

-(1) 
-(2) 
+(1) -(3) 

v(1) 
-(2) 

v(1) 
-

(2) 

v(1) 
+(2) 

Staphylococcus 
 

SMB9 +(3) -(3) -(3) +(3) -(3) +(3) -(3) +(3) +(3) +(3) +(3) +(3) -(3) +(3) +(3) +(3) -(3) -(3) -(3) -(3) +(3) +(3) +(3) Unidentified 

SMB 
22 -(3) +(3) +(3) +(3) -(3) -(3) -(3) -(3) +(3) +(3) +(3) -(3) -(3) +(3) -(3) +(3) +(3) +(3) +(3) -(3) +(3) +(3) +(3) Enterococcus 

 

SMB 
19 +(4) -(4) -(4) -(4) -(4) +(4) +(4) +(4) -(4) -(4) +(4) -(4) +(4) -(4) +(4) +(4) -(4) -(4) +(4) -(4) +(4) +(4) +(4) Bacillus 

 

SMB 
13 -(4) 

-(2) 
v(2) 

-(4) 
+(2) 
-(2) -(4) -(4) -(3) 

+(1) 
-(3) 
+(1) -(4) -(2) 

+(2) +(4) 
+(3) 
-(1) 

+(3) 
-(1) 

-(3) 
+(1) 

-(4) v(4) 
v(2) 
+(2) 

+(4) 
v(1) 
-(3) 

-(4) 
+(1) 
-(3) 

+(4) +(4) Staphylococcus 
 

BPB18 +(2) -
(1) 

+(2) 
-(1) 

+(1) 
-(2) -(3) +(3) +(2) 

-(1) +(3) +(3) +(3) -(3) +(3) +(3) -(3) +(1) 
-(2) +(3) +(3) -(3) -(3) +(2) -

(1) -(3) -(3) +(3) +(3) Enterococcus 
 

BPB 13 +(3) -(3) -(3) 
v(2) 
+(1) -(3) v(2) 

+(1) v(3) +(3) -(3) +(3) +(3) -(3) -(3) +(3) 
+(2) 
-(1) 

+(3) -(3) v(1) 
-(2) -(3) -(3) 

v(2) 
-(1) 

v(2) 
-

(1) 

v(2) 
+(1) Unidentified 

BPB4 -(2) 
+(1) 

+(2) 
-(1) 

+(2) 
-(1) -(3) +(3) +(1) 

-(2) +(3) +(3) +(3) +(3) +(3) +(3) +(1) 
-(2) 

+(2) 
-(1) -(3) +(3) -(3) -(3) +(3) -(3) -3 +(3) +(3) Pediococcus 

 

BPB7 +(2) -(2) -(2) -(2) -(2) -(2) +(2) +(2) +(2) +(2) +(2) +(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) -(2) +(2) +(2) +(2) Bacillus 
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BPB8 +(2) -(2) -(2) -(2) -(2) -(2) -(2) +(2) -2 +(2) +(2) +(2) +(2) -(2) -(2) +(2) +(2) +(2) +(2) -(2) +(2) +(2) +(2) Bacillus 

BPB1 -(1) 
+(2) 

-(1) 
+(2) 

-(2) 
+(1) 

-(2) 
+(1) 

-(2) 
+(1) 

-(2) 
+(1) 

-(1) 
+(2) -(3) -(1) 

+(2) -(3) +(3) -(2) 
v(1) 

-(1) 
+(2) 

-(1) 
v(2) -(3) +(3) -(1) 

+(2) -(3) +(3) -(3) -(2) 
+(1) -(3) +(2) 

-(1) 
Staphylococcus 

 

BPB 10 -(2) -(2) -(2) -(2) -(2) -(2) -(2) -(2) -(2) -(2) +(2) -(2) -(2) -(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) -(2) +(2) Pediococcus 
 

BPB 17 -(2) -(2) -(2) -(2) -(2) -(2) -(2) -(2) -(2) -(2) +(2) -(2) -(2) -(2) -(2) +(2) -(2) -(2) +(2) -(2) +(2) -(2) +(2) Leuconostoc 
 

BPB3 -(2) -(2) -(2) +(2) -(2) +(2) -(2) v(2) -(2) +(2) +(2) -(2) -(2) -(2) -(2) +(2) -(2) -(2) +(2) -(2) +(2) +(2) +(2) Pediococcus 
 

BPB 
11 -(2) +(2) +(2) -(2) +(2) -(2) +(2) +(2) +(2) +(2) +(2) +(2) -(2) +(2) +(2) +(2) +(2) -(2) -(1) 

+(1) -(2) -(2) +(2) +(2) Pediococcus 

-, negative; +, positive. Numbers in parenthesis () indicates the total number of representative isolates. 
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Table 5: Sugar fermentation and growth conditions of bacterial isolates from paa samples of Arunachal Pradesh 

R
ep

re
se

nt
at

iv
e 
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ol

at
es

 

Sugar fermentation 
Growth in/at 

Tentative 
identity 

NaCl pH Temperature 
(°C) 

C
el

lo
bi

os
e 

R
af
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os

e 

So
rb
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l  

A
ra

bi
no

se
 

M
el

lib
io

se
 

xy
lo

se
 

L
ac

to
se

 

R
ib

os
e 

M
el

iz
ito

se
 

Sa
lic

in
 

G
lu

co
se

 

Su
cr

os
e 

M
an

ni
to

l 

R
ha

m
no

se
 

A
es

cu
lin

 

5%
 

10
%

 

3.
6 

9.
6 

10
.6

 

15
°C

 

10
°C

 

45
°C

 

AOB5 -(3) -(1) +(2) +(2) 
-(1) 

-(2) 
+(1) +(3) +(2) 

-(1) +(3) +(3) +(3) +(3) +(3) +(3) +(1) 
-(2) 

+(2) 
-(1) -(3) +(3) -(3) -(3) +(3) -(3) -(3) +(3) +(3) Pediococcus 

 

AOB4 +(3) 
-(1) 

-(1) 
+(3) 

+(3) 
-(1) 

-(3) 
+(1) +(4) +(2) 

-(2) +(4) +(4) +(2) 
v(2) -(4) +(4) +(4) +(1) 

-(3) 
+(3) 
-(1) +(4) +(2) 

v(2) 
-(2) 
v(2) -(4) +(3) 

-(1) 
-(3) 
v(1) 

-(2) 
+(2) 

+(2) 
v(2) 

+(3) 
-(1) 

Enterococcus 
 

AOB2 -(2)       
+(2) 

+(3)   
-(1) 

+(3) 
-(1) 

-(3) 
+(1) +(4) +(1) 

-(3) +(4) +(4) +(4) +(3) 
-(1) +(4) +(4) -(4)  

+(3) 
-(1) -(4) +(4) -(4)  -(4)  +(4) -(3) 

v(1) 
-(3) 
+(1) +(4) +(3) 

-(1) unidentified 

AOB 
11 -(2) -(2) +(2) -(2) +(2) -(2) +(2) +(2) +(2) +(2) +(2) +(2) -(2) +(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Pediococcus 

 

-, negative; +, positive. Numbers in parenthesis () indicates the total number of representative isolates. 
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Table 6: Sugar fermentation and growth conditions of bacterial isolates from pee samples of Arunachal Pradesh 
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Tentative identity 

NaCl pH Temperature (°C ) 
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M
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m
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A
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5%
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%

 

3.
6 

9.
6 

10
.6

 

15
°C

 

10
°C

 

45
°C

 

AOB 
14 +(2) +(2) -(2) +(2) +(2) +(2) +(2) +(2) +(1) 

 v(1) -(2) +(2) +(2) -(2) -(2) -(2) +(1)  
v(1) 

-(1) 
 v(1) -(2) +(2) -(2) -(2) +(1)  

v(1) +(2) Enterococcus 
 

AOB 
19 -(3) -(3) -(3) +(3) -(3) -(3) -(3) +(3) -(3) -(3) +(3) -(3) -(3) +(3) -(3) +(v) 

(3) -(3) -(3) +(3) +(3) +(3) +(3) -(3) Unidentified 

MBV 
14 -(2) -(2) -(2) -(2) +(2) +(2) +(2) +(2) +(2) -(2) +(2) +(2) -(2) -(2) +(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Enterococcus 

 

AOB 
20 

+(2) 
-(1) -(3) -(3) -(3) +(3) -(3) +(3) +(2) 

-(1) 
+(2) 
-(1) -(3) +(3) +(2) 

 -(1) 
-(2) 
 v(1) -(3) -(3) +(3) -(2) 

 +(1) 
-(2)  
+(1) 

v(2) 
 +(1) -(3) +(3) +(3) +(3) Lactobacillus 

 

AOB 
15 +(2) +(2) -(2) +(2) +(2) +(2) +(2) +(2) +(1) 

 v(1) -(2) +(2) +(2) -(2) -(2) -(2) +(1) 
 v(1) 

-(1) 
 v(1) -(2) +(2) -(2) -(2) +(1)  

v(1) +(2) Enterococcus 
 

-, negative; +, positive. Numbers in parenthesis () indicates the total number of representative isolates. 

 



 104 

Table 7: Sugar fermentation and growth conditions of bacterial isolates from phut samples of Arunachal Pradesh 
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Sugar fermentation 
Growth in/at 

Tentative identity 

NaCl pH Temperature (°C) 
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AOB 
25 

+(2) 
-(1) +(3) +(2) 

-(1) 
-(2) 
 +(1) +(3) -(2) 

 +(1) +(3) +(3) +(3) -(3) +(3) +(3) -(3) -(2) 
 +(1) +(3) +(3) +(3) +(3) +(3) -(3) +(3) +(3) +(3) Enterococcus 

 

AOB 24 -(2 )  
+(1) 

+(1) 
-(2) 

-(2)  
+(1) 

-(2)  
+(1) +(3) -(3) +(3) +(3) +(3) +(3) +(3) +(3) -(1)  

+(2) 
-(2)  
+(1) -(3) -(3) -(3) -(3) +(3) -(3) -(3) +(3) +(3) Pediococcus 

 

AOB 26 -(2) +(2) +(2) -(2) +(2) -(2) +(2) +(2) +(2) -(2) +(2) +(2) -(2) +(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Pediococcus 
 

-, negative; +, positive. Numbers in parenthesis () indicates the total number of representative isolates. 
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Table 8: Sugar fermentation and growth conditions of bacterial isolates from phab samples of Bhutan. 
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Sugar fermentation 
Growth in/at 

Tentative identity 

NaCl pH Temperature (°C) 
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%

 

3.
6 
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6 

10
.6

 

15
°C
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°C

 

45
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BPB 
24 +(2) -(2) -(2) -(2) -(2) -(2) +(2) +(2) +(2) +(2) +(2) -(2) -(2) -(2) -(2) +(2) +(2) +(2) +(2) -(2) +(2) +(2) +(2) Bacillus 

BPB 31 -(2) +(2) -(2) +(2) +(2) +(2) +(2) +(2) +(2) +(2) +(2) +(2) -(2) -(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Pediococcus 
 

BPB 33 -(2) -(2) +(2) -(2) +(2) -(2) +(2) +(2) +(2) +(2) +(2) +(2) -(2) +(2) -(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Pediococcus 
 

BPB 21 -(2) +(2) +(2) +(2) +(2) -(2) +(2) +(2) +(2) -(2) +(2) +(2) -(2) +(2) +(2) +(2) -(2) -(2) +(2) -(2) -(2) +(2) +(2) Enterococcus 
 

-, negative; +, positive. Numbers in parenthesis () indicates the total number of representative isolates. 
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Table 9: Sugar fermentation and  IMViC test for tentative identification of Gram-negative bacteria from dry starters of the Eastern 
Himalayas 
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Starter 

Sugar fermentation IMViC test 

Tentative identity 
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se
 

A
es

cu
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In
do

le
 

M
R

 

V
P 

C
itr

at
e 

U
re

as
e 

N
itr

at
e 

BPB 
23 

Phab 
(Bhutan) +(3) -(3) -(3) +(3) -(3) +(3) -(3) -(1) 

+(2) -(3) -(1) 
+(2) +(3) +(3) +(3) +(3) -(3) -(3) v(3) +(3) +(3) +(3) +(3) Enterobacter 

BPB 
27 

Phab 
(Bhutan) +(2) -(2) -(2) +(2) -(2) +(2) -(2) +(2) -(2) -(2) +(2) +(2) +(2) +(2) -(2) -(2) v(2) +(2) +(2) +(2) +(2) Enterobacter 

BPB 
26 

Phab 
(Bhutan) +(3) -(3) 

-(1) 
+(2) 

+(3) -(3) +(3) -(3) -(1) 
+(2) -(3) -(3) +(3) +(3) +(3) +(3) -(3) -(3) v(3) +(3) +(3) +(3) +(3) Enterobacter 

AOB 
18 

Pee 
(Arunachal Pradesh)  

+(4) +(4) +(4) -(4) +(4) +(4) +(4) -(4) -(4) -(4) +(4) +(4) +(4) +(4) +(4) -(4) +(4) +(4) -(4) -(4) +(4) Citrobacter 

AOB 
48 

Phut  
(Arunachal Pradesh) -(3) -(3) -(3) +(3) -(3) -(3) -(3) +(3) -(3) -(3) +(3) -(3) -(3) -(3) -(3) -(3) -(3) -(3) -(3) -(3) -(3) Citrobacter 

AOB
9 

Paa 
(Arunachal Pradesh) +(3) -(3) -(3) -(3) -(3) -(3) +(3) +(3) -(3) -(3) +(3) -(3) v(3) -(3) +(3) -(3) -(3) -(3) +(3) -(3) v(3)  Citrobacter 

-, negative; +, positive. Numbers in parenthesis () indicates the total number of representative isolates. 
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Distribution of bacteria 

Distribution of tentatively identified bacteria in starter-wise based on phenotypic and 

biochemical tests are summarised: 

 

Marcha of Nepal: Lactobacillus, Pediococcus, Enterococcus, Leuconostoc and 

Unidentified. 

Marcha of India: Pediococcus, Leuconostoc, Enterococcus, Bacillus, Staphylococcus 

and Unidentified. 

Marcha of Bhutan: Enterococcus, Pediococcus, Bacillus, Staphylococcus, 

Leuconostoc and Unidentified. 

Paa of Arunachal Pradesh: Pediococcus, Enterococcus, Citrobacter and 

Unidentified. 

Pee of Arunachal Pradesh: Lactobacillus, Enterococcus, Citrobacter and 

Unidentified. 

Phut of Arunachal Pradesh: Enterococcus, Citrobacter and Pediococcus. 

Phab of Bhutan: Pediococcus, Enterococcus, Enterobacter and Bacillus. 

 

Sixty-eight representative strains of bacteria were randomly selected from 201 isolates 

on the basis of cell morphology, Gram stain, growth at different NaCl concentration, 

pH, temperatures, sugar fermentations and IMViC test for Gram-negative bacteria 

(Table 10). 
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Table 10: Representative strains from dry starters of the Eastern Himalayas 

Starter Place Isolate Code (n=201) Representative isolates (n=68) 

Marcha Nepal 

NMB3, NMB1, NMB8, NMB2, NMB4, NMB7, NMB 24, NMB 25, NMB33, 

NMB36, NMB12, NMB16, NMB17, NMB13, NMB21, NMB10, NMB15, 

NMB37, NMB38, NMB11, NMB40, NMB23, NMB 30, NMB31, NMB41, 

NMB19, NMB20, NMB32, NMB50, NMB22, NMB27, NMB28, NMB39, 

NMB46 

NMB3, NMB8, NMB7, NMB12, 

NMB13, NMB10, 

NMB11,NMB23, NMB20,  

NMB22, 

Marcha 
India 

(Darjeeling 
hills) 

AKB6, DMB28, DMB4, DMB25, DMB30, AKB3, DMB 1, DMB9, DMB10, 

DMB12, DMB14, DMB33, DMB17, DMB32, DMB36, DMB11, DMB8, DMB5, 

DMB2, DMB29, DMB38, DMB6, DMB7, DMB24, DMB31, DMB19, DMB35, 

DMB3, DMB13, DMB23, DMB26, DMB15, DMB18, DMB21, DMB22, 

DMB34, DMB27, DMB 16 

DMB4, AKB6, AKB3, DMB11, 

DMB12, DMB14, DMB5, DMB6, 

DMB3, DMB13,   DMB15 

Marcha India 
(Sikkim) 

SMB13, SMB17, SMB33, SMB46, SMB57, SMB20, SMB22, SMB39, SMB17,  

SMB13-1 , SMB33, SMB9, SMB 24, SMB30, SMB44, SMB56, SMB19, SMB15, 

SMB23, SMB34, SMB43, SMB21, SMB5, SMB6, SMB35, SMB7, SMB31, 

SMB38, SMB11, SMB18, SMB3, SMB4, SMB25, SMB45, SMB1, SMB2, 

SMB49, SMB36, SMB 40, SMB 8, SMB52, SMB14, SMB16, SMB32, SMB42, 

SMB10, SMB12, SMB26, SMB29 

SMB13, SMB22, SMB13-1,  

SMB9, SMB19, SMB15, SMB21, 

SMB5, SMB7, SMB11, SMB3, 

SMB1, SMB 8, SMB14 
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Marcha Bhutan 
BPB 30, BPB 18, BPB 13, BPB22, BPB4, BPB16, BPB7, BPB34, BPB8, BPB1, 

BPB6, BPB20, BPB 10, BPB17, BPB 19, BPB3, BPB11, BPB29 

BPB 18, BPB 13, BPB4, BPB7, 

BPB8, BPB1, BPB 10, BPB17, 

BPB3, BPB11 

Paa 
India 

(Arunachal 
Pradesh) 

AOB1, AOB4, AOB6, AOB3, AOB5, AOB8, AOB2, AOB29, AOB11, AOB38, 

AOB9, AOB12 

AOB4, AOB5, AOB2,AOB11, 

AOB9 

Pee 
India 

(Arunachal 
Pradesh) 

AOB39, AOB14, AOB23, AOB15, AOB46, AOB40, AOB30, AOB16, AOB19, 

MBV14, AOB17, AOB20, AOB28, AOB10, AOB18, AOB33, AOB42 

AOB14,AOB15, 

AOB19,MBV14,AOB20, AOB18 

Phut 
India 

(Arunachal 
Pradesh) 

AOB 25, AOB32, AOB36, AOB24, AOB 49, AOB51, AOB26, AOB43, AOB 44, 

AOB45, AOB48 
AOB 25, AOB24, AOB26, AOB48 

Phab Bhutan 

BPB31, BPB32, BPB 33, BPB44, BPB21, BPB35, BPB24, BPB36, BPB12, 

BPB23, BPB 25, BPB 27, BPB28, BPB41, BPB9, BPB26, BPB39, BPB2, 

BPB43, BPB5, BPB38, BPB40, 

BPB31, BPB 33, BPB21, BPB24, 

BPB23, BPB 27, BPB26 
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GENOTYPIC CHARACTERIZATION 

Molecular Identification of Bacterial Isolates by 16S rRNA Gene Sequencing  

Genomic DNA of each isolate from 68 representative bacterial strains was extracted 

and PCR products were prepared and were amplified. The amplified gene was then 

sequenced using Sanger sequencing method or Chain-termination DNA sequencing 

method (Sanger et al. 1977; Heather and Chain 2016). The sequences retrieved from 

16S rRNA gene sequencing were assigned the nucleotide accession numbers which 

were deposited in GeneBank-NCBI. The identification of bacterial isolates were done 

by comparing the sequences obtained with those available in GeneBank NCBI 

database using BLAST 2.0 program. Phylogenetic tree was constructed using the 

Neighbour-joining method with 1000 replicates bootstrap values (Figure 9). Genera 

with species/sub-species isolated from traditionally prepared dry starters of the Eastern 

Himalayan regions of Nepal, India and Bhutan were identified by 16S rRNA gene 

sequence based on Basic Local Alignment Search Tool (BLAST) (Table 11-12). 
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Figure 9: Phylogenetic tree of nucleotide sequences of 68 bacterial isolates from 35 
different samples of dry starter of the Eastern Himalayas based on 16S rRNA 
sequencing. The tree was constructed by the Neighbour-joining method (Gascuel and 
Steel 2006) with bootstrap values for 1000 replicates shown at the nodes of the tree 
using MEGA-7 (Kumar et al. 2016). The optimal tree with the sum of branch length = 
0.98855936 is shown. The evolutionary distances were computed by the Maximum 
Composite Likelihood method (Varin et al. 2011) and are in the units of the number of 
nucleotide substitutions per site. All positions containing gaps and missing data were 
eliminated. There were 308 total positions in the final dataset. 
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Table 11: Identification of LAB isolates from dry starters of the Eastern Himalayas based on 16S rRNA genes sequencing 

Starter Isolate 
code Identity Type species (% similarity) GenBank Accession 

No. 
Size (base 

pair) 
Marcha 

(Darjeeling) AKB6 Leuconostoc mesenteroides Leuconostoc mesenteroides ATCC 8293 (99.54%) MK748250 1315 

Marcha 
(Bhutan) BPB18 Enterococcus durans Enterococcus durans JCM 8725 16S (99.52%) MK748251 1254 

Marcha 
(Darjeeling) DMB4 Enterococcus durans Enterococcus durans JCM 8725 (99.55%) MK748252 1325 

Marcha 
(Sikkim) SMB13-7 Leuconostoc mesenteroides Leuconostoc mesenteroides ATCC 8293 (99.55%) MK748253 1339 

Marcha 
(Darjeeling) AKB3 Pediococcus acidilactici Pediococcus acidilactici DSM 20284 (99.62%) MK748254 833 

Pee(Arunach
al Pradesh) AOB14 Enterococcus durans Enterococcus durans JCM 8725 (99.62%) MK748255 1333 

Pee 
(Arunachal 
Pradesh) 

AOB15 Enterococcus faecium Enterococcus faecium DSM 20477 (98.11%) MK748256 1430 

Phut(Arunac
hal Pradesh) AOB25 Enterococcus faecium Enterococcus faecium DSM 20477 (99.71%) MK748258 1406 

Paa 
(Arunachal 
Pradesh) 

AOB4 Enterococcus faecium Enterococcus faecium DSM 20477 (99.38%) MK748259 1460 

Marcha 
(Bhutan) BPB11 Enterococcus faecium Enterococcus faecium DSM 20477 (98.91%) MK748260 1476 

Phab 
(Bhutan) BPB31 Enterococcus faecium Enterococcus faecium DSM 20477 (99.28%) MK748264 1390 

Phab 
(Bhutan) BPB33 Enterococcus faecium Enterococcus faecium DSM 20477 (99.51%) MK748265 1432 

Marcha 
(Darjeeling) DMB11 Enterococcus durans Enterococcus durans JCM 8725(99.78%) MK748267 1342 
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Marcha 
(Darjeeling) DMB12 Pediococcus acidilactici Pediococcus acidilactici DSM 20284 (99.59%) MK748268 1462 

Marcha 
(Darjeeling) DMB6 Enterococcus durans Enterococcus durans JCM 8725 (99.38%) MK748269 1443 

Pee 
(Arunachal 
Pradesh) 

MBV14 Enterococcus durans Enterococcus durans JCM 8725 (99.86%) MK748270 1436 

Marcha 
(Sikkim) SMB15 Enterococcus faecium Enterococcus faecium DSM 20477  (99.86%) MK748274 1447 

Marcha 
(Sikkim) SMB21 Enterococcus faecium Enterococcus faecium DSM 20477 (99.64%) MK748276 1400 

Marcha 
(Sikkim) SMB5 Enterococcus faecium Enterococcus faecium DSM 20477 (99.78%) MK748277 1391 

Marcha 
(Sikkim) SMB7 Enterococcus durans Enterococcus durans JCM 8725 (98.71%) MK748278 1158 

Paa 
(Arunachal 
Pradesh) 

AOB5 Enterococcus faecalis Enterococcus faecalis ATCC 19433(T) (99.86%) MK202997 1421 

Marcha 
(Bhutan) BPB13 Pediococcus pentosaceus Pediococcus pentosaceus DSM 20336(T) (99.73%) MK203008 1456 

Phab 
(Bhutan) BPB21 Enterococcus durans Enterococcus durans NBRC 100479(T) (99.79%) MK203010 1430 

Marcha 
(Bhutan) BPB4 Enterococcus durans Enterococcus durans NBRC 100479(T)  (99.65%) MK203013 1437 

Marcha 
(Darjeeling) DMB3 Enterococcus durans Enterococcus durans NBRC 100479(T) (99.72%) MK203015 1441 

Phut 
(Arunachal 
Pradesh) 

AOB24 Enterococcus hirae Enterococcus hirae ATCC 9790(T) (99.86 %.) MK202998 1411 

Marcha 
(Darjeeling) DMB13 Enterococcus durans Enterococcus durans NBRC 100479(T)  (99.58%) MK203017 1433 

Marcha 
(Darjeeling) DMB14 Pediococcus acidilactici Pediococcus acidilactici DSM 20284(T) (99.52%) MK203018 1461 
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Marcha 
(Darjeeling) DMB11 Pediococcus acidilactici Pediococcus acidilactici DSM 20284(T) (99.66%) MK203019 1456 

Marcha 
(Darjeeling) DMB15 Enterococcus durans Enterococcus durans NBRC 100479(T) (99.72%) MK203020 1437 

Marcha 
(Nepal) NMB3 Lactobacillus pentosus Lactobacillus pentosus DSM 20314(T) (97.44%) MK203022 1276 

Marcha 
(Nepal) NMB8 Lactobacillus plantarum subsp. 

plantarum 
Lactobacillus plantarum subsp. plantarum ATCC 

14917(T) (99.65%) MK203024 1441 

Phut 
(Arunachal 

Pradesh) 
AOB26 Enterococcus lactis Enterococcus lactis BT159 (T) (98.0 %) MK202999 1398 

Marcha 
(Nepal) NMB7 Lactobacillus plantarum subsp. 

plantarum 
Lactobacillus plantarum subsp. plantarum ATCC 

14917(T) (100%) MK203027 1435 

Marcha 
(Sikkim) SMB9 Weissella cibaria Weissella cibaria KACC 11862(T) (99.66%) MK203028 1455 

Marcha 
(Sikkim) SMB13-1 Pediococcus pentosaceus Pediococcus pentosaceus DSM 20336(T) (99.79%) MK203029 1433 

Paa 
(Arunachal 

Pradesh) 
AOB2 Enterococcus faecalis Enterococcus faecalis ATCC 19433(T) (99.79%). MK203002 1420 

Paa 
(Arunachal 

Pradesh) 
AOB11 Enterococcus faecalis Enterococcus faecalis ATCC 19433(T) (99.58%). MK203003 1421 

Marcha 
(Sikkim) SMB11 Enterococcus durans Enterococcus durans JCM 8725  (96.44%) MK752677 1432 

Marcha 
(Sikkim) SMB3 Enterococcus faecalis Enterococcus faecalis NBRC 100480 (97.42%) MK752675 1123 

 

ATCC, American Type Cell Culture; JCM, Japan Collection of Microorganisms; DSM, Deutsche Sammlung von Mikroorganismen;  MCCC, 
Microbial Culture Collection;  NBRC, Biological Resource Centre, NITE;  CCM, Czech collection of microorganisms;  KACC, Korean 
Agricultural Culture Collection;  YIM, Yunnan Institute  of Microbiology;   KCTC, Korean Collection for Type Cultures; NRRL, Agricultural 
Research Service Culture Collection. 
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Table 12: Identification of non-LAB and Gram-negative bacteria from dry starters of the Eastern Himalayas based on 16S rRNA gene 
sequencing 

Starter Isolate 
code Identity Type species (% similarity) GenBank 

Accession No. 
Size  

(base pair) 
Phut 

(Arunachal 
Pradesh) 

AOB 48 Pseudomonas putida Pseudomonas putida KT2440 (99.85%) MK203004 1379 

Pee 
(Arunachal 

Pradesh) 
AOB18 Klebsiella pneumoniae Klebsiella pneumoniae DSM 30104 (99.3%) MK748257 1439 

Phab 
(Bhutan) BPB 23 Enterobacter hormaechei subsp. 

xiangfangensis Enterobacter hormaechei subsp. xiangfangensis 10-17 (99.58%) MK748261 1431 

Phab 
(Bhutan) BPB 27 Enterobacter hormaechei subsp. 

xiangfangensis Enterobacter hormaechei subsp. xiangfangensis 10-17 (98.88%) MK748263 1446 

Phab 
(Bhutan) BPB 26 Enterobacter hormaechei subsp. 

steigerwaltii 
Enterobacter hormaechei subsp. steigerwaltii DSM 16691(T) 

(99.23%) MK203011 1422 

Paa 
(Arunachal 

Pradesh) 
AOB 9 Stenotrophomonas maltophilia Stenotrophomonas maltophilia MTCC 434(T) (99.79%) MK203000 1416 

Marcha 
(Nepal) NMB10 Bacillus zhangzhouensis Bacillus zhangzhouensis DW5-4(T) (99.58%) MK203023 1432 

Marcha 
(Nepal) NMB23 Staphylococcus xylosus Staphylococcus xylosus CCM 2738(T) (99.86%) MK203021 1426 

Phab 
(Bhutan) BPB24 Bacillus albus Bacillus albus MCCC 1A02146 (99.02%) MK748262 1437 
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Marcha 
(Bhutan) BPB8 Bacillus circulans Bacillus circulans NBRC 13626 (98.64%) MK748266 1412 

Marcha 
(Nepal) NMB11 Bacillus cereus Bacillus cereus ATCC 14579 (100%) MK748271 1460 

Marcha 
(Nepal) NMB12 Brevibacterium frigoritolerans Brevibacterium frigoritolerans DSM 8801 (99.72%) MK748272 1426 

Marcha 
(Nepal) NMB13 Brevibacterium frigoritolerans Brevibacterium frigoritolerans DSM 8801 (100%) MK748273 1388 

Marcha 
(Sikkim) SMB19 Lysinibacillus boronitolerans Lysinibacillus boronitolerans NBRC 103108 (99.59%) MK748275 1220 

Marcha 
(Bhutan) BPB1 Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (99.72%) MK203006 1437 

Marcha 
(Bhutan) BPB10 Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (99.79%) MK203007 1432 

Marcha 
(Bhutan) BPB17 Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (99.72%) MK203009 1429 

Marcha 
(Bhutan) BPB3 Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (98.92%) MK203012 1490 

Marcha 
(Bhutan) BPB7 Bacillus nitratireducens Bacillus nitratireducens 4049(T) (99.36%) MK203014 1404 

Marcha 
(Darjeeling) DMB5 Staphylococcus hominis subsp. 

hominis Staphylococcus hominis subsp. hominis DSM 20328 (T) (99.93%) MK203016 1425 
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Marcha 
(Nepal) NMB20 Staphylococcus gallinarum Staphylococcus gallinarum ATCC 35539 (T) (99.86%) MK203025 1437 

Marcha 
(Nepal) NMB22 Staphylococcus sciuri Staphylococcus sciuri DSM 20345 (T) (99.65%) MK203026 1439 

Marcha 
(Sikkim) SMB22 Micrococcus yunnanensis Micrococcus yunnanensis YIM 65004 (T) (99.64%) MK203030 1379 

Marcha 
(Sikkim) SMB1 Bacillus subtilis subsp.inaquosorum Bacillus subtilis subsp. inaquosorum KCTC 13429 (T) (99.65%) MK203031 1425 

Marcha 
(Sikkim) SMB8 Bacillus pseudomycoides Bacillus pseudomycoides AFS041167 (99.93%) MK203032 1407 

Pee 
(Arunachal 

Pradesh) 
AOB19 Kocuria rosea Kocuria rosea DSM 20447 (T) (99.79%.) MK203001 1399 

Pee 
(Arunachal 

Pradesh) 
AOB20 Bacillus subtilis subsp.inaquosorum Bacillus subtilis subsp. inaquosorum KCTC 13429 (T) (99.79%) MK203005 1431 

Marcha 
(Sikkim) SMB14 Bacillus nakamurai Bacillus nakamurai NRRL B-41091 (96.65%) MK752676 1103 

ATCC, American Type Cell Culture; JCM, Japan Collection of Microorganisms; DSM, Deutsche Sammlung von Mikroorganismen;  MCCC, 
Microbial Culture Collection;  NBRC, Biological Resource Centre, NITE;  CCM, Czech collection of microorganisms;  KACC, Korean 
Agricultural Culture Collection;  YIM, Yunnan Institute  of Microbiology;   KCTC, Korean Collection for Type Cultures; NRRL, Agricultural 
Research Service Culture Collection. 
 

 

 

 

 



 118 

Occurrence of three phyla of bacteria was observed in the samples of marcha, paa, 

pee, phut and phab according to the results obtained from 16S rRNA sequencing. 

Phylum Firmicutes (85%) was found to be dominant followed by Proteobacteria (9%) 

and Actinobacteria (6%), respectively (Figure 10). In marcha samples of Nepal, 

dominance of phylum Firmicutes represented by 80% of the total isolates followed by 

Actinobacteria (20%) was observed. Bacteria belonging to phylum Proteobacteria 

were not recorded in marcha of Nepal. 100% dominance of phylum Firmicutes was 

observed in marcha samples of Darjeeling and Bhutan. In marcha sample of Sikkim, 

dominance of phylum Firmicutes (92%) followed by Actinobacteria (8%) was found. 

A variable distribution pattern of phyla was observed in dry starters of Arunachal 

Pradesh; phylum Firmicutes (80%) and phylum Proteobacteria (20%) was observed in 

paa samples, pee showed phylum Firmicutes (67%), phylum Proteobacteria (16%) 

and phylum Actinobacteria (17%), and phut samples showed phylum Firmicutes 

(75%) and phylum Proteobacteria (25%). Similarly, Firmicutes (57%) was the 

dominant phylum followed by phylum Proteobacteria (43%) in phab of Bhutan 

(Figure 11). 
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    Figure 10: Overview of phyla distribution of bacteria in starters of the Eastern 
Himalayan. 
 

Figure 11: Phyla distribution of bacteria in different starters of the Eastern                     
Himalayan. 
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In genus and species level, 15 genera with 32 species of bacteria were identified which 

included  Leuconostoc (3%), Enterococcus (41%), Bacillus (13%), Staphylococcus 

(12%), Lactobacillus (5%), Enterobacter (4%), Klebsiella (2%), Pseudomonas (2%), 

Pediococcus (9%), Strenotrophomonas (2%), Kocuria (2%), Brevibacterium (3%), 

Lysinibacillus (2%), Weisella (2%) and Micrococcus (2%) (Figure 12).  
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Figure 12: Percentage occurrence of different bacterial species in various starters of the Eastern Himalayas.
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In marcha samples of Nepal, Brevibacterium frigoritolerans (20%) and Lactobacillus 

plantarum (20%) were found to be the dominant bacterial species (Figure 13). In 

marcha samples of Darjeeling and Sikkim Enterococcus durans and Enterococcus 

faecium were found to be the dominant species with percentage occurrence of 55% and 

22% respectively (Figure 14, 15). In samples of Arunachal Pradesh, Enterococcus 

faecium was found to be the dominant species with percentage occurrence of 20% 

(Figure 16). Staphylococcus warneri represented by 24% of the total isolates was the 

dominant bacterium in starter sample marcha of Bhutan (Figure 17). 

 

 

Figure 13: Percentage occurrence of different bacterial species in marcha of Nepal. 
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Figure 14: Percentage occurrence of different bacterial species in marcha of 
Darjeeling. 
 

 

 

Figure 15: Percentage occurrence of different bacterial species in marcha of Sikkim. 
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Figure 16: Percentage occurrence of different bacterial species in paa, pee and phut of 
Arunachal Pradesh. 
 

 

Figure 17: Percentage occurrence of different bacterial species in marcha and phab of 
Bhutan. 
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The lactic acid bacteria (LAB) represented 59% of total bacterial isolates, whereas 

non-LAB were 31% and Gram-negative bacteria were 9% of the total bacterial isolates 

(Table 13, Figure 18). Lactic acid bacterial species found in this study were 

Enterococcus durans, E. faecium, E. faecalis, E. hirae, E. lactis, Pediococcus 

acidilacti, P. pentosaceus, Lactobacillus plantarum subsp. plantarum, L. pentosus, 

Leuconostoc mesenteroides and Weissella cibaria. Enterococcus durans was found to 

be the most dominant species represented by 18% followed by E. faecium represented 

by 13% of total bacterial isolates. Enterococcus durans was the most dominant species 

in marcha samples of Darjeeling (54.5%) whereas Pediococcus pentocaseus (5.8%) 

showed the lowest prevalence in marcha samples of Bhutan. LAB were found in all 

samples with the highest occurrence in marcha samples of Darjeeling (91%) and 

lowest in marcha of Nepal (30%). 

Table 13: Percentage distribution of LAB, non LAB and Gram negative bacteria in 
various dry starter samples of the Eastern Himalayas  

Region Lactic acid 
bacteria 

Non Lactic acid 
bacteria 

Gram negative 
bacteria 

Nepal 30% 70% 0 

Darjeeling 91% 9% 0 

Sikkim 64% 36% 0 

Arunachal Pradesh 67% 13% 20% 

Bhutan 41% 41% 18% 
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Figure 18: Percentage occurrence of LAB, non-LAB and Gram-negative bacteria in 
various starters of the Eastern Himalayas. 
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The non-LAB were represented by Bacillus subtilis subsp. inaquosorum, B. circulans, 

B. albus, B. cereus, B. nakamurai, B. nitratireducens, B. pseudomycoides, B. 

zhangzhouensis, Kocuria rosea, Staphylococcus hominis subsp. hominis, S. warneri, S. 

gallinarum, S. sciuri, Lysinibacillus boronitolerans, Brevibacterium frigoritolerans 

and Micrococcus yunnanensis (Table 14). The highest occurrence of non-LAB group 

of bacteria (70%) was found in marcha samples of Nepal and lowest in marcha 

samples of Darjeeling (9%) (Table 14). This group of bacteria was not found in 

samples of paa and phut of Arunachal Pradesh and in marcha samples of Bhutan 

(Table 14). 

Some Gram negative bacteria (9%) were also found in dry starter samples of 

Arunachal Pradesh and Bhutan in this study. Stenotrophomonas maltophilia was found 

in paa sample, Klebsiella pneumonia in pee sample, Pseudomonas putida in phut 

sample, and Enterobacter hormaechei subsp. xiangfangensis and E. hormaechei subsp. 

steigerwaltii in samples of phab of Bhutan (Table 14). Interestingly we could not 

detect Gram negative isolates in any sample of marcha (Table 14, Figure 18). 
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Table 14: Distribution of LAB, Non-LAB and Gram negative bacteria in the dry 
starters of the Eastern Himalayas  
Country/ 

place 
Dry Starter Bacterial species 

Nepal Marcha 

LAB Lactobacillus pentosus; Lb. plantarum subsp. plantarum 

Non LAB Bacillus cereus; Brevibacterium frigoritolerans; S. sciuri; 
Staphylococcus xylosus; B. zhangzhouensis; S. gallinarum 

Gram -ve 
bacteria NF 

India, 
Darjeeling Marcha 

LAB Enterococcus durans; Pediococcus acidilactici; Leuconostoc 
mesenteroides 

Non LAB Staphylococcus hominis subsp. hominis 

Gram -ve 
bacteria NF 

India, 
Sikkim Marcha 

LAB: 
Leuconostoc mesenteroides; Enterococcus faecium; E.durans; 
Weissella cibaria; Pediococcus pentosaceus; E.faecalis;  
E.durans 

Non LAB 
Lysinibacillus boronitolerans; Micrococcus yunnanensis; 
Bacillus subtilis subsp. inaquosorum; B.pseudomycoides; 
B.nakamurai 

Gram -ve 
bacteria NF 

India, 
Arunachal 

Pradesh 

 
Paa  

LAB Enterococcus faecalis; E. faecium 

Non LAB NF 
Gram -ve 
bacteria Stenotrophomonas maltophilia 

India, 
Arunachal 

Pradesh 
Pee 

LAB Enterococcus durans; E. faecium 

Non LAB Kocuria rosea; Bacillus subtilis subsp. inaquosorum 

Gram -ve 
bacteria Klebsiella pneumoniae 

India, 
Arunachal 

Pradesh 
Phut 

LAB Enterococcus hirae; E.lactis; E. faecium 
Non LAB NF 
Gram -ve 
bacteria Pseudomonas putida 

Bhutan 

Marcha 

LAB Pediococcus pentosaceus;Enterococcus durans;E. faecium 

Non LAB Staphylococcus warneri; Bacillus nitratireducens; B.circulans 

Gram -ve 
bacteria NF 

Phab 

LAB Enterococcus durans; E. faecium 

Non LAB Bacillus albus 

Gram -ve 
bacteria 

Enterobacter hormaechei subsp. xiangfangensis, Enterobacter 
hormaechei subsp. steigerwaltii 

LAB, Lactic acid bacteria; -ve, negative; NF, not found.   
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DIVERSITY INDICES 

Diversity indices of bacteria in dry starters of the Eastern Himalayas which included 

Shannon diversity index H, Simpson’s index, Dominance and Chao1 index were 

calculated (Table 15). The H index value was recorded as 2.025, 1.121, 2.305, 2.176 

and 1.925 for dry starters of Nepal, Darjeeling, Sikkim, Arunachal Pradesh and 

Bhutan, respectively (Table 15). The H index value was highest in marcha of Sikkim 

(H: 2.305) and lowest in marcha of Darjeeling (H:1.121). Simpson’s diversity index 

(1-D) values were recorded as 0.8878, 0.8711, 0.86, and 0.8374 for dry starters of 

Sikkim, Arunachal Pradesh, Nepal and Bhutan, respectively. Chao 1 index which gives 

the estimation of species richness based on abundance was found to be highest in 

marcha samples of Sikkim (29) and lowest in marcha samples of Darjeeling (5). The 

dominance D values which is inversely proportional to the species diversity were 

recorded highest for marcha samples of Darjeeling (0.3884) and lowest for marcha 

samples of Sikkim (0.1122) indicating a very rich and diverse ecosystem in marcha of 

Sikkim (Figure 19). 
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Figure 19: Bacterial diversity indices of starters of the Eastern Himalayas. 

Table 15: Diversity indices of different dry starters of the Eastern Himalayas 

Country/ 

Region 

Diversity indices 

Simpson’s 

index (1-D) 

Shannon’s index 

(H) 

Dominance 

(D) 
Chao-1 

Nepal 0.86 2.025 0.14 13 

India (Darjeeling hills) 0.6116 1.121 0.388 5 

India (Sikkim) 0.8878 2.305 0.112 29 

India (Arunachal 

Pradesh) 
0.8711 2.176 0.1289 20.5 

Bhutan 0.8374 1.925 0.1626 14 
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HIGH-THROUGHPUT SEQUENCING OF BACTERIAL COMMUNITY  

We selected only marcha sample of Sikkim for high-throughput sequencing (HTS) to 

profile the bacterial community, due to cost effective in analysis HTS, and also easy 

availability of marcha samples in Sikkim. Approximately 0.85 million quality reads 

were obtained in HTS results of marcha which were used for further analysis. The 16S 

rRNA amplicon sequencing results showed the occurrence of 15 bacterial phyla in 

marcha samples of Sikkim (Figure 20). Phylum Proteobacteria (53.8%) and 

Firmicutes (45.4%) were major bacterial phyla in marcha. The other minor phyla 

which constituted 0.8% of the total bacterial phyla in marcha were Actinobacteria, 

Deinococcus, Thermus, Chloroflexi, Synergistetes, Cyanobacteria, Bacteroidetes, 

Verrucomicrobia, Fusobacteria, Planctomycetes, Acidobacteria, Saccharibacteria, 

Gemmatimonadetes and Armatimonadetes. 

Family level distribution of bacteria in marcha samples of Sikkim revealed the 

occurrence of 6 major bacteria family. Based on the operational Taxonomic Units 

(OUTs) at >1% abundance family levels were detected. Acetobacteraceae (50.6%) was 

found to be the most dominant family in marcha samples followed by 

Leuconostocaceae (25.5%), Streptococcaceae (10.5%), Lactobacillaceae (8.38%), 

Burkholderiaceae (2.13%) and Staphylococcaceae (0.54%) (Figure 20). 

At genus level 13 different bacterial genera were detected in marcha samples 

considering OUTs at >1% abundance (Figure 21). Acetobacter (52.6%) was found the 

most dominant genus in marcha of Sikkim followed by Fructobacillus (21.1%), 

Lactococcus (10.3%), Lactobacillus (8.4%), Leuconostoc (4.0%), Burkholderia (2.1%) 

and Gluconacetobacter (1.4%). Bacterial genera with percentage composition of less 

than 3.9% such as Citrobacter, Cronobacter, Enterobacter, Escherichia, Shigella and 

Pantoea are not shown in the Figure 21. 
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Figure 20: Phyla and family distribution of bacteria in marcha of Sikkim according to 
the High Throughput Sequencing result. 

 
Figure 21: Distribution of bacterial genera in marcha of Sikkim. 
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Alpha Diversity 

The alpha diversity indices for bacterial diversity were computed. The average Goods 

coverage for HTS was 99.08% (mean) ± 0.1% (SD), whereas the Shannon index for 

bacterial diversity in marcha was calculated as 4.01115959 and Simpson’s diversity 

index was recorded as 0.866763863. The Chao1 index which gives the bacterial 

species richness was recorded to be 1520.925 in the marcha samples.  

 

Overall Profile of Bacteria in Dry Starters 

Identification of bacteria obtained from results of culture dependent (phenotypic 

characterizations and 16S rRNA sequencing) and culture independent (high throughput 

sequencing) was compared (Table 16). In culture-dependent study of bacterial 

diversity of marcha samples of Sikkim we found the dominance of phylum Firmicutes 

represented by 93% of the total bacterial phyla. Phylum Actinobacteria was found as a 

minor phyla represented by 7% of the total bacterial phyla. In the culture-independent 

study we found the dominance of phylum Proteobacteria (53.8%) followed by 

Firmicutes (45.4%) which were the major bacterial phyla of marcha and minor phyla 

(0.8%) Actinobacteria, Deinococcus, Thermus, Chloroflexi, Synergistetes, 

Cyanobacteria, Bacteroidetes, Verrucomicrobia, Fusobacteria, Planctomycetes, 

Acidobacteria, Saccharibacteria, Gemmatimonadetes and Armatimonadetes. 

In culture-dependent study of marcha samples of Sikkim, 7 genera of bacteria were 

found; Leuconostoc, Enterococcus, Bacillus, Pediococcus, Lysinibacillus, Weisella and 

Micrococcus with the dominance of genus Enterococcus (41%) (Table 16). However, 

13 genera of bacteria: Acetobacter, Fructobacillus, Lactococcus, Lactobacillus, 

Leuconostoc, Burkholderia, Gluconacetobacter, Citrobacter, Cronobacter, 

Enterobacter, Escherichia, Shigella and Pantoea were recovered by high-throughput 
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sequencing result of marcha of Sikkim with the dominance of genus Acetobacter 

(52.6%) (Table 16). Acetic acid bacteria were not recovered in culture-dependent study 

however; two genera of acetic acid bacteria Acetobacter and Gluconacetobacter were 

found in culture-independent study (Table 16). High occurrence of Gram-negative 

bacteria such as Acetobacter, Burkholderia, Gluconacetobacter, Citrobacter, 

Cronobacter, Enterobacter, Escherichia, Shigella and Pantoea was found in culture-

independent study. Gram-negative bacteria were not found in culture-dependent study 

of marcha of Sikkim (Table 16). 

  



 135 

Table 16: Profile of bacterial species in traditionally prepared dry starters of the Eastern Himalayan region of Sikkim revealed by 
Culture-dependent and Culture-independent Methods 
 

Starters 

Culture-dependent Culture-independent 

Phenotypic Genotypic (16S rRNA gene sequencing) High-throughput Sequencing 

Bacteria 

Marcha 
(Nepal) 

Leuconostoc, 
Lactobacillus, 
Pediococcus, 
Enterococcus. 

Lactobacillus pentosus, Lactobacillus plantarum subsp. plantarum, Lactobacillus 
plantarum subsp. plantarum, Bacillus zhangzhouensis, Staphylococcus xylosus, 

Bacillus cereus, Brevibacterium frigoritolerans, Staphylococcus gallinarum, 
Staphylococcus sciuri. 

Not analyzed 

Marcha 
(Darjeeling) 

Pediococcus, 
Leuconostoc, 
Enterococcus. 

 

Leuconostoc mesenteroides, Enterococcus durans, Pediococcus acidilactici, 
Pediococcus acidilactici, Enterococcus durans, Enterococcus durans, Enterococcus 

durans, Pediococcus acidilactici, Pediococcus acidilactici, Enterococcus durans, 
Staphylococcus hominis subsp. homini. 

Not analyzed 

Marcha 
(Sikkim) 

Bacillus, 
Staphylococcus, 

Leuconostoc, 
Enterococcus, 
Pediococcus. 

 

Leuconostoc mesenteroides, Enterococcus faecium, Enterococcus faecium, 
Enterococcus faecium, Enterococcus durans, Weissella cibaria, Pediococcus 

pentosaceus, Enterococcus durans, Enterococcus faecalis, Lysinibacillus 
boronitolerans, Micrococcus yunnanensis, Bacillus subtilis subsp. inaquosorum, 

Bacillus pseudomycoides, Bacillus nakamurai. 

Acetobacter, Fructobacillus, 
Lactococcus, Lactobacillus, 
Leuconostoc, Burkholderia, 

Gluconacetobacter, Citrobacter, 
Cronobacter, Enterobacter, 

Escherichia, Shigella, Pantoea. 

Marcha 
(Bhutan) 

Enterococcus, 
Pediococcus, 

Bacillus, 
Staphylococcus, 

Leuconostoc. 

Pediococcus pentosaceus, Enterococcus durans, Enterococcus faecium, Enterococcus 
durans, Bacillus circulans, Staphylococcus warneri, Staphylococcus warneri, 
Staphylococcus warneri, Staphylococcus warneri, Bacillus nitratireducens. 

Not analyzed 
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Paa  
(Arunachal 
Pradesh) 

Pediococcus, 
Enterococcus, 
Citrobacter. 

Enterococcus faecium, Enterococcus faecalis, Enterococcus faecalis, 
Stenotrophomonas maltophilia, Enterococcus faecalis Not analyzed 

Pee 
(Arunachal 
Pradesh) 

Enterococcus, 
Lactobacillus, 
Citrobacter. 

Enterococcus durans, Klebsiella pneumonia, Kocuria rosea, Bacillus subtilis subsp. 
inaquosorum, Enterococcus durans, Enterococcus faecium Not analyzed 

Phut 
(Arunachal 
Pradesh) 

Enterococcus, 
Pediococcus, 
Citrobacter. 

Enterococcus hirae, Enterococcus lactis, Pseudomonas putida, Enterococcus faecium. Not analyzed 

Phab 
(Bhutan) 

Enterococcus, 
Pediococcus, 

Bacillus, 
Enterobacter. 

Enterobacter hormaechei subsp. xiangfangensis, Enterobacter hormaechei subsp. 
xiangfangensis, Enterobacter hormaechei subsp. steigerwaltii, Bacillus albus, 

Enterococcus faecium, Enterococcus faecium, Enterococcus durans. 
Not analyzed 
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EVALUATION OF PROBIOTIC ATTRIBUTES  
 
Resistance to Acidic Conditions (pH 3) 

Tolerance of bacterial isolates at low acidic pH of 3 was evaluated by taking the total 

viable count after 24 h of incubation and was expressed as percentage survival rate 

(Table 17). About 38% of the total bacterial isolates evaluated for probiotic properties 

showed a survival rate of more than 50% at pH 3. Leuconostoc mesenteroides SMB13-

7 (marcha, Sikkim) showed the highest survival rate of 96% in pH 3 and Enterococcus 

durans DMB15 (marcha Darjeeling) showed no growth at pH 3 (Figure 22). 
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Figure 22: Percentage survival of bacterial isolates from different starters of the Eastern Himalayas in pH 3. 
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Resistance To 0.3% Bile Concentration 

About 38% of the total isolates showed more than 50% of survival rate after 24 h of 

incubation in 0.3% bile salts (Table 17). Pediococcus acidilactici AKB3 (marcha, 

Darjeeling) showed a highest survival rate of 97.26% in 0.3% bile salts (Figure 23). 

Weisella cibaria SMB9 (marcha, Sikkim) showed no growth and Enterococcus durans 

DMB3 (marcha, Darjeeling) showed a very low survival rate of below 1% in the 

presence of bile salts (0.3%). 
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Figure 23: Percentage survival of bacterial isolates from different starters of the Eastern Himalayas in 0.3% bile.
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Table 17: Probiotic characteristics and resistance to biological barriers of Lactic acid bacteria isolated from dry starter cultures of the 
Eastern Himalayas 

Starter Bacteria pH 3 
(% survival) 

Bile (0.3%) 
(% survival) 

Deconjugation 
of bile salts H% 

β 
G

al
 

ac
tiv

ity
 

C
ho

le
st

er
ol

 
A

ss
im

ila
tio

n 
(%

) 

TDC TC 
Marcha (Nepal) Lactobacillus pentosus NMB3 41 10.08 - + 47 - 29 
Marcha(Nepal) Lactobacillus plantarum subsp. plantarum NMB7 70 8.37 + + 27 - 24 
Marcha(Nepal) Lactobacillus plantarum subsp. plantarum NMB8 36 93.94 - - 57 + 37 
Marcha(Darjeeling) Leuconostoc mesenteroides AKB6 4.2 48.83 - - 94 - 22 
Marcha(Darjeeling) Enterococcus durans DMB11 33 41.52 - + (w) 95 + 65 
Marcha(Darjeeling) Enterococcus durans DMB4 34 77.16 - - 96 + 80 
Marcha(Darjeeling) Enterococcus durans DMB3 28 0.4 + + 25 - 4 
Marcha(Darjeeling) Pediococcus acidilactici DMB14 21 24.37 + + 92 + 43 
Marcha(Darjeeling) Enterococcus durans DMB15 0 69.23 - - 90 + 63 
Marcha(Darjeeling) Enterococcus durans DMB6 37 1.63 - - 92 - 9 
Marcha(Darjeeling) Pediococcus acidilactici AKB3 38 97.26 - - 83 - 32 
Marcha(Darjeeling) Enterococcus durans DMB13 8.4 57.80 - - 91 + 46 
Marcha(Darjeeling) Pediococcus acidilactici DMB12 92 76.63 - - 77 + 53 
Marcha(Sikkim) Enterococcus faecalis SMB3 94 82.90 - - 95 + 54 
Marcha(Sikkim) Leuconostoc mesenteroides SMB13-7 96 32.08 - - 89 + 38 
Marcha(Sikkim) Enterococcus durans SMB7 7.6 24.40 - + 98 + 78 
Marcha(Sikkim) Weissella cibaria SMB9 40 0 - - 93 + 41 
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Marcha(Sikkim) Pediococcus pentosaceus SMB13-1 49 50.00 + + 96 - 72 
Marcha(Sikkim) Enterococcus faecium SMB21 23 73.03 - - 96 + 38 
Marcha(Sikkim) Enterococcus faecium SMB5 39 51.81 + + 77 + 51 
Marcha(Sikkim) Enterococcus faecium SMB15 42 12.14 + + 86 + 25 
Paa (Arunachal Pradesh) Enterococcus faecium AOB4 75 31.57 - - 57 + 20 
Paa (Arunachal Pradesh) Enterococcus faecalis AOB2 53 46.22 - - 86 - 57 
Paa (Arunachal Pradesh) Enterococcus faecalis AOB11 72 91.06 + + 92 + 5 
Paa (Arunachal Pradesh) Enterococcus faecalis AOB5 23 4.90 - - 84 - 11 
Pee (Arunachal Pradesh) Enterococcus faecium AOB15 02 34.43 - + 97 + 4 
Pee (Arunachal Pradesh) Enterococcus durans AOB14 69 13.09 - + 97 - 72 
Phut(Arunachal Pradesh) Enterococcus hirae AOB24 24 56.98 - - 76 + 27 
Phut(Arunachal Pradesh) Enterococcus faecium AOB25 46 11.62 - - 91 + 23 
Phut(Arunachal Pradesh) Enterococcus lactis AOB26 88 19.24 - - 93 + 71 
Marcha  (Bhutan) Enterococcus durans BPB18 55 31.80 - - 91 + 43 
Marcha (Bhutan) Enterococcus faecium BPB11 51 14.85 + + 96 + 23 
Marcha (Bhutan) Pediococcus pentosaceus BPB13 40 14.10 + + 89 - 2 
Marcha (Bhutan) Enterococcus durans BPB4 87 54.54 - - 86 + 63 
Phab (Bhutan) Enterococcus durans BPB21 86 93.22 - - 98 - 31 
Phab (Bhutan) Enterococcus faecium BPB33 35 12.76 + + 88 + 60 
Phab (Bhutan) Enterococcus faecium BPB31 65 60.80 - - 83 + 26 
All the tests were done in duplicates. The values given for pH 3 and 0.3% bile represents the percentage survival rate of bacterial isolates in these conditions; 
Values for cholesterol assimilation (%) was calculated by taking OD at 550nm; +: Positive; -: Negative; H% : Percentage hydrophobicity; (w): weak positive; 
TC:  Taurocholic acid; TDC:  Taurodeoxycholic acid. 
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Deconjugation of Bile Salts 

The ability of bacterial isolates to deconjugate bile salts was done by plate assay 

method using two bile salts; sodium salts of taurocholic acid (TC) and 

taurodeoxycholic (TDC) acid. The appearance of zone of precipitation along the line of 

inoculation was taken as a positive result. About 24% of the total isolates showed 

precipitation on taurodeoxycholic acid plates and hence were tested positive for 

deconjugation of TDC. About 41% of the total bacterial isolates showed a positive 

result (precipitation) in taurocholic acid plates and hence has the ability to deconjugate 

TC (Table 17). 

 

Hydrophobicity Test    

The ability of lactic acid bacterial isolates to adhere onto cell surfaces was checked by 

measuring the percentage hydrophobicity in n- hexadecane (Table 17). About 86% of 

the bacterial isolates showed a percentage hydrophobicity of more than 70% and only 

8% of the total isolates exhibited a poor adherence ability (<50 H%) (Figure 24). 

Enterococcus durans BPB21 (phab, Bhutan) and Enterococcus durans SMB7 

(marcha, Sikkim) showed the highest hydrophobicity percentage of 98%. 

Enterococcus durans DMB3 (marcha, Darjeeling) showed the lowest percentage 

hydrophobicity of 25% only. 
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Figure 24: Percentage hydrophobicity of bacterial isolates from different starters of the Eastern Himalayas
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β-Galactosidase Activity 

β-galactosidase activity of the bacterial isolates was determined by plate assay 

technique using X gal and IPTG (isopropyl- thio β-D-galactopyranoside) as an inducer 

(Figure 25). About 65% of the total isolates showed positive result for beta 

galactosidase (Table 17).  

 

 

 
Figure 25: Plate screening assay showing β-galactosidase activity. Blue coloured 
colonies: positive isolates (producing β galactosidase); colourless/white coloured 
colonies: negative isolates (incapable of producing β galactosidase); positive control: 
Lactobacillus plantarum MTCC 1407(T) and Enterococcus faceium MCC 2763. 
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Cholesterol Assimilation  

About 35% of the total isolates showed a cholesterol assimilation activity of more than 

50% (Table 17). Enterococcus durans DMB4 (marcha, Darjeeling) showed the highest 

cholesterol assimilation of 80% (OD taken at 550nm). Pediococcus pentosaceus 

BPB13 (marcha, Bhutan) showed the lowest cholesterol assimilation activity of 2% 

only (Figure 26). 
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Figure 26: Percentage reduction of cholesterol by the bacterial isolates isolated from different starters of the Eastern Himalayas. 
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EVALUATION OF FUNCTIONAL ATTRIBUTES 

Phytase Activity 

Phytase activity of the bacterial isolates was checked by plate assay method using 

modified MRS agar and sodium phytate as a sole phosphate source. Appearance of 

clear zones around the line of inoculation was taken as a positive test (Figure 27). 

About 86% of the total test isolates showed the ability to produce the anti-nutritive 

degrading factor phytase (Table 18). 

 

 

 

 
Figure 27: Plate screening assay showing phytase activity. Clear zone around the 
colonies: positive isolates (producing phytase); no zone of hydrolysis around the 
colonies: negative isolates (incapable of producing phytase); positive control: 
Lactobacillus plantarum MTCC 1407(T) and Enterococcus faceium MCC2763.  
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 Table 18:  Functional attributes and safety evaluation of lactic acid bacteria isolated from dry starter cultures of the Eastern Himalayas 

Starter Microorganisms/ isolates Phytase activity Amylase activity Tolerance in 10% 
ethanol Haemolysis 

Marcha (Nepal) Lactobacillus pentosus NMB3 -ve -ve -ve -ve 
Marcha (Nepal) Lactobacillus plantarum subsp. plantarum NMB7 -ve -ve +ve -ve 
Marcha (Nepal) Lactobacillus plantarum subsp. plantarum NMB8 -ve -ve +ve -ve 
Marcha (Darjeeling) Leuconostoc mesenteroides AKB6 +ve -ve +ve -ve 
Marcha (Darjeeling) Enterococcus durans DMB11 +ve -ve +ve -ve 
Marcha (Darjeeling) Enterococcus durans DMB4 +ve -ve -ve -ve 
Marcha (Darjeeling) Enterococcus durans DMB3 -ve -ve +ve -ve 
Marcha (Darjeeling) Pediococcus acidilactici DMB14 +ve -ve +ve -ve 
Marcha (Darjeeling) Enterococcus durans DMB15 +ve -ve +ve -ve 
Marcha (Darjeeling) Enterococcus durans DMB6 +ve -ve +ve -ve 
Marcha (Darjeeling) Pediococcus acidilactici AKB3 +ve -ve +ve -ve 
Marcha (Darjeeling) Enterococcus durans DMB13 +ve -ve +ve -ve 
Marcha (Darjeeling) Pediococcus acidilactici DMB12 +ve -ve +ve -ve 
Marcha (Sikkim) Enterococcus faecalis SMB3 +ve -ve +ve -ve 
Marcha (Sikkim) Pediococcus pentosaceus SMB13-7 +ve -ve +ve -ve 
Marcha (Sikkim) Enterococcus durans SMB7 +ve -ve +ve -ve 
Marcha (Sikkim) Weissella cibaria SMB9 +ve -ve +ve -ve 
Marcha (Sikkim) Leuconostoc mesenteroides SMB13-1 -ve -ve +ve -ve 
Marcha (Sikkim) Enterococcus faecium SMB21 +ve -ve +ve -ve 
Marcha (Sikkim) Enterococcus faecium SMB5 +ve -ve +ve -ve 
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Marcha (Sikkim) Enterococcus faecium SMB15 +ve -ve +ve -ve 
Marcha  (Bhutan) Enterococcus durans BPB18  +ve -ve +ve -ve 
Marcha (Bhutan) Enterococcus durans BPB21 +ve (w) -ve +ve -ve 
Marcha (Bhutan) Enterococcus faecium BPB11 +ve -ve +ve -ve 
Marcha (Bhutan) Enterococcus faecium BPB33 +ve (w) -ve +ve -ve 
Paa(Arunachal Pradesh) Enterococcus faecium AOB4 +ve -ve +ve -ve 
Paa (Arunachal Pradesh) Enterococcus faecalis AOB2 +ve -ve +ve -ve 
Paa (Arunachal Pradesh) Enterococcus faecalis AOB11 +ve -ve +ve -ve 
Paa (Arunachal Pradesh) Enterococcus faecalis AOB5 +ve -ve +ve -ve 
Pee (Arunachal Pradesh) Enterococcus faecium AOB15 +ve -ve +ve -ve 
Pee (Arunachal Pradesh) Enterococcus durans AOB14 +ve -ve +ve -ve 
Phut (Arunachal Pradesh) Enterococcus hirae AOB24 +ve -ve +ve -ve 
Phut (Arunachal Pradesh) Enterococcus faecium AOB25 +ve -ve +ve -ve 
Phut (Arunachal Pradesh) Enterococcus lactis AOB26 +ve -ve +ve -ve 
Phab (Bhutan) Pediococcus pentosaceus BPB13 +ve (w) -ve +ve -ve 
Phab (Bhutan) Enterococcus durans BPB4 +ve -ve +ve -ve 
Phab (Bhutan) Enterococcus faecium BPB31 +ve -ve +ve -ve 
+ve (w): weak positive; +ve: positive; -ve: negative 
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Amylase Activity 

The ability of the bacterial isolates to produce amylase was evaluated using plate 

screening method in starch agar. None of the isolates showed amylolytic activity 

indicating they have no role in saccharification and liquefaction of starchy substrates 

(Table 18). 

Ethanol Tolerance Test 

Tolerance of LAB cultures to ethanol was tested in MRS broth with varying 

concentration of ethanol (3%-10%) (Figure 28). About 86% of bacterial isolates 

showed optimum tolerance even at 10% ethanol (Table 19). Enterococcus durans 

DMB4 (marcha, Darjeeling) and Lactobacillus pentosus NMB3 (marcha, Nepal) 

showed tolerance to 7% ethanol after which no growth was observed in higher 

concentrations (Figure 29-33). 70% of the total isolates showed good tolerance ability 

at 3-9% ethanol (Figure 28). 

Figure 28: Growth of lactic acid bacteria isolated from starters of the Eastern 
Himalayas in different concentrations of ethanol. 
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Table 19: Ability of the bacterial isolates isolated from the dry starter cultures of the Eastern Himalayas to tolerate different 
concentration of ethanol 

Starter Bacteria Control 
Concentrations of Ethanol (%) 

3% 4% 5% 6% 7% 8% 9% 10% 

Marcha 
(Nepal) 

Lactobacillus pentosus NMB3 1.66 1.59 1.55 1.39 1.06 0.89 0 0 0 
Lactobacillus plantarum subsp. plantarum 

NMB7 2.34 2.261 2.12 2.03 1.96 1.62 1.55 1.39 1.06 

Lactobacillus plantarum subsp. plantarum 
NMB8 2.19 2.17 1.62 1.55 1.38 1.11 0.98 0.63 0.21 

Marcha 
(Darjeeling) 

Leuconostoc mesenteroides AKB6 2.41 2.19 2.16 2.14 2.12 2.08 2.04 1.91 1.45 

Enterococcus durans DMB11 2.44 2.41 2.32 2.28 2.28 2.27 2.25 2.02 1.5 

Enterococcus durans DMB4 2.62 2.5 2.39 2.3 2.09 1.65 0 0 0 

Enterococcus durans DMB3 2.96 2.87 2.84 2.82 2.81 2.78 2.77 2.75 2.13 

Pediococcus acidilactici DMB14 2.66 2.51 2.43 2.41 2.33 2.20 2.03 1.93 1.80 

Enterococcus durans DMB15 1.98 1.95 1.91 1.91 1.89 1.88 1.86 1.85 1.31 

Enterococcus durans DMB6 1.86 1.82 1.82 1.81 1.78 1.75 1.73 1.65 1.57 

Pediococcus acidilactici AKB3 2.10 2.01 1.96 1.95 1.94 1.78 1.65 0.92 0.06 

Enterococcus durans DMB13 2.39 2.18 2.04 2.00 1.95 1.79 1.61 1.5 1.34 

Pediococcus acidilactici DMB12 2.31 2.26 2.24 2.21 2.19 2.15 2.13 2.07 1.92 

Marcha 
(Sikkim) 

Enterococcus faecalis SMB3 0.93 0.87 0.86 0.85 0.85 0.73 0.68 0.25 0.2 

Pediococcus pentosaceus SMB13-7 1.12 1.1 1.0 1.0 0.94 0.90 0.73 0.55 0.41 

Enterococcus durans SMB7 1.94 1.95 1.89 1.89 1.83 1.71 1.68 1.66 1.58 

Weissella cibaria SMB9 2.65 2.63 2.55 2.54 2.37 2.30 2.30 2.07 1.97 

Leuconostoc mesenteroides SMB13-1 2.93 2.86 2.81 2.74 2.65 2.61 2.53 2.44 2.41 
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Enterococcus faecium SMB21 1.99 1.94 1.91 1.88 1.89 1.84 1.8 1.83 1.76 

Enterococcus faecium SMB5 1.97 1.96 1.94 1.92 1.85 1.82 1.79 1.75 0.79 

Enterococcus faecium SMB15 2.75 2.69 2.58 2.41 2.24 2.09 1.96 1.79 1.56 

Marcha 
(Bhutan) 

Enterococcus durans BPB18 1.6 1.54 1.53 1.44 1.4 1.39 1.26 1.13 1.03 

Enterococcus faecium BPB11 1.82 1.82 1.76 1.74 1.69 1.68 1.67 1.67 1.65 

Pediococcus pentosaceus BPB13 2.68 2.64 2.55 2.19 2.14 2.03 1.98 1.79 1.59 

Enterococcus durans BPB4 2.94 2.83 2.76 2.60 2.31 2.09 1.99 1.70 1.45 

Paa 
(Arunachal 

Pradesh) 

Enterococcus faecium AOB4 1.35 1.34 1.25 1.24 1.18 1.00 0.73 0.32 0.23 

Enterococcus faecalis AOB2 2.08 1.83 1.68 1.52 1.39 1.23 1.2 1.19 1.09 

Enterococcus faecalis AOB11 2.19 1.71 1.64 1.52 1.42 1.41 1.35 1.31 1.21 

Enterococcus faecalis AOB5 2.08 1.75 1.71 1.63 1.61 1.54 1.47 1.22 1.2 
Pee 

(Arunachal 
Pradesh) 

Enterococcus faecium AOB15 1.98 1.94 1.88 1.86 1.85 1.84 1.77 1.76 1.72 

Enterococcus durans AOB14 1.82 1.73 1.68 1.63 1.56 1.52 1.47 1.39 1.33 

Phut 
(Arunachal 

Pradesh) 

Enterococcus hirae AOB24 1.17 1.17 1.13 1.11 0.52 0.46 0.45 0.45 0.43 
Enterococcus faecium AOB25 1.71 1.67 1.63 1.63 0.91 0.81 0.63 0.34 0.29 

Enterococcus lactis AOB26 1.4 1.36 1.25 1.19 1.16 0.99 0.96 0.39 0.16 

Phab 
(Bhutan) 

Enterococcus durans BPB21 1.99 1.88 1.84 1.81 1.81 1.72 1.66 1.1 0.80 

Enterococcus faecium BPB33 2.36 2.16 2.01 1.92 1.77 1.53 1.47 1.38 1.20 

Enterococcus faecium BPB31 2.56 2.47 2.41 2.31 2.18 2.00 1.90 1.62 1.38 

All the values given above are OD taken at 560 nm after 24 h of incubation; Control: Cultures inoculated in MRS broth without ethanol 

 

Marcha 
(Sikkim) 
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Figure 29: Growth of bacterial isolates from starters of Nepal at different concentration of ethanol. 

Alcohol concentration 
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Figure 30: Growth of bacterial isolates from starters of Darjeeling at different concentration of ethanol. 
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Figure 31: Growth of bacterial isolates from starters of Sikkim at different concentration of ethanol.
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Figure 32: Growth of bacterial isolates from starters of Arunachal Pradesh at different concentration of ethanol. 
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Figure 33: Growth of bacterial isolates from starters of Bhutan at different concentration of ethanol.
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SCREENING FOR SAFETY EVALUATION 

Haemolysis Activity 

Plate screening assay in blood agar was performed to evaluate the safety of bacterial 

isolates. Occurrence of zone of α, β and γ haemolysis was observed in this test. No 

zone of haemolysis was observed in any of the inoculated plates hence the bacterial 

isolates were tested negative for haemolytic activity (Figure 34, Table 18). 

 

 

 
Figure 34:  Plate screening assay on blood agar showing zone of γ haemolysis. 
Negative control: Enterococcus faecium MCC 2763 and Lactobacillus plantarum 
MTCC 1407(T). 
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SCREENING OF GENES CONTRIBUTING IN PROBIOTIC AND 

FUNCTIONAL ATTRIBUTES  

Several genes that are involved in contributing essential attributes required for 

probiotic and functional characteristics were screened using primers in PCR based 

reactions. Specific primers with specific PCR conditions (PCR cycles, annealing 

temperature and product size in base pairs) (Figure 35) were followed for each of the 

genes that was screened (Table B). All 37 isolates of the lactic acid bacteria were 

screened for probiotic and functional genes.  

 

 

Figure 35: Amplified 16S rRNA gene product of size 1465 bp. 
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Detection of genes involved in biosynthesis of riboflavin  

The ability of bacterial isolate to synthesize riboflavin was checked by screening the 

presence of rib A gene. Out of 37 bacterial isolates screened 22 LAB isolates were 

found positive for rib A gene. The product size of amplified rib A gene was 121 bp 

(Figure 36). Enterococcus durans BPB21 (phab, Bhutan); Pediococcus acidilactici 

DMB12 (marcha, Darjeeling); Leuconostoc mesenteroides SMB13-7 (marcha, 

Sikkim); Enterococcus durans SMB7 (marcha, Sikkim); Enterococcus durans BPB18 

(marcha, Bhutan); Enterococcus durans DMB6 (marcha, Darjeeling); Enterococcus 

durans DMB15 (marcha, Darjeeling); Enterococcus faecalis SMB3 (marcha, Sikkim); 

Enterococcus durans AOB14 (pee, Arunachal Pradesh); Pediococcus pentosaceus 

SMB13-1 (marcha, Sikkim); Enterococcus lactis AOB26 (phut, Arunachal Pradesh); 

Enterococcus faecium AOB15 (pee, Arunachal Pradesh); Pediococcus acidilactici 

DMB14 (marcha, Darjeeling); Enterococcus faecium AOB4 (paa, Arunachal 

Pradesh); Leuconostoc mesenteroides AKB6 (marcha, Darjeeling); Weissella cibaria 

SMB9 (marcha, Sikkim); Pediococcus acidilactici AKB3 (marcha, Darjeeling); 

Enterococcus faecalis AOB2 (paa, Arunachal Pradesh); Pediococcus pentosaceus 

BPB13 (marcha, Bhutan); Enterococcus durans DMB3 (marcha, Darjeeling); 

Lactobacillus plantarum subsp. plantarum NMB7 (marcha, Nepal) and Enterococcus 

faecium SMB21 (marcha, Sikkim) showed the presence of rib A gene for biosynthesis 

of riboflavin (Figure 36). 
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Figure 36: Amplified rib A gene of 121bp. Lane 1: Enterococcus durans AOB14; 
Lane 2: Leuconostoc mesenteroides AKB6; Lane 3: Pediococcus acidilactici AKB3; 
Lane 4: Weissella cibaria SMB9; Lane 5: Enterococcus faecium SMB21; Lane 7: 
Enterococcus durans SMB7; Lane 8: Enterococcus faecalis SMB3; Lane 10: 
Enterococcus faecium AOB4; Lane 11: Lactobacillus plantarum MTCC 2034 
(Positive control); Lane 12: Lactobacillus plantarum MTCC 2794 (Positive control). 
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Detection of Gene Involved In Biosynthesis of Folate  

Fol P gene primers were used to check the presence of fol P gene in the bacterial 

isolates to check their ability to biosynthesize folic acids. Out of 37 isolates screened 

only Enterococcus faecium AOB25 (phut, Arunachal Pradesh) possessed this gene for 

folate biosynthesis (Table 20). The amplified product size was 261 bp (Figure 37). 

 

 

Figure 37: Amplified fol p gene of 261 bp. Lane 1:100 bp DNA ladder; Lane 11: 
Enterococcus faecium AOB 25. 
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Detection of Genes Involved In Bile Salt Survival 

The bacterial isolates were screened for clp L, bsh, Ir1584, Ir1516 and LBA 1446 

genes which were involved in imparting the ability to survive in bile concentrations.   

The product size of clp L gene was 158 bp (Figure 38). Out of 37 isolates screened 24 

isolates showed the presence of clp L gene. Clp L gene was detected in Enterococcus 

durans DMB4 (marcha, Darjeeling); Enterococcus faecium SMB5 (marcha, Sikkim); 

Pediococcus acidilactici AKB3 (marcha, Darjeeling); Enterococcus durans BPB21 

(phab, Bhutan); Enterococcus faecium AOB25 (phut, Arunachal Pradesh); 

Enterococcus faecalis AOB11 (paa, Arunachal Pradesh); Enterococcus faecium 

BPB33 (phab, Bhutan); Enterococcus durans DMB13 (marcha, Darjeeling); 

Pediococcus pentosaceus BPB13 (marcha, Bhutan); Enterococcus durans BPB4 

(marcha, Bhutan); Enterococcus faecalis AOB5 (paa, Arunachal Pradesh); 

Enterococcus durans DMB3 (marcha, Darjeeling); Enterococcus durans SMB7 

(marcha, Sikkim); Enterococcus durans BPB18 (marcha, Bhutan); Enterococcus 

durans AOB14 (pee, Arunachal Pradesh); Enterococcus faecalis SMB3 (marcha, 

Sikkim); Enterococcus lactis AOB26 (phut, Arunachal Pradesh); Enterococcus 

faecium BPB11 (marcha, Bhutan); Leuconostoc mesenteroides AKB6 (marcha, 

Darjeeling); Weissella cibaria SMB9 (marcha, Sikkim); Enterococcus durans DMB6 

(marcha,Darjeeling); Enterococcus durans DMB15 (marcha, Darjeeling); 

Lactobacillus plantarum subsp. plantarum NMB8 (marcha, Nepal); and Lactobacillus 

plantarum subsp. plantarum NMB7 (marcha, Nepal) (Figure 38). 
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Figure 38: Amplified clp L gene of 158 bp. Lane 1: 100 bp DNA ladder; Lane 2: 
Enterococcus durans AOB14; Lane 6: Enterococcus faecalis SMB3; Lane 8: 
Enterococcus lactis AOB26; Lane 9: Enterococcus faecium BPB11; Lane 10: 
Leuconostoc mesenteroides AKB6; Lane 11: Weissella cibaria SMB9; Lane 12: 
Lactobacillus plantarum MTCC 2034 (positive control); Lane 13: Lactobacillus 
plantarum MTCC 2794 (positive control). 
 
 

The amplified product size of bsh gene was 205 bp (Figure 39). Only two strains 

Pediococcus pentosaceus SMB13-1 (marcha, Sikkim) and Enterococcus faecium 

BPB11 (marcha, Bhutan) showed the presence of bsh gene (Table 20).  

Size of Ir1516 gene was 143 bp (Figure 40) which was detected in Enterococcus 

faecium SMB21 (marcha, Sikkim); Enterococcus durans BPB18 (marcha, Bhutan); 

Pediococcus pentosaceus SMB13-1 (marcha, Sikkim); Weissella cibaria SMB9 

(marcha, Sikkim); Pediococcus pentosaceus BPB13 (marcha, Bhutan); Enterococcus 

faecium SMB15 (marcha, Sikkim); Enterococcus faecium BPB31 (phab, Bhutan); 

Enterococcus durans DMB3 (marcha, Darjeeling); Lactobacillus plantarum subsp. 

plantarum NMB7 (marcha, Nepal) (Figure 40). 
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Figure 39: Amplified bsh gene of 205 bp. Lane 1: 100 bp DNA ladder; Lane 12: 
Pediococcus pentosaceus SMB13-1; Lane 14: 100 bp DNA ladder; Lane 18: 
Enterococcus faecium BPB11. 
 

 
Figure 40: Amplified Ir1516 gene of 143 bp. Lane 1: 100 bp DNA ladder; Lane 2: 
Lactobacillus plantarum MTCC 2034 (positive control), Lane 5: Enterococcus durans 
BPB18, Lane 12: Pediococcus pentosaceus SMB13-1, Lane 15: Weissella cibaria 
SMB9, Lane 23: Pediococcus pentosaceus BPB13, Lane 25: Enterococcus faecium 
SMB15. 
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LBA 1446 gene with size of 275 bp (Figure 41) was detected in 7 isolates; Pediococcus 

pentosaceus BPB13 (marcha, Bhutan); Enterococcus durans BPB4 (marcha, Bhutan); 

Enterococcus durans DMB3 (marcha, Darjeeling); Enterococcus faecalis SMB3 

(marcha, Sikkim); Pediococcus pentosaceus SMB13-1 (marcha, Sikkim); 

Leuconostoc mesenteroides AKB6 (marcha, Darjeeling); and Enterococcus hirae 

AOB24 (phut, Arunachal Pradesh) (Figure 41). Lactobacillus plantarum MTCC 2794 

was used a positive control for this test.  

Ir1584 gene was not detected in any tested isolate.  

 

 

 

Figure 41: Amplified LBA1446 gene of 275 bp. Lane 1: 100 bp DNA ladder; Lane 7: 
Leuconostoc mesenteroides AKB6; Lane 8: Lactobacillus plantarum MTCC 2034 
(positive control); Lane 9: 100 bp DNA ladder; Lane 13: Enterococcus faecalis SMB3; 
Lane 15: Pediococcus pentosaceus SMB13-1; Lane 16: Lactobacillus plantarum 
MTCC 2794. 
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Detection of Genes Involved In Survival at Low pH 

The ability of the bacterial isolates to survive and proliferate at low pH conditions 

were analyzed by screening the presence and absence of hdc, odc, tdc, agu A, clp L and 

Ir1516 genes. Clp L and Ir1516 gene were also involved in imparting tolerance in bile 

conditions. All 37 isolates screened were negative for hdc, odc and tdc gene.  

Agu A gene product size was 542 bp (Figure 42) and 12 of the bacterial isolates tested 

were positive for this gene. Enterococcus faecium SMB21 (marcha, Sikkim); 

Enterococcus durans DMB6 (marcha, Darjeeling); Enterococcus durans AOB14 (pee, 

Arunachal Pradesh); Pediococcus pentosaceus SMB13-1 (marcha, Sikkim); 

Enterococcus lactis AOB26 (phut, Arunachal Pradesh), Enterococcus hirae AOB24 

(phut, Arunachal Pradesh), Enterococcus faecium AOB4 (paa, Arunachal Pradesh); 

Weissella cibaria SMB9 (marcha, Sikkim); Pediococcus pentosaceus BPB13 (marcha, 

Bhutan); Enterococcus durans DMB3 (marcha, Darjeeling); Lactobacillus plantarum 

subsp. plantarum NMB7 (marcha, Nepal) and Lactobacillus plantarum subsp. 

plantarum NMB8 (marcha, Nepal) were found to be positive for agu A gene (Figure 

42). 
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Figure 42: Amplified agu A gene of 542 bp. Lane 1: 100 bp DNA ladder; Lane 6: 
Pediococcus pentosaceus SMB13-1; Lane 7: Enterococcus durans DMB3; Lane 8: 
Enterococcus lactis AOB26; Lane 9: Lactobacillus plantarum subsp. plantarum 
NMB8; Lane 12: Lactobacillus plantarum MTCC 2794 (positive control). 
 

Detection of Genes Involved In Adhesion  

Mub, fbp, sor, sbp, msa, apf, map A and mub1 genes were screened to check the ability 

of bacterial isolates to adhere to the mucoid membrane. All 37 isolates that were 

screened for the adhesion genes gave negative results for mub, sor, sbp and msa gene. 

Only one of the isolate Leuconostoc mesenteroides AKB6 (marcha, Darjeeling) was 

found to be positive for fbp gene. The amplicon product size of fbp gene was 835 bp 

(Figure 43). 
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Figure 43: Amplified fbp gene of 835 bp. Lane 1: 100 bp DNA ladder; Lane 11: 
Leuconostoc mesenteroides AKB6. 
 
 

Total 23 bacterial isolates screened for apf gene gave positive result. The product size 

of apf gene was 112 bp (Figure 44). Enterococcus faecium SMB21 (marcha, Sikkim); 

Enterococcus durans DMB6 (marcha, Darjeeling); Leuconostoc mesenteroides 

SMB13-7 (marcha, Sikkim); Enterococcus durans SMB7 (marcha, Sikkim); 

Enterococcus durans BPB18 (marcha, Bhutan); Enterococcus durans DMB15 

(marcha, Darjeeling); Enterococcus faecalis SMB3 (marcha, Sikkim); Enterococcus 

durans AOB14 (pee, Arunachal Pradesh); Pediococcus pentosaceus SMB13-1 

(marcha, Sikkim); Enterococcus lactis AOB26 (phut, Arunachal Pradesh); 

Enterococcus hirae AOB24 (phut, Arunachal Pradesh); Enterococcus faecium BPB11 

(marcha, Bhutan); Enterococcus  faecium AOB4 (paa, Arunachal Pradesh); 

Leuconostoc mesenteroides AKB6 (marcha, Darjeeling); Enterococcus durans DMB4 

(marcha, Darjeeling); Enterococcus faecium SMB5 (marcha, Sikkim); Pediococcus 

acidilactici AKB3 (marcha, Darjeeling); Enterococcus faecium AOB25 (phut, 
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Arunachal Pradesh); Enterococcus faecalis AOB2 (paa, Arunachal Pradesh); 

Pediococcus pentosaceus BPB13 (marcha, Bhutan); Enterococcus durans BPB4 

(marcha, Bhutan); Lactobacillus plantarum subsp. plantarum NMB7 (marcha, Nepal) 

and Lactobacillus plantarum subsp. plantarum NMB8 (marcha, Nepal) were tested 

positive for apf gene (Figure 44). Lactobacillus plantarum MTCC 2794 and 

Lactobacillus fermentum MCC 2760 was used a positive control for this test. 

 

 

Figure 44: Amplified apf gene of 112 bp. Lane 1: 100 bp DNA ladder; Lane 2: 
Enterococcus lactis AOB26; Lane 3: Pediococcus pentosaceus SMB13-1; Lane 4: 
Enterococcus durans DMB6; Lane 5: Lactobacillus plantarum subsp. plantarum 
NMB8; Lane 6: Enterococcus durans DMB4; Lane 7: Lactobacillus plantarum subsp. 
plantarum NMB7; Lane 9: Lactobacillus plantarum MTCC 2794 (positive control); 
Lane 10: 100 bp DNA ladder; Lane 12: Pediococcus pentosaceus BPB13; Lane 13: 
Enterococcus faecalis AOB2; Lane 15: Leuconostoc mesenteroides AKB6; Lane 17: 
Enterococcus hirae AOB24; Lane 18: Lactobacillus fermentum MCC 2760 (positive 
control). 
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The amplicon size of mapA gene was 156 bp (Figure 45). Lactobacillus plantarum 

MTCC 2034 and Lactobacillus plantarum MTCC 2794 were used as a positive control 

in this test. Enterococcus faecium SMB21 (marcha, Sikkim); Enterococcus durans 

BPB18 (marcha, Bhutan); Enterococcus durans DMB6 (marcha, Darjeeling); 

Enterococcus durans DMB15 (marcha, Darjeeling); Pediococcus acidilactici DMB12 

(marcha, Darjeeling); Enterococcus durans AOB14 (pee, Arunachal Pradesh); 

Pediococcus pentosaceus SMB13-1 (marcha, Sikkim); Enterococcus lactis AOB26 

(phut, Arunachal Pradesh); Enterococcus faecium BPB11 (marcha, Bhutan); 

Enterococcus faecium AOB4 (paa, Arunachal Pradesh); Leuconostoc mesenteroides 

AKB6 (marcha, Darjeeling); Weissella cibaria SMB9 (marcha, Sikkim); Pediococcus 

acidilactici AKB3 (marcha, Darjeeling); Enterococcus durans BPB21 (phab, Bhutan); 

Enterococcus faecalis AOB2 (paa, Arunachal Pradesh); Pediococcus pentosaceus 

BPB13 (marcha, Bhutan); Enterococcus durans BPB4 (marcha, Bhutan); 

Enterococcus faecalis AOB5 (paa, Arunachal Pradesh); Enterococcus durans DMB3 

(marcha, Darjeeling); Lactobacillus plantarum subsp. plantarum NMB7 (marcha, 

Nepal) and Lactobacillus plantarum subsp. plantarum NMB8 (marcha, Nepal) 

possessed map A gene (Figure 45). 
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Figure 45: Amplified map A gene of 156 bp. Lane 1: 100 bp DNA ladder; Lane 2: 
Enterococcus faecium SMB21; Lane 6: Enterococcus durans DMB15; Lane 7: 
Pediococcus acidilactici DMB12; Lane 8: Enterococcus durans AOB14; Lane 9: 
Pediococcus pentosaceus SMB13-1; Lane 12: Weissella cibaria SMB9; Lane 13: 
Lactobacillus plantarum MTCC 2794 (positive control). 
 
 

Mub 1 gene of 150 bp (Figure 46) was detected in Enterococcus faecium SMB21 

(marcha, Sikkim); Enterococcus durans BPB18 (marcha, Bhutan); Enterococcus 

durans DMB6 (marcha, Darjeeling); Enterococcus durans DMB15 (marcha, 

Darjeeling); Leuconostoc mesenteroides SMB13-7 (marcha, Sikkim); Enterococcus 

durans DMB11 (marcha, Darjeeling); Enterococcus durans AOB14 (pee, Arunachal 

Pradesh); Pediococcus pentosaceus SMB13-1 (marcha, Sikkim); Enterococcus lactis 

AOB26 (phut, Arunachal Pradesh); Enterococcus faecium BPB11 (marcha, Bhutan); 

Enterococcus faecium AOB4 (paa, Arunachal Pradesh); Leuconostoc mesenteroides 

AKB6 (marcha, Darjeeling); Weissella cibaria SMB9 (marcha, Sikkim); Pediococcus 

acidilactici AKB3 (marcha, Darjeeling); Enterococcus durans BPB21 (phab, Bhutan); 

Enterococcus hirae AOB24 (phut, Arunachal Pradesh); Enterococcus faecium AOB25 
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(phut, Arunachal Pradesh); Enterococcus faecalis AOB2 (paa, Arunachal Pradesh); 

Enterococcus faecium BPB33 (phab, Bhutan); Enterococcus durans DMB13 (marcha, 

Darjeeling); Pediococcus pentosaceus BPB13 (marcha, Bhutan); Enterococcus 

faecalis AOB5 (paa, Arunachal Pradesh); Enterococcus faecium SMB15 (marcha, 

Sikkim); Enterococcus faecium BPB31 (phab, Bhutan);Enterococcus durans DMB3 

(marcha, Darjeeling); Lactobacillus plantarum subsp. plantarum NMB7 (marcha, 

Nepal) and Lactobacillus plantarum subsp. plantarum NMB8 (marcha, Nepal) (Figure 

46). 

 

 

Figure 46: Amplified mub 1 gene of 150 bp. Lane 1: 100 bp DNA ladder; Lane 3: 
Enterococcus durans BPB21; Lane 4: Enterococcus hirae AOB24; Lane 5: 
Enterococcus faecium AOB25; Lane 6: Enterococcus faecalis AOB2; Lane 7: 
Enterococcus faecium BPB33.  
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Detection of Bacteriocin Genes  

Bacteriocin genes ped A (pediocin), ped B, ent A (enterococin), ent B, ent P and cyl A 

(cytolysin activator encoding gene) were screened to analyze the antimicrobial ability 

of the bacterial isolates. cyl A gene was also screened for the presence of virulence 

factors (haemolytic activity) as cytolysins act both as haemolytic toxins as well as 

bacteriocin. Only ped B gene with 375 bp size was detected in Enterococcus durans 

DMB13 (marcha, Darjeeling); and Pediococcus acidilactici AKB3 (marcha, 

Darjeeling) (Figure 47). None of the isolates tested were positive for virulence factor 

gene (cyl A gene). 

 

 

 

Figure 47: Amplified ped B gene of 375 bp. Lane 1: 100 bp DNA ladder; Lane 7: 
Enterococcus durans DMB13; Lane 11: Pediococcus acidilactici AKB3. 
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Detection of β-Glucosidase Gene 

Bgl gene was screened to test the ability of bacterial isolates to produce β glucosidase 

enzyme. Bgl gene with a size of 1392 bp (Figure 48) was detected only in 

Enterococcus faecium SMB5 (marcha, Sikkim). 

 

 

 

Figure 48: Amplified bgl gene of 1392 bp. Lane 1: 100 bp DNA ladder; Lane 7: 
Enterococcus faecium SMB5. 
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Selection of Best Probiotic Candidates 

Based on the results of test for probiotic attributes and probiotic gene detection 18 

bacterial strains from the dry samples of the Eastern Himalayas were selected (Table 

20). These bacterial strains exhibited the best probiotic characteristics and were 

selected for further analysis. These probiotic strains were Lactobacillus plantarum 

subsp. plantarum NMB7 (marcha, Nepal), Leuconostoc mesenteroides AKB6 

(marcha, Darjeeling), Enterococcus durans DMB3 (marcha, Darjeeling), 

Enterococcus durans DMB6 (marcha, Darjeeling), Pediococcus acidilactici AKB3 

(marcha, Darjeeling), Weissella cibaria SMB9 (marcha, Sikkim), Leuconostoc 

mesenteroides SMB13-1 (marcha, Sikkim), Pediococcus pentosaceus BPB13 

(marcha, Bhutan), Enterococcus durans AOB14 (pee, Arunachal Pradesh), 

Enterococcus lactis AOB26 (phut, Arunachal Pradesh), Leuconostoc mesenteroides 

SMB13-7 (marcha, Sikkim), Enterococcus durans SMB7 (marcha, Sikkim), 

Enterococcus durans DMB4 (marcha, Darjeeling), Enterococcus faecalis AOB11 

(paa, Arunachal Pradesh), Enterococcus durans BPB21 (paa, Bhutan), Enterococcus 

faecalis SMB3 (marcha, Sikkim), Pediococcus acidilactici DMB12 (marcha, 

Darjeeling) and Enterococcus durans BPB4 (marcha, Bhutan) (Table 20). 

The bacterial isolates from the dry starters of the Eastern Himalayas also exhibited 

certain functional properties along with probiotic activities. Functional attributes such 

as phytase test, amylase test, high-alcohol tolerance ability, riboflavin and folic acid 

producing ability were tested (Table 18). Based on the results obtained from these tests 

8 isolates showing excellent functional properties were selected: Pediococcus 

acidilactici DMB14 (marcha, Darjeeling), Enterococcus durans DMB15 (marcha, 

Darjeeling), Enterococcus faecium SMB21 (marcha, Sikkim), Enterococcus durans 

BPB18 (marcha, Bhutan), Enterococcus faecium AOB4 (paa, Arunachal Pradesh), 
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Enterococcus faecalis AOB2 (paa, Arunachal Pradesh), Enterococcus faecium AOB15 

(pee, Arunachal Pradesh) and Enterococcus faecium AOB25 (phut, Arunachal 

Pradesh) (Table 20). 
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Table 20: Selection of the best bacterial strain isolated from dry starters of the Eastern Himalayas showing genes for probiotic and 
functional properties 

Starter Strain 

Probiotic Attributes Functionality 

Bile Tolerance Low pH Adhesion 

B
ac

te
ri

oc
in
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uc
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Genes 
Clp 
L 

LBA 
1446 Bsh Clp L Agu 

A 
Ir 

1516 Apf Mub 
1 

Map 
A Fbp Ped 

B bgl Rib 
A 

Fol 
P 

Marcha 
(Nepal) 

Lactobacillus pentosus NMB3 - - - - - - - - - - - - - - 
Lactobacillus plantarum subsp. plantarum NMB7 + - - + + + + + + - - - + - 
Lactobacillus plantarum subsp. plantarum NMB8 + - - + + - + + + - - - - - 

Marcha 
(Darjeeling) 

Leuconostoc mesenteroides AKB6 + + - + - - + + + + - - + - 
Enterococcus durans DMB11 - - - - - - - + - - - - - - 
Enterococcus durans DMB4 + - - + - - + - - - - - - - 
Enterococcus durans DMB3 + + - + + + - + + - - - + - 

Pediococcus acidilacticiDMB14 - - - - - - - - - - - - + - 
Enterococcus durans DMB15 + - - + - - + + + - - - + - 
Enterococcus durans DMB6 + - - + + - + + + - - - + - 

Pediococcus acidilactici AKB3 + - - + - - + + + - + - + - 
Enterococcus durans DMB13 + - - + - - - + - - + - - - 

Pediococcus acidilactici DMB12 - - - - - - - - + - - - + - 

Marcha 
(Sikkim) 

Enterococcus faecalis SMB3 + + - + - - + - - - - - + - 
Pediococcus pentosaceusSMB13-7 - - - - - - + + - - - - + - 

Enterococcus durans SMB7 + - - + - - + - - - - - + - 
Weissella cibaria SMB9 + - - + + + - + + - - - + - 

Leuconostoc mesenteroides SMB13-1 - + + - + + + + + - - - + - 
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Enterococcus faecium SMB21 - - - - + + + + + - - - + - 

Enterococcus faecium SMB5 + - - + - - + - - - - + - - 

Enterococcus faecium SMB15 - - - - - + - + - - - - - - 

Marcha 
(Bhutan) 

Enterococcus durans BPB18 + - - + - + + + + - - - + - 

Enterococcus faecium BPB11 + - + + - - + + + - - - - - 

Pediococcus pentosaceus BPB13 + + - + + + + + + - - - + - 

Enterococcus durans BPB4 + + - + - - + - + - - - - - 

Paa 
(Arunachal 

Pradesh) 

Enterococcus faecium AOB4 - - - - + - + + + - - - + - 

Enterococcus faecalis AOB2 - - - - - - + + + - - - + - 

Enterococcus faecalis AOB11 + - - + - - - - - - - - - - 

Enterococcus faecalis AOB5 + - - + - - - + + - - - - - 
Pee 

(Arunachal 
Pradesh) 

Enterococcus faecium AOB15 - - - - - - - - - - - - + - 

Enterococcus durans AOB14 + - - + + - + + + - - - + - 

Phut 
(Arunachal 

Pradesh) 

Enterococcus hirae AOB24 - + - - + - + + - - - - - - 

Enterococcus faecium AOB25 + - - + - - + + - - - - - + 

Enterococcus lactis AOB26 + - - + + - + + + - - - + - 

Phab 
(Bhutan) 

Enterococcus durans BPB21 + - - + - - - + + - - - + - 

Enterococcus faecium BPB33 + - - + - - - + - - - - - - 

Enterococcus faecium BPB31 - - - - - + - + - - - - - - 
+ve: positive; -ve: negative 
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DISCUSSION 
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Documentation  
 
This study was focused on the documentation of traditional practices of sub-culturing 

of essential bacterial flora in the form of dry starters by the ethnic people of the 

Eastern Himalayan regions of India, Nepal and Bhutan, bacterial diversity and their 

probiotic and functional properties present in dry starters. Five different types of dry 

starters viz. marcha, paa, pee, phut and phab were documented and collected from 

different regions of the Eastern Himalayan regions of India, Nepal and Bhutan and 

were analysed. During the documentation, we found that the preparation of marcha in 

Sikkim and Bhutan was similar and it differed from the preparation process of marcha 

in Nepal especially in the herbs that were used. Preparation practices of marcha of 

North East India have been documented earlier by Tamang and Sarkar (1995) and 

Tamang et al. (2007) and their report matches the information we have obtained in this 

documentation. The preparation process of paa, pee and phut of Arunachal Pradesh 

was also documented. The preparation process of paa and phut differed in the herbs 

that were used and no herbs were used for the preparation of pee. The preparation 

process of paa, pee and phut has also been reported earlier by Shrivastava et al. (2012) 

and the information given is similar to our documented report. Documentation of 

traditional method of preparation of phab, dry starter made by Drukpa community of 

Bhutan has been reported for the first time in this study. 

 

Culture dependent analysis 

Average bacterial population of all samples was 108 cfu/g which was not reported 

earlier except for marcha of Darjeeling hills and Sikkim (Tamang and Sarkar 1995; 

Tsuyoshi et al. 2005; Tamang et al. 2007). Bacterial load of marcha of Sikkim was 106 

to 108 cfu/g which was almost same as that of populations of yeasts and filamentous 
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moulds in marcha of Sikkim (Tsuyoshi et al. 2005). This shows that bacterial 

populations in traditionally prepared starters of the Eastern Himalayas may have 

equally co-existed with filamentous moulds and yeasts (Heseltine et al. 1988; Zheng et 

al. 2015). The moisture content of all starters was low due to sun-drying process 

immediately after the fermentation, the step which is necessary to maintain the potency 

of traditionally prepared starters to store in dry place at room temperature for future 

use. Phab, dry starters made in Ladhak was also reported to have a low moisture 

content ranging 2.9%-3.4 % (Angmo and Bhalla 2014). The pH of all samples was 

mild acidic which may be due to the dominance of lactic acid bacteria (~108 cfu/g) in 

dry starters (Tamang and Sarkar 1995). 

All 201 bacterial strains isolated from samples of marcha, paa, pee, phut and phab 

were morphologically and phenotypically characterized and tentatively identified into 

four major genera of lactic acid bacteria (LAB) viz. Enterococcus, Pediococcus, 

Leuconostoc and Lactobacillus two genera of non-LAB viz. Bacillus and 

Staphylococcus; and two Gram-negative bacterial genera viz. Enterobacter and 

Citrobacter. Based on similar phenotypic characterizations and biochemical tests, 201 

bacterial isolates were grouped into 68 representative bacterial strains for confirmation 

of their taxonomical identification by 16S rRNA gene sequencing method (Sanger et 

al. 1977; Heather and Chain 2016). Firmicutes (85%) was the dominant phylum, 

followed by Proteobacteria (9%) and Actinobacteria (6%) in dry starters of the Eastern 

Himalayas. Firmicutes was also reported as the abundant phylum in daqu, a starter for 

Chinese strong flavour liquor (Zou et al. 2018; He et al. 2019) and also in nuruk, a dry 

starter of Korean used to make to mild-alcoholic beverage makgeolli (Jung et al. 

2012). The sequence data based on constructed phylogenetic tree revealed dominance 

of lactic acid bacteria (59%) with 5 different genera and 11 species represented by 
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Enterococcus durans, E. faecium, E. fecalis, E. hirae, E. lactis, Pediococcus acidilacti, 

P. pentosaceus, Lactobacillus plantarum subsp. plantarum, Lb. pentosus, Leuconostoc 

mesenteroides, and Weissella cibaria. The abundance of lactic acid bacteria (LAB) 

could be related to the known fact that these bacteria can tolerate and proliferate in 

extreme conditions such as high alcohol concentration (14% v/v); low pH (>3.5) and 

low temperature (18-20˚C) (Versari et al. 1999; Zhang et al. 2018). Only two genera of 

LAB represented by Pediococcus pentosaceus and Lactobacillus brevis were reported 

earlier from marcha samples of Sikkim and Darjeeling hills (Tamang and Sarkar 1995; 

Tamang et al. 2007). However, in this study we found a wide diversity of LAB in 

samples of marcha collected from Darjeeling hills and Sikkim in India which included 

Pediococcus pentosaceus, P. acidilactici, Enterococcus faceium, E. durans, E. 

faecalis, Leuconostoc mesenteroides and Weissella cibaria, whereas, Lactobacillus 

pentosus, and Lb. plantarum subsp. plantarum were found only in marcha samples of 

Nepal. Geographical and altitudinal variations may affect the composition of 

microorganisms in dry starters (Jeyaram et al. 2011; Lv et al. 2012). Traditional 

methods of preparation of marcha, phab, paa, pee and phut are more or less similar 

except some variations were observed in use of substrates such as rice for marcha, 

phut, paa and pee, and maize-rice husk for phab of Bhutan, and also wrapping 

materials for fermenting substrates such as fern leaves (Glaphylopteriolopsis 

erubeseens) for marcha preparation, dry paddy straws for phab, and locally available 

plant leaves for preparation of paa, pee and phut, respectively. Bacterial diversity in 

dry starters of the Eastern Himalayas may be influenced by hygienic conditions, 

quality of cereal substrates,  wrapping materials and source of natural or tap water 

during traditional methods of preparation (Peter-Ikechukwu et al. 2016; Gonelimali et 

al. 2018; Sha et al. 2019). 
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Bacterial profile in marcha of Nepal and Bhutan, paa, pee and phut of Arunachal 

Pradesh and phab of Bhutan has been reported for the first time in our study. Similar 

types of dry starter of Assam in North East India called xaj-pitha also contained 

several species of LAB such as Lactobacillus plantarum, Lb. brevis, Weissella cibaria, 

W. paramesenteroides, W. confusa, Lactococcus lactis, Lactobacillus casei group, 

Leuconostoc lactis, Leuconostoc pseudomesenteroides, Pediococcus pentosus, 

Lactococcus garvie, and Enterococcus sp. (Bora et al. 2016). Thanh et al. (2008) 

reported many species of lactic acid bacteria in Vietnamese banh men which included 

Pediococcus pentosaceus, Lactobacillus plantarum, Lb. brevis, Lb. fermentum, Lb. 

agilis, W. confusa, W. paramesenteroides, and Lactococcus lactis. Enterococcus 

faecium, Lactobacillus plantarum, Leuconostoc mesenteroides, Pediococcus 

acidilactici, P. pentosaceus, Weissella paramesenteroides, and W. cibaria were 

reported from nuruk of Korea (Hoon et al. 2013). Several species of LAB in 

Cambodian dombea were also reported Weissella cibaria, Lactobacillus plantarum, 

Lactococcus lactis, Pediococcus pentosaceus and Enterococcus durans (Ly et al. 

2018). This justifies that species of LAB predominate the microbial composition of 

traditionally prepared dry starters in Asia including the Eastern Himalayas. LAB may 

be favourable bacteria in cereal based beverages due to their ability to improve protein 

digestibility, enhance organoleptic quality and increase nutritional bioavailability 

(Luana et al. 2014). Species of Weissella, Lactobacillus, Lactococcus, Leuconostoc, 

Pediococcus and Enterococcus are known for flavour enrichment, production of 

organic acids and antimicrobial activities in Chinese daqu used for liquor production 

(Gou et al. 2015). Enterococcus sp. has been reported to produce enterocins which 

play a major role in preventing the growth of pathogens (Javed et al. 2011). 

Pediococcus has fermentative role in winemaking (Wade et al. 2018). 
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Bacillus spp. (32%) as non-LAB species was also detected in dry starters of the 

Eastern Himalayas. Prevalence of Bacillus sp. may be due to its ability to survive in 

low moisture and high temperature environment (Nuding et al. 2017). Bacillus species 

are also important sources of amylase and protease enzymes involved in 

saccharification and flavour production (Beaumont 2002). Dominance of Bacillus sp. 

was also reported in daqu of China (Wang et al. 2008; Zheng et al. 2012) and banh 

men of Vietnam (Thanh and Tuan 2008). The next abundant bacterium was 

Staphylococcus spp. in the Himalayan starters, which secrete amylase (Li et al. 2014) 

and protease in Chinese daqu (Yang et al. 2017), and also produce lipases for 

production of esters for flavour (Talon et al. 1996) and thus this group of bacteria 

probably play a major role in flavour enhancement in the final product. The prevalence 

of phylum Actinobacteria in some starters of the Eastern Himalayas was only 6% 

which were represented by Kocuria rosea, Micrococcus yunnanensis and 

Brevibacterium frigotolerans. Presence of Actinobacteria has been reported in Chinese 

daqu (Zou et al. 2018) and Indian marcha and thiat (Sha et al. 2017). 

Few species of opportunist pathogens and environmental contaminants such as 

Micrococcus, Stenotrophomonas, Enterobacter, Klebsiella, and Pseudomonas were 

detected only in samples of paa, pee, and phut of Arunachal Pradesh and phab of 

Bhutan. However, the prevalence and populations of these contaminants were low and 

probably that these organisms might have contaminated in the samples during 

traditional method of preparation from substrates and ingredients such as herbs, water, 

utensils, wrapping materials, etc. Gram-negative bacteria were not detected in any 

sample of marcha collected from Nepal, India and Bhutan. In our previous study on 

marcha no pathogenic Gram-negative bacteria were found at genus level analysed by 
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high-throughput sequencing method (Sha et al. 2017). Although most of these bacteria 

are opportunists and probable food borne pathogens, however, some of them such as 

Enterobacter sp. are involved in production of amylases and lipases and also in 

formation of flavour in daqu, starter of China (Li et al. 2015). LAB prevents the 

growth of pathogenic and spoilage microorganisms in foods (Cizeikiene et al. 2013; 

Castellano et al. 2017) and also produce flavour compound (Mukisa et al. 2017). 

A diversity index or phylogenetic metrics is a quantitative measure to show 

phylogenetic relations within different species in a community (Birtel et al. 2015). 

Hence we characterized diversity indexes of bacterial community present in starters of 

the Eastern Himalayas by Shannon diversity index H, Simpson’s index, Dominance 

and Chao1 index. Shannon diversity index H for evaluating bacterial diversity was 

recorded highest in marcha of Sikkim (H:2.305) and lowest in marcha of Darjeeling 

(H:1.121) indicating higher bacterial diversity in marcha of Sikkim as compared to 

other starters. Simpson’s diversity index (1-D) index which considers both number of 

species as well as relative abundance of each species for evaluating diversity showed 

highest value for marcha of Sikkim. The dominance D values were recorded highest 

for marcha samples of Darjeeling and lowest for marcha samples of Sikkim, which 

supports the above inference on bacterial diversity. The dominance D value ranges 

between 0-1, where the value 0 indicates that all taxa are equally present where as a 

value 1 indicates dominance of one taxon over the whole community (Wagner et al. 

2018). Thus the values near to zero indicates a highly diverse eco-system and values 

near to 1 indicates less or homogenous eco-system (Lv et al. 2012). Hence 

phylogenetic matrix of bacterial community present in dry starters of the Eastern 

Himalayas showed high diversity within the community. The Eastern Himalayas was 

known for their rich flora and fauna diversity within a wide eco-system (Chettri et al. 
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2010), our findings also supplement the richness of microbial diversity in food eco-

system of the Eastern Himalayas.   

Bacterial community and their interactions in starters are extremely important for 

fermentation which may enhance the productivity and develop flavour quality to end 

product (Cai et al. 2018). There has been an increasing concern on the safety of 

fermented beverages, due to presence of ethyl carbamate which is considered as 

carcinogenic (Ryu et al. 2015), biogenic amines (Liu et al. 2016),  mycotoxin 

(Sivamaruthi et al. 2019), and contamination by opportunistic microbial pathogens 

(Hong et al. 2016). All these considerations mandate a deep understanding of 

the microbial community in starters. Also, profile of native microorganism in these 

starters opens a possibility of finding novel strain(s) with functional properties for 

industrial purposes. This study also records the bacterial diversity of phab of Bhutan 

which is found to be produced rarely by few ethnic people of Bhutan, probably due to 

their more preference to commercial marcha, similar to phab, sold in local markets. 

Bacteria present in traditionally prepared dry starters have no amylolytic activities 

(Thapa and Tamang 2004), however, they may contribute in acidification of 

fermenting substrates and impart flavour with mild acidic and sour taste to traditional 

alcoholic beverages (kodo ko jaanr, opo, apong and themsing) preferred by the 

Himalayan people (Tamang and Thapa 2006; Tamang et al. 2007). 

 

Culture Independent Analysis 

The alpha diversity analysis based on Shannon, Chao1 and Simpson’s diversity index 

revealed a very rich bacterial diversity in marcha of Sikkim. The results obtained in 

Metagenomic analysis using high-throughput sequencing (HTS) tool of marcha of 

Sikkim showed significant variations from those obtained in 16S rRNA analysis. The 
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amplicon sequencing yielded Proteobacteria (53%), Firmicutes (45.4%) and other 

minor phyla (0.8%) showing the abundance of phylum Proteobacteria. At the family 

level, Acetobacteraceae (50.6%) was found to be the dominant family in marcha 

samples. The predominant bacterial genera found in marcha were Acetobacter 

(52.6%), Fructobacillus (21.1%), Lactococcus (10.3%), Lactobacillus (8.4%), 

Leuconostoc (4.0%), Burkholderia (2.1%) and Gluconacetobacter (1.4%).  

Acteobacter, a genus of acetic acid bacteria though found to be dominant in HTS result 

was not found in culture dependent analysis which could be due to their viable but not 

culturable (VBNC) nature (De Roos and De Vuyst 2018). The abundance of 

Acetobacter could be related to the aerobic nature, ability to tolerate high ethanol 

concentration (10-14%) (Du Toit and Pretorius 2002), along with its enrichment during 

fermentation. The percentage occurrence of Lactobacillus was higher than that of 

Lactococcus and Streptococcus which could be due to the higher tolerance at 

acidic/low pH conditions as compared to the later (Rogosa et al. 1951; Alegría et al. 

2012). Gram negative bacterial genera such as Citrobacter, Cronobacter, 

Enterobacter, Escherichia, Shigella and Pantoea were also found in HTS results but 

the percentage occurrence was quite low (>3.9%). Pediococcus species which was 

prominently found in 16S rRNA analysis and also reported in earlier culture dependent 

studies on marcha (Tamang and Sarkar 1995; Tamang et al. 2007) was however not 

observed in the bacterial diversity profile of HTS. 

 

Probiotic Properties 

Human body and microbes have existed in a close symbiotic association where the 

bacteria have been well studied to play a role in maintaining host homeostasis (Lebeer 

et al. 2008). Bacteria such as LAB form a major and beneficial microbiota of 
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gastrointestinal tract (GIT) and thus have gained importance as being a “green 

therapeutic alternative” (Hemarajata and Versalovic 2012; Archer and Halami 2015). 

Hence in this study we also focused on screening the probiotic attributes of lactic acid 

bacteria such as tolerance to low pH, bile concentration, deconjugation of bile salts, 

hydrophobicity, β galactosidase activity, cholesterol assimilation ability and screening 

of probiotic marker genes. 

The foremost and the most important property that a probiotic strain should possess is 

the ability to adhere and colonize the host intestinal epithelial cells (Garcia-Gonzalez 

et al. 2018; Monteagudo-Mera et al. 2019). The adherence ability of a probiotic strain 

is greatly contributed by cell surface molecules such as proteins, teichoic acids and 

polysaccharides as well as different environmental factors (Polak-Berecka et al. 2014). 

Thus the cell surface hydrophobicity is correlated to adhesion and the bacterial cell 

exhibiting high surface hydrophobicity is considered to have good adherence ability 

(Krasowska et al. 2014). In this study, nine 9 isolates have shown more than 95% 

hydrophobicity in n-hexadecane indicating good adherence property, since 

hydrophobicity index of more than 70% is considered to be hydrophobic (Nostro et al. 

2004). Enterococcus durans BPB21 and Enterococcus durans SMB7 showed the 

highest hydrophobicity of 98%. In earlier reports Enterococcus durans strain VJ119 

isolated from GI of broiler chicken was shown to have 41% cell surface 

hydrophobicity which is quite low compared to our findings (Jeevaratnam and Nallala 

2017). Further the genus Enterococci is also known for its ability to form biofilms 

which is a desirable trait as it prevents the colonization of intestinal epithelium by the 

enteric pathogens (Martin et al. 2008). Thus our isolates showing excellent cell surface 

hydrophobicity (98%) along with well known biofilm forming trait could be an 

appropriate probiotic candidate (Schiffer et al. 2019). 
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The ability to tolerate acid and bile is another mandatory requirement for any strain to 

be probiotic as after colonization the primary barrier is to survive the adverse 

environment of GIT (Terpou et al. 2019). Due to the production of gastric juice (2.5 L) 

in stomach a pH of 3-5 is created post feeding (Cotter and Hill 2003) and thus we have 

checked the ability of LAB strains to tolerate a pH of 3. Majority of the isolates 

showed a high tolerance (between 50% - 96%) at pH 3 in 3 h of exposure, exhibiting a 

good survival capacity in acidic conditions. Leuconostoc mesenteroides SMB13-7 

isolated from marcha of Sikkim showed an excellent viable rate of 96% at pH 3. Diana 

et al. (2015) reported that strains of Leuconostoc mesenteroides isolated from aguamiel 

sap could survive at a pH 2 after 3 h of incubation however; there was a significant 

decrease in viability percentage which ranged between 40% - 49%. Leuconostoc 

mesenteroides strain 41Lac isolated from curd showed a survival rate of 84% in pH 2.5 

(Haghshenas et al. 2017). Enterococcus durans DMB15 from marcha of Darjeeling 

showed no growth (0% viability) at pH 3 which contradicts the earlier findings where 

different strains of Enterococcus durans have been reported to exhibit high survival 

rate at acidic conditions (pH 2 and pH3) (Jeevaratnam and Nallala 2017; Aspri et al. 

2017; Yerlikaya and Akbulut 2020).  

The human liver secretes around 1 L of bile ranging between 0.3%-0.5% in small 

intestine per day (Begley et al. 2005) with the retention time of 4 h (Kiela and Ghishan 

2016). A probiotic strain should be able to tolerate the effects of such bile 

concentration (Ruiz et al. 2013), thus we have checked the ability of LAB to tolerate 

0.3% of bile in this study. Pediococcus acidilactici AKB3, Enterococcus faecalis 

AOB11, Lactobacillus plantarum subsp. plantarum NMB8 and Enterococcus durans 

BPB21 showed a good survival rate of more than 90% in 0.3% bile salts. De Oliveira 
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Vieira et al. (2020) also reported a good tolerance ability of Pediococcus 

acidilactici CE51 strain isolated from meat sausage to 0.3%, 0.6% and 0.9% bile.  

Bile salt hydrolase (BSH) activity is an important probiotic attribute as it is involved in 

deconjugation of bile salts by catalyzing the hydrolysis of amide bond between the 

steroid moiety and amino acid side chain of the bile salts, thus enabling the bacteria to 

endure bile stress in the intestine (Lebeer et al. 2008; Horackova et al. 2020). BSH is 

also known to reduce serum cholesterol level (Corzo and Gilliland 1999; Adebola et al. 

2020). The deconjugated bile salts co-precipitates with cholesterol at a pH below 5 

which then gets bound to the bacterial cells and is excreted through faeces, thus 

reducing the serum cholesterol level (Mathara et al. 2008). About 24% of the isolates 

showed deconjugation of taurodeoxycholic acid (TDC) and 41% of the test isolates 

could deconjugate taurocholic acid (TC). Pediococcus pentosaceus SMB13-1, 

Enterococcus faecium SMB5, Enterococcus faecium SMB15, Enterococcus faecalis 

AOB11, Enterococcus faecium BPB11, Pediococcus pentosaceus BPB13, 

Enterococcus faecium BPB33, Enterococcus durans DMB3, Pediococcus acidilactici 

DMB14 and Lactobacillus plantarum subsp. plantarum NMB7 showed positive results 

with both TDC and TC bile salts. 

Lactose intolerance is a common problem observed in children and adults worldwide 

(Harvey et al. 2018). In this condition the intake of unfermented dairy products leads 

to bloating, abdominal pain, diarrhoea and flatulence (Lomer et al. 2008). This 

condition is marked by the deficiency of the enzyme lactase which breaks down 

lactose into glucose and galactose in the small intestine (Tamang et al. 2016b). The 

ability of microorganisms to produce β-galactosidase enzyme which can breakdown 

lactose and thus alleviate lactose intolerance is a desirable probiotic attribute. In our 

study 65 % of the total test isolates showed a positive result for β-galactosidase and 
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majority of the positive isolates belonged to the genus Enterococcus. Similar findings 

of Enterococci isolates isolated from dairy products showing high β-galactosidase 

activity was reported by Nami et al. (2019). 

Hypercholesterolemia, a condition of elevated serum cholesterol which is one of the 

major risk factor of coronary and cardiovascular diseases has become a reason for 

increasing mortality rate every year (Shehata et al. 2016). The ability of 

microorganism to lower the serum cholesterol level is another attribute that is desired 

in a probiotic candidate (Albano et al. 2018). We have screened the cholesterol 

assimilation ability of our test isolates in this study and we found five isolates showing 

>70% cholesterol assimilation. Enterococcus durans DMB4, E. durans SMB7, E. 

durans AOB14, E. lactis AOB26 and Pediococcus pentosaceus SMB13-1 showed a 

cholesterol assimilation ability of 80%, 78%, 72%, 71% and 72%, respectively. 

Previous studies have also reported Enterococcus durans strains to have good 

cholesterol assimilation ability (Guo et al. 2016; Nami et al. 2019). 

 

Functional Properties 

Phytic acid or phytate are a major storage of myoinositol and phosphate in plant seeds, 

legumes, cereals, nuts and oil seeds (Priyodip et al. 2017). The phytic acids are 

considered an antinutritive factor as it binds to the divalent cations such as Zn2+, Mn2+, 

Ca2+, Mg2+, Fe2+ and amino group derivatives in protein decreasing its bioavailability 

for absorption by the human body (Waters et al. 2015). Further the phytic acid also 

decreases the digestibility of starch by binding to it directly or by inhibiting the α-

amylase enzyme (Oatway et al. 2001; Lee et al. 2015). Phytases are the enzymes that 

breakdown phytic acid and are produced by several plants, microorganism and animals 

(Gupta et al. 2015). However, human body is incapable of producing phytase and thus 
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the ability to produce phytase is an additional and desirable attribute in a probiotic 

candidate (Priyodip et al. 2017). In the present study we also screened the phytase 

producing ability of lactic acid bacterial isolates and we found 86% of the test isolates 

to be positive. An interesting observation in this study was that all Lactobacillus 

isolates were negative for phytase production. However, Lactobacillus species such as 

L. plantarum and L. amylovorus have been reported to be eminent phytase producers 

(Sreeramulu et al. 1996). Scheers et al. (2016) in their study conducted on human 

volunteers have reported that ingestion of vegetables fermented with Lactobacillus 

plantarum increased the bioavailability of iron (Sharma et al. 2020). 

Amylases are the enzymes that break down starch by the hydrolysis of α-D 1, 4 

glycosidic bonds (De Souza and De Oliveira Magalhaes 2010). The insufficient 

production of amylases by the pancreas often causes incomplete digestion of starch in 

the body (Peyrot des Gachons et al. 2016). Probiotic bacteria with functional properties 

such as ability to produce amylases are often a desirable alternative for such problems 

(Guo et al. 2010). We screened the LAB isolates for amylase activity in the present 

study and found that none of the test isolates produced amylase. Similar results were 

also obtained in studies conducted by Tamang et al. (2007). In contradiction to our 

findings, many studies have reported amylase activity in different Lactobacillus 

species (Padmavathi et al. 2018). Vakevainen et al. (2018) have reported the 

amylolytic activity of Lactobacillus plantarum, Lactococcus lactis, Leuconostoc 

pseudomesenteroides and Pediococcus pentosaceus strains isolated from atoleagrio, a 

fermented Mexican maize-based beverage.  

Since alcoholic beverages are the final product produced using the dry starter cultures 

we have also screened the ethanol tolerance ability of LAB isolates. The alcohol 

content of kodo ko jaanr (fermented finger millet beverage) which is prepared using 
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marcha is 4.8% (1.8% – 8.7%) (Thapa and Tamang 2004). Taking this information as 

a standard we have used the ethanol concentration range of 3% - 10% in this test. 86% 

of the test isolates showed optimum tolerance even at 10% ethanol. Enterococcus 

durans DMB4 and Lactobacillus pentosus NMB3 showed tolerance only upto 7% 

ethanol after which no growth was observed. Earlier studies have reported the 

tolerance of Lactobacillus strain up to 16% ethanol (Gold et al. 1992). The ability of 

LAB to tolerate ethanol is substrate as well as strain dependent and is mainly 

associated with the change in the fatty acid composition (from saturated to mono 

unsaturated fatty acids) of cell membrane upon exposure to ethanol (Dombek and 

Ingram 1984). 

 

Safety Evaluation 

One of the major steps before considering any strain to be used as a probiotic 

candidate is its safety assessment. Screening for haemolytic activity and virulence 

genes was done for the safety evaluation of all LAB isolates. High frequency of β 

haemolytic activity by Enterococci strains have been reported in earlier studies 

(Hallgren et al. 2009; Semedo et al. 2003). However, in this study haemolytic activity 

was not found in any of the test isolates. Another mandatory and desirable attribute of 

probiotic strain is the absence of virulence genes. In this study we have screened the 

presence of virulence gene cyl A that codes for cytolysin which causes haemolysis. 

Cytolysin is a haemolytic toxin produced by some strains of Enterococcus fecalis and 

is considered a major risk factor especially in food industry (Nami et al. 2019). High 

prevalence of cyl A genes have been reported in Enterococcus strains by Semedo et al. 

(2003). In this study majority of the LAB isolates belonged to the genera Enterococcus 

because of which we have specifically screened cyl A gene for virulence factor. None 
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of the isolates tested showed the presence of cyl A gene and thus can be considered 

safe in this regard. 

 

Probiotic marker gene detection 

Genetic screening of the probiotic marker gene in the test isolates were also done to 

characterize a potential probiotic candidate. 26 probiotic and functional marker genes: 

rib A, fol P, clp L, bsh, Ir1584, Ir1516, LBA 1446, hdc, odc, tdc, agu A, Mub, fbp, sor, 

sbp, msa, apf, map A, mub1, ped A, ped B, ent A, ent B, ent P,cyl A and bgl gene were 

targeted in this study. Two nutritional marker gene, rib A and fol P which are involved 

in synthesis of B vitamins, riboflavin and folate respectively were also screened. 

Maximum number of the test isolates was positive for rib A gene however only one 

isolate, Enterococcus faecium AOB25 was positive for fol P gene. Probiotic strains 

capable of synthesizing B vitamins is a desirable trait and can be used in food 

fortification as these vitamins are not synthesized by human body. Previous studies 

have also reported the presence of complete pathway for folate synthesis in 

Lactobacillus reuteri strains (Saulnier et al. 2011) and riboflavin biosynthetic operon 

in Lactococcus lactis subsp. cremoris strain NZ9000 (Burgess et al. 2004). The 

detection of these nutrition marker genes in our test isolates suggest the potential of 

these isolates to produce B vitamins, the deficiency of which can cause severe health 

problems. 

Clp L, bsh, Ir1584, Ir1516 and LBA 1446 marker genes for survival in bile salts were 

screened for all the test isolates. The occurrence frequency of bsh gene was quite low 

compared to other genes and was found in only two strains Pediococcus pentosaceus 

SMB13-1 and Enterococcus faecium BPB11. These two strains have also shown 

positive result for deconjugation of TDC as well as TC bile salts in in-vitro analysis 
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suggesting a probable role of bsh gene in hydrolysis of bile salts by these isolates.  

Ir1584 gene was not found in any of the test isolates. From the results obtained we can 

say that clp L, bsh, Ir1516 and LBA 1446 are the genes that are majorly involved in 

tolerance of these isolates to bile salts. 

Genes hdc, odc, tdc, agu A, clp L and Ir1516 were screened for the ability of the test 

isolates to survive low pH. Hdc, odc and tdc genes were not detected in any of the test 

isolates however; the frequency of agu A, clp L and Ir1516 genes was comparatively 

high in all the test isolates. Only four of the isolates; Lactobacillus plantarum subsp. 

plantarum NMB7, Enterococcus durans DMB3, Weissella cibaria SMB9 and 

Pediococcus pentosaceus BPB13 showed the presence of all the 3 genes for low pH 

(agu A, clp L and Ir1516) however, except for Lactobacillus plantarum subsp. 

plantarum NMB7 (70%) all the other isolates showed a very low viability rate at pH 3 

(<40%). Further, Leuconostoc mesenteroides SMB13-7 which showed the highest 

survival rate of 96% at pH 3 did not harbour any of the 6 six genes tested for survival 

at low pH. From this observation we can conclude that some other genes may be 

involved in the survival of these isolates at low pH. The absence of hdc, odc and tdc 

genes could also be considered as a positive characteristic as these genes are also 

associated with the formation of biogenic amines such as putrescine, histamine, and 

tyrosine (Halász et al. 1994, Lu et al. 2007; Turpin et al. 2011; Zhang et al. 2018). 

Among the different biogenic amines histamine is found to have highest toxicity 

(Dadáková et al. 2009) and a concentration level of not more than 2-10 mg/L has been 

recommended to reduce its toxicological effects in alcoholic drinks (Soufleros et al. 

2007). 

Genetic screening of 8 genes (Mub, fbp, sor, sbp, msa, apf, map A and mub1) known to 

confer adherence ability to bacteria to GI tract were done for all the isolates. All the 
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test isolates were negative for mub, sor, sbp and msa gene. Mub 1 and map A gene 

were detected in 73% and 57% of the test isolates. Similar high occurrence of mub 1 

and map A gene in LAB strains isolated from fermented pearl millet slurries were 

reported by Turpin et al. (2012) in their study. Fbp gene which codes for fibronectin 

binding protein was detected in Leuconostoc mesenteroides AKB6 only. Archer and 

Halami (2015) have reported the presence of fbp in Lactobacillus fermentum strains 

isolated from fermented dairy products and infant faecal samples. 62% of the total test 

isolates were positive for apf gene. The apf gene codes for apf proteins which aids the 

bacterial cell in auto-aggregation, co-aggregation and maintenance of cell shape. The 

high occurrence of apf gene in all the bacteria could be related to the small conserved 

sequence of the C terminal region of the apf protein (Goh and Klaenhammer 2010). 

Similar observations were also reported in the findings of Turpin et al. (2012). Only 

one of the isolate Leuconostoc mesenteroides AKB6 showed the presence of all four 

adhesion genes (apf, fbp, map A and mub1). Leuconostoc mesenteroides AKB6 also 

exhibited a high hydrophobicity percentage of 94% suggesting a good adherence 

ability of this isolate.   

The test isolates were also screened for the presence of bacteriocin genes and six 

bacteriocin marker genes were targeted; ped A (pediocin), ped B, ent A (enterococin), 

entB, ent P and cyl A. Bacteriocins are proteins or peptide complexes with 

antimicrobial activity and synthesized by several lactic acid bacteria. Bacteriocin 

producing LAB strains are a demand in pharmaceutical and food industry due to its 

antagonistic activity against spoilage and pathogenic bacteria (Porto et al. 2017). 

Enterococins are bacteriocin produced by Enterococcus genus and ent A, entB and ent 

P genes are mostly found in E. fecalis and E, faecium strains (Moreno et al. 2003). 

Though most of the isolates screened in this study belonged to the genus Enterococcus, 
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ent A, ent B and ent P genes were not detected in any of the test isolates. Cyl A gene 

code for cytolysins which are enterococcal lantibiotics effective against broad range of 

Gram positive bacteria (Ness et al. 2014). Cyl A was not detected in any of the test 

isolates. Ped B was detected in two test isolates; Enterococcus durans DMB13 and 

Pediococcus acidilactici AKB3. Ped B genes are involved in the production of 

pediocin A, a bacteriocin majorly produced by Pediococcus genus. Previous studies 

have shown the occurrence of ped B gene in P. pentoceseus AH1 strain (El-Arabi et al. 

2018). 

Apart from imparting health benefits LAB also play an important role in improving the 

organoleptic properties of fermented foods and beverages. LAB are well known 

producers of β glucosidase enzyme which cause hydrolysis of plant β-D-glucosylated 

precursors and releases a wide range of plant secondary metabolites (Michlmayr et al. 

2014). Such secondary modifications were shown to enhance the flavour and fragrance 

of fermented products and also increase the bioavailability of antioxidative plant 

metabolites (Xiang et al. 2019). The functional marker gene bgl which codes for β 

glucosidase enzyme was detected only in Enterococcus faecium SMB5 suggesting the 

probable role of this isolate in flavour enhancement of final alcoholic beverage. 

Based on the results of probiotic test, functional test, probiotic and functional marker 

gene detection 26 LAB strains showing the best results were selected for further 

analysis. A significant variation in the expression of different probiotic attributes was 

observed amongst the test isolates in this study. The probable reason for such variation 

could be the species and strain specificity in the mechanisms involved in the 

expression of such probiotic attributes. 
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CONCLUSION 
 
The preparation of dry starter cultures is an ancient traditional technology which 

prevails amongst the ethnic communities residing in the Eastern Himalayan regions of 

eastern Nepal, India (Darjeeling hills, Sikkim and Arunachal Pradesh) and Bhutan. The 

consumption of fermented alcoholic beverages prepared using these dry starters is a 

major part of socio-cultural activities of indigenous communities of the Eastern 

Himalayas. Traditionally prepared dry starter cultures consist of consortia of bacteria, 

filamentous fungi and yeast which has been conserved, sub-cultured and passed on for 

centuries. The diminishing practise of making traditional dry starters for fermented 

beverages demands and necessitates a comprehensive study on these dry starter 

cultures. Information on microbial composition of traditionally prepared dry starters 

viz. phab, paa, pee and phut of the Eastern Himalayan regions of India, Nepal and 

Bhutan was unknown except marcha of Sikkim in India. This study aims to generate a 

complete profile on bacterial diversity of traditional starters of the Eastern Himalayas 

based on 16S rRNA sequencing. Metagenomic study of marcha of Sikkim was also 

done and a significant variation was found in the comparative analysis of bacterial 

diversity profile obtained from culture dependent and independent technique. 

Interestingly a very high diversity of bacterial community was found in the traditional 

dry starters which open a new area of research on importance and mode of coexistent 

of different bacterial genera and different microbial communities within these 

traditional dry starters. An attempt has been made to screen out few potent probiotic 

candidate strain based on probiotic and functionality tests of the LAB isolates. 

Detection of probiotic and functional marker genes of the test isolates has also been 

done. Eighteen LAB isolates with the best probiotic and functionality attribute and 

distinct marker genes have been chosen for further studies. This study holds its 
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uniqueness in being the first report on bacterial diversity of dry starters of the Eastern 

Himalayas along with extensive information on probiotic, functional characteristics 

and genetic screening of probiotic marker gene of the LAB isolated from these dry 

starters. 
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SUMMARY 
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This Thesis was aimed to study the bacterial diversity in traditionally prepared dry 

starters of the Eastern Himalayan regions of India, Nepal and Bhutan. The probiotic 

and functional attributes of the LAB isolates from the dry starters were also evaluated 

which were further aided by the genetic screening of probiotic and functional marker 

genes. A complete documentation on the traditional methods of preparation of dry 

starters found in the Eastern Himalayan region was also done during this research. 

During this study, I personally visited and documented by interviewing the ethnic 

communities involved in preparations of these starters, the different places in the 

Eastern Himalayas viz. Dharan, Dhankutta, Hattikharka and Hiley districts in Nepal, 

Darjeeling and Kalimpong districts of West Bengal in India, Pakyong, Gangtok, Recab 

and Basilakha village of Sikkim in India, lower Subansiri, upper Subansiri and Ziro 

valley of Arunachal Pradesh in India and Gedumari, Thimpu and Dhonakha in Bhutan 

were visited for this study. Fresh samples of dry starters along with plant samples used 

for the starter preparation were collected for microbial analysis and study of ethno-

microbiology, respectively. This study also documented the preparation process of 

phab (dry starter prepared only by Drupka community of Bhutan), a rare and unique 

dry starter which is being constantly replaced by the use of marcha in Bhutan and 

hence is at the verge of extinction. During this study, 35 different traditionally 

prepared dry starters viz 8 samples of marcha from Nepal, 5 samples of marcha from 

Darjeeling hills, 8 samples of marcha from Sikkim, 5 samples of marcha from Bhutan, 

2 samples of paa, 3 samples of pee and 2 samples of phut from Arunachal Pradesh and 

2 samples of phab from Bhutan were collected. The moisture contents of all dry starter 

samples ranged between 6%-15%. The moisture content of marcha of Bhutan was 

recorded to be the highest amongst the starter samples collected with an average 

moisture content of 13.76%. Average moisture content of phab samples of Bhutan was 
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found to be lowest with the moisture content of 6.17%. The pH of all dry starter 

samples was acidic and ranged within 5.0-5.9. Culture-dependent as well as culture- 

independent techniques were used in this study for bacterial community analysis and 

for comparative evaluation of the results obtained from both the techniques. The 

bacterial count of all the 35 traditionally prepared dry starter samples ranged from 

1.0x105 cfu/g to 2.7x108 cfu/g. The highest microbial load was recorded in marcha 

samples of Sikkim with an average bacterial load of 1.9 x108 cfu/g, whereas the lowest 

bacterial count was recorded in marcha samples of Bhutan with the average bacterial 

load of 1.0x105cfu/g. A total of 201 bacterial isolates were isolated from 35 

traditionally prepared dry starter viz. 49 isolates from marcha of Sikkim, 38 isolates 

from marcha of Darjeeling hills, 34 isolates from marcha of Nepal, 18 isolates from 

marcha of Bhutan, 12 isolates from paa, 17 isolates from pee, 11 isolates from phut all 

from Arunachal Pradesh, and 22 isolates from phab of Bhutan. Out of 201 isolates, 

183 bacterial isolates were Gram-positive and 18 isolates were Gram-negative. All the 

isolates were subjected to phenotypic and biochemical tests and based on the results 

obtained from these tests the isolates were tentatively identified into 6 genera of Gram-

positive bacteria: Pediococcus, Enterococcus, Leuconostoc, Bacillus, Lactobacillus 

and Staphylococcus and 2 genera of Gram-negative bacteria: Enterobacter and 

Citrobacter (Bergey’s manual of bacteriological classification). Sixty-eight 

representative strains of bacteria were randomly selected from 201 isolates based on 

phenotypic characterizations and biochemical tests for genotypic characterization. The 

PCR amplification of 16S rRNA gene of all the 68 isolates were done and sequenced 

using Sanger sequencing method. The sequences retrieved from 16S rRNA gene 

sequencing were assigned the nucleotide accession numbers (MK748250-MK748278, 

MK202997-MK203032 and MK752675-MK752677) and deposited in GeneBank-
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NCBI. Identification of the isolates by 16S rRNA gene sequence and phylogenetic 

analysis was performed by using Basic Local Alignment Search Tool (BLAST) and 

MEGA-7, respectively. According to the results obtained from 16S rRNA sequencing 

data, three phyla of bacteria were observed in the starter samples: Firmicutes (85%) 

was dominant phylum, followed by Proteobacteria (9%) and Actinobacteria (6%). In 

marcha samples of Nepal, dominance of phylum Firmicutes represented by 80% was 

observed. Phylum Firmicutes (100%) was observed in marcha samples of Darjeeling 

and Bhutan. Dominance of phylum Firmicutes (92%) followed by Actinobacteria (8%) 

was found in marcha sample of Sikkim. Dominance of phylum Firmicutes (80%) 

followed by phylum Proteobacteria (20%) was observed in paa samples. Pee samples 

had 67% of phylum Firmicutes, 16% of phylum Proteobacteria and 17% of phylum 

Actinobacteria. In phut samples dominance of phylum Firmicutes (75%) was observed 

followed by phylum Proteobacteria (25%). Similarly, Firmicutes (57%) was the 

dominant phylum in phab of Bhutan, followed by phylum Proteobacteria (43%). 

Based on 16S rRNA sequencing data, 15 genera with 32 species of bacteria were 

identified in dry starters of the Eastern Himalayas, which included Leuconostoc (3%), 

Enterococcus (41%), Bacillus (13%), Staphylococcus (12%), Lactobacillus (5%), 

Enterobacter (4%), Klebsiella (2%), Pseudomonas (2%), Pediococcus (9%), 

Strenotrophomonas (2%), Kocuria (2%), Brevibacterium (3%), Lysinibacillus (2%), 

Weisella (2%) and Micrococcus (2%). In marcha samples of Nepal, Brevibacterium 

frigoritolerans (20%) and Lactobacillus plantarum (20%) were found dominant 

bacterial species. In marcha samples of Darjeeling and Sikkim Enterococcus durans 

(55%) and Enterococcus faecium (22%) were found dominant species. In samples of 

Arunachal Pradesh, Enterococcus faecium (20%) was the dominant species. 

Staphylococcus warneri represented by 24% of the total isolates was the dominant 
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bacterium in starter sample marcha of Bhutan. The lactic acid bacteria (LAB) were 

found dominant group represented 59% of total bacterial isolates followed by non-

LAB (31%) and Gram-negative bacteria (9%). Enterococcus durans was found the 

dominant LAB species represented by 18%, followed by E. faecium (13%) of the total 

bacterial isolates. Other LAB species found in the starter samples were Enterococcus 

faecalis, E. hirae, E. lactis, Pediococcus acidilacti, P. pentosaceus, Lactobacillus 

plantarum subsp. plantarum, Lb. pentosus, Leuconostoc mesenteroides and Weissella 

cibaria. Species of LAB were found in all samples with the highest occurrence in 

marcha samples of Darjeeling (91%) and lowest in marcha of Nepal (30%). The non-

LAB species found in samples were Bacillus subtilis subsp. inaquosorum, B. 

circulans, B. albus, B. cereus, B. nakamurai, B. nitratireducens, B. pseudomycoides, B. 

zhangzhouensis, Kocuria rosea, Staphylococcus hominis subsp. hominis, S. warneri, S. 

gallinarum, S. sciuri, Lysinibacillus boronitolerans, Brevibacterium frigoritolerans 

and Micrococcus yunnanensis. The highest occurrence of non-LAB species of bacteria 

(70%) were found in marcha samples of Nepal and lowest in marcha samples of 

Darjeeling (9%). Gram negative bacteria: Stenotrophomonas maltophilia, Klebsiella 

pneumonia, Pseudomonas putida and Enterobacter hormaechei subsp. xiangfangensis 

and E. hormaechei subsp. steigerwaltii were found in dry starter samples of Arunachal 

Pradesh and Bhutan however, this group of bacteria were not found in any of the 

marcha samples in this study. 

We also profiled the bacterial community in samples of marcha of Sikkim by high-

throughput sequencing (HTS). Based on operational taxonomic units (OTUs), 15 

bacterial phyla were recovered in marcha samples, out of which phylum 

Proteobacteria and Firmicutes were observed. Acetobacteraceae (50.6%) was found 

dominant family followed by Leuconostocaceae (25.5%), Streptococcaceae (10.5%), 



 208 

Lactobacillaceae (8.38%), Burkholderiaceae (2.13%) and Staphylococcaceae (0.54%). 

In genus level Acetobacter (52.6%) was dominant genus, followed by Fructobacillus 

(21.1%), Lactococcus (10.3%), Lactobacillus (8.4%), Leuconostoc (4.0%), 

Burkholderia (2.1%) and Gluconacetobacter (1.4%). High occurrence of Gram-

negative bacteria such as Acetobacter, Burkholderia, Gluconacetobacter, Citrobacter, 

Cronobacter, Enterobacter, Escherichia, Shigella and Pantoea was detected in marcha 

of Sikkim by HTS data, whereas, this group of bacteria was not observed in culture-

dependent study. Our study concludes a very high and rich diversity within the 

bacterial community in traditionally prepared starters of the Eastern Himalayas. 

Probiotic characteristics such as resistance to acidic condition (pH 3), 0.3% Bile 

concentration, deconjugation of bile salts, hydrophobicity, β-galactosidase and 

cholesterol assimilation ability of 37 LAB isolates were also screened. Leuconostoc 

mesenteroides SMB13-7 isolated from marcha of Sikkim showed the highest survival 

rate of 96% in pH 3. Pediococcus acidilactici AKB3 from marcha of Darjeeling 

showed a highest survival rate of 97.26% in 0.3% bile salts. About 24% and 41% of 

the total isolates showed the ability to deconjugate taurodeoxycholic acid and 

taurocholic acid respectively. About 86% of the bacterial isolates showed high 

adherence ability of more than 70%, among which, Enterococcus durans BPB21 of 

phab (Bhutan) and Enterococcus durans SMB7 isolated from marcha (Sikkim) 

showed the highest hydrophobicity percentage of 98%. Hydrophobicity is directly 

related to the adherence ability of bacteria to host cell surfaces hence, from the results 

obtained we can conclude that the LAB isolates have good adherence ability indicating 

their projection as probiotic candidates. Similarly, 65% and 35% of the total isolates 

showed positive results for β galactosidase activity and cholesterol assimilation 

activity, respectively. Enterococcus durans DMB4 showed the highest cholesterol 
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assimilation of 80%. The β galactosidase and cholesterol assimilation activity is a 

desirable probiotic characteristic especially in patients suffering from lactose 

intolerance and increased serum cholesterol level and coronary heart disease 

respectively. The results obtained in in-vitro probiotic screening tests were further 

validated with genetic screening of probiotic marker genes such as clp L, bsh, Ir1584, 

Ir1516 and LBA 1446 genes for survival in bile; hdc, odc, tdc, agu A, clp L and Ir1516 

genes for survival in low pH; Mub, fbp, sor, sbp, msa, apf, map A and mub1 genes for 

adherence and ped A, ped B, ent A, entB, ent P and cyl A bacteriocin genes for 

antimicrobial activity.  

Apart from probiotic attributes, the LAB isolates in this study were also screened for 

functional properties such as production of phytase, amylase and β-glucosidase, ability 

to tolerate various concentrations of ethanol and ability to synthesize vitamins such as 

riboflavin and folate. About 86% of the total isolates showed the ability to produce 

phytase, the anti-nutritive degrading factor indicating significant role in enhancing the 

nutritional quality of food. None of the tested isolates were able to produce amylase 

enzyme hence, we can conclude that they have no role in saccharification and 

liquefaction of starchy substrates. About 86% of bacterial isolates showed optimum 

tolerance at 10% ethanol. Enterococcus durans DMB4 and Lactobacillus pentosus 

NMB3 could not survive in ethanol concentration of >7% ethanol suggesting a poor 

alcohol tolerance ability. Twenty two LAB isolates were found positive for rib A gene 

involved in riboflavin biosynthesis and only one strain Enterococcus faecium AOB25 

showed the presence of fol P gene for folate biosynthesis. The ability to synthesize 

vitamins is a desired attribute in a probiotic candidate which can thus be used for food 

fortification. The ability of the tested isolates to produce β-glucosidase was evaluated 

by genetic screening of bgl gene which codes for the enzyme β-glucosidase. Bgl gene 
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was detected only in Enterococcus faecium SMB5 suggesting the probable role of this 

isolate in flavour enhancement of final alcoholic beverage. 

For any strain to be considered a potent probiotic candidate it should mandatorily 

qualify the safety evaluation tests. In this study we have screened the in-vitro 

haemolytic activity and presence of virulence gene cyl A for the safety evaluation of 

the LAB isolates. None of the isolates showed hemolysis in in-vitro test. Virulence 

gene cyl A was not found in any of the tested isolates hence, the bacterial isolates from 

dry starters of the Eastern Himalayas may be considered safe. Based on the probiotic 

and functional test results, a total of 26 LAB isolates have been selected as a potential 

probiotic candidate strains which may be further evaluated and tested in future study. 

This study holds its uniqueness in presenting the first report on the complete 

information on bacterial diversity, probiotic and functional characterization of the 

bacterial isolates, and genetic screening of probiotic and functional marker genes in the 

bacteria of traditionally prepared dry starters of the Eastern Himalayas.  
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Highlights of Findings 

• Traditional prepared dry starters of the Eastern Himalayan regions of India, Nepal and 

Bhutan were documented and studied: marcha, phab, paa, pee and phut. 

• Based on 16S rRNA gene sequencing: LAB- Enterococcus durans, E. faecium, E. 

faecalis, E. hirae, E. lactis, Pediococcus acidilacti, P. pentosaceus, Lactobacillus 

plantarum subsp. plantarum, Lb. pentosus, Leuconostoc mesenteroides, and Weissella 

cibaria; Non-LAB- Bacillus subtilis subsp. inaquosorum, B. circulans, B. albus, B. 

cereus, B. nakamurai, B. nitratireducens, B. pseudomycoides, B. zhangzhouensis, 

Kocuria rosea, Staphylococcus hominis subsp. hominis, S. warneri, S. gallinarum, S. 

sciuri, Lysinibacillus boronitolerans, Brevibacterium frigoritolerans and Micrococcus 

yunnanensis; Gram-negative bacteria- Stenotrophomonas maltophilia, Klebsiella 

pneumonia, Pseudomonas putida and Enterobacter hormaechei subsp. xiangfangensis 

and E. hormaechei subsp. Steigerwaltii. 

• Very rich and diverse ecosystem in marcha of Sikkim 

• High-throughput sequence data of marcha of Sikkim showed the bacterial community: 

Acetobacter, Fructobacillus, Lactococcus, Lactobacillus, Leuconostoc, Burkholderia, 

Gluconacetobacter, Citrobacter, Cronobacter, Enterobacter, Escherichia, Shigella 

and Pantoea. 

• Based on the results of test for probiotic attributes and gene detection, 18 bacterial 

strains were selected as probiotics candidates. Lactobacillus plantarum subsp. 

plantarum NMB7; Leuconostoc mesenteroides AKB6, SMB13-1, SMB13-7; 

Enterococcus durans DMB3, DMB6, AOB14, SMB7, DMB4, BPB21, BPB4; 

Pediococcus acidilactici AKB3, DMB12; Weissella cibaria SMB9; Pediococcus 

pentosaceus BPB13; Enterococcus lactis AOB26; Enterococcus faecalis AOB11, 

SMB3. 
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• Strains showing excellent functional properties were selected: Pediococcus acidilactici 

DMB14, Enterococcus durans DMB15, BPB18; Enterococcus faecium SMB21, 

AOB4, AOB15, AOB25; Enterococcus faecalis AOB2. 
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Schematic Representation of PhD Work  
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a b s t r a c t

Background: Marcha is an ethnic amylolytic starter that is used to ferment boiled cereals to produce
alcoholic drinks, commonly called jaanr, in the Himalayan Regions of Sikkim and Darjeeling of India.
Methods: The aim of this study was to investigate yeast flora of marcha collected from Sikkim in India by
phenotypic characterization and polymerase chain reactionedenaturing gradient gel electrophoresis
(PCR-DGGE).
Results: The average load of yeast in marcha was 6.0 � 108 colony-forming units/g. The phenotypic
characterization of yeast isolates from marcha showed the presence of Candida, Pichia, Torulospora,
Schizosaccharomyces, Kluveromyces, Issatchenki, and Saccharomycopsis. The PCR-DGGE bands showed the
dominance of Wickerhamomyces anomalus (72%) and Pichia anomalus (28%) in marcha. W. anomalus was
reported for the first time from marcha using PCR-mediated DGGE.
Conclusion: This is the first report on the yeast community associated with marcha analyzed by PCR-
mediated DGGE.
© 2016 Korea Food Research Institute. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The traditional way of preparation of amylolytic starters is a
unique technology of preservation of native microorganisms, con-
sisting of consortia of amylolytic and alcohol-producing yeasts,
molds, and some lactic-acid bacteria, with rice or wheat as the base
in the form of dry, flattened, or round balls, for alcoholic beverage
production in Asia [1]. Amylolytic starters in Asia have different
vernacular names such asmarcha in India, Nepal, andBhutan, hamei,
humao, and phab in India [2e4],mana andmanapu in Nepal [5],men
in Vietnam [6], bubod in the Philippines [7], chiu/chu in China and
Taiwan [8], loogpang inThailand [9], ragi in Indonesia [10], andnuruk
in Korea [8].Marcha is a nonfood starter culture uses for production
of various ethnic alcoholic beverages in the Darjeeling Hills and
Sikkim in India, Nepal, and Bhutan [3]. It is a dry, round-to-flattened,
creamy to dusty white, solid ball-like starter (Fig. 1). During its

preparation, soaked glutinous rice is crushed in a foot-driven heavy
woodenmortar, with the addition of the roots of Plumbago zeylanica
L., leaves of Buddleja asiatica Lour, flowers of Vernonia cinerea (L.)
ginger, red dry chili, and 1% of previously prepared powdered
marcha for back-sloping fermentation [2]. The mixed dough is
kneaded into round or flat cakes of different sizes and shapes that
are placed individually on a platform suspended below the bamboo-
made ceiling above the earthen kitchen, beddedwith fresh fronds of
fern Glaphylopteriolopsis erubescens (Wall ex Hook.) Ching, and
covered with dry fronds of fern and jute bags and are then left to
ferment for 1e3 days. Finally, cakes ofmarcha are sun dried for 2e3
days and stored in a dry place at room temperature for > 1 year.
Application of polymerase chain reactionedenaturing gradient gel
electrophoresis (PCR-DGGE), a culture-independent method, is
widely applied to studymicrobial diversity [11e13]. Some species of
yeasts such as Candida, Debaryomyces, Hansenula, Kluyveromyces,
Pichia, Saccharomyces, Saccharomycopsis, Schizosaccharomyces, Tor-
ulopsis, and Zygosaccharomyces were previously reported from
samples of marcha using culture-dependent approaches [7,14,15].
However, a culture-independent method using PCR-DGGE has not
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been applied yet in profiling of yeast flora in marcha. The present
study aimed to profile yeast flora directly from marcha samples
using PCR-mediated DGGE.

2. Materials and methods

2.1. Sample collection

Ten samples of drymarchawere collected from the local market
or villages of Sikkim in presterile polythene bags, and were stored
in a desiccator at room temperature until analysis.

2.2. Culture-dependent analysis

2.2.1. Isolation of microorganisms
Ten grams of powdered marcha was mixed in 90 mL physio-

logical saline (0.85%) and homogenized in a Stomacher Lab-Blender
400 (Seward, Worthing, UK) for 1 minute. Serial dilutions were
prepared in sterile diluent and mixed with the molten media and
poured into plates. Plates of yeast extractemalt extract agar (M424;
HiMedia, Mumbai, India) for enumeration of yeasts were incubated
at 30�C for 48 hours. Yeast isolates were purified and preserved
at �20�C in yeast extractemalt extract broth (M425; HiMedia)
mixed with 20% (v/v) glycerol.

2.2.2. Phenotypic characterization
Cell morphology of yeast isolates was determined using a phase

contrast microscope (CH3-BH-PC; Olympus, Tokyo, Japan). Yeast
cultures have been characterized on the basis of mycelium type,
ascospore type, nitrate reduction, growth at 37�C and 45�C, sugar
fermentation, and sugar assimilation following the methods of
Kurtzman et al [16].

2.3. Culture-independent analysis

2.3.1. DNA extraction from sample
Ten grams of powdered marcha was homogenized in 90 mL of

0.85% w/v sterile physiological saline, and subsequently filtered.
The resulting filtered solutions were centrifuged at 14,000 g for 10
minutes at 4�C, and pellets were subjected to DNA extraction using
the Wizard Genomic DNA Purification Kit (Promega, Madison, WI,
USA) after glass bead (0.2e0.5 mm diameter; Sigma-Aldrich, Roth,

Germany) beating to rupture the cell walls. The yield and quality of
DNA were detected through agarose gel electrophoresis (1.0%),
which was stained with ethidium bromide solution.

2.3.2. PCR amplification and DGGE analysis
PCR-DGGE analysis was performed as described previously [17].

Coated PCR with primers sets ITS1-F, ITS4, ITS2, and ITS1F-GC was
used to amplify yeast ITS region [18]. A 40-base (50-CGC CCG CCG
CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG G-30) attached to
the 50 end of the ITS1-F primer was used to stabilize the melting
behavior of the DNA fragments during DGGE analysis [19]. The first
round of PCRs was carried out in a Mastercycler (Applied Bio-
systems, Foster City, CA, USA) using 25-mL reaction volumes con-
taining: 1 mL DNA template, 0.25 mL each primer (10mM), 12.5 mL 2�
Go Taq Master Mix (Promega), and 11 mL nuclease-free water. PCR
cycle was programed as follows: 94�C for 4 minutes followed by 10
cycles of 94�C for 1 minutes, lowering the annealing temperature
from 65�C to 55�C in 1�C steps for each cycle for 1 minute, 72�C for
1 minute, and finally 25 cycles of 94�C for 1 minute, 55�C for 1
minute, 72�C for 1minute, and followed by a final extension at 72�C
for 7 minutes. The second PCRs were carried out in a Mastercycler
(Applied Biosystems) using 50-mL reaction volumes containing:
1 mL first PCR production, 0.5 mL each primer (10mM), 25 mL 2� Go
Taq Master Mix (Promega) and 23 mL nuclease-free water. Cycling
parameters were the same as for the first round of PCR. All
amplified products were analyzed by electrophoresis in 1.2% (w/v)
agarose gel, stained with ethidium bromide, and visualized under
UV light. DGGE analysis was carried out using the PCR products in
an universal mutation detection system (DGGEK-1001-220; CBS
Scientific, Del Mar, CA, USA) following the procedure described by
El Sheikha et al [20]. Samples containing approximately equal
amounts of PCR amplicons (30 mL) were loaded into 8% (w/v)
polyacrylamide gels (acrylamide/N, N0-methylene bisacrylamide,
37.5/1; Promega) in 1� TAE buffer (40mM TriseHCl pH 7.4, 20mM
sodium acetate, 1.0mM Na2-EDTA). Electrophoresis was performed
at 60�C in a denaturing gradient ranging from 40% to 60% [100%
corresponded to 7M urea and 40% (v/v) formamide; Promega], at
20 V for 10 minutes and then at 130 V for 4.5 hours, and the gels
were stained for 30 minutes with ethidium bromide and then
photographed on a gel documentation unit (GelDoc 1000; Bio-Rad,
Hercules, CA, USA).

2.3.3. Identification of bands
Individual DGGE bands were excised, resuspended in 20 mL

sterile TriseEDTA buffer, and stored at 4�C overnight. An aliquot of
supernatant was used as a DNA template for PCR reamplification as
described above, and electrophoresed with DGGE. Band excision,
PCR, and DGGE were repeated until a single band was present. PCR
products generated from DGGE bands were amplified with primers
ITS2 and ITS-1f (without the GC clamp) for sequencing using DNA
sequencer (Applied Biosystems). Sequences of major bands ob-
tained from the DGGE gel fragments were compared with the
GenBank database using the web-based nucleotideenucleotide
BLAST search engine hosted by the National Center for Biotech-
nology Information (Bethesda, MD, USA) for identification (http://
www.ncbi.nlm.nih.gov) [21].

2.3.4. Phylogenetic analysis
The BLAST program was used for comparing DNA databases for

sequence similarities available on the EzTaxon server (http://
eztaxon-e.ezbiocloud.net/). Molecular evolutionary genetics anal-
ysis software (MEGA version 6, US National Library of Medicine,
National Institution of Health) was used for phylogenetic analyses
[22].

Fig. 1. Marcha, amylolytic starter of Sikkim in India.

S.P. Sha et al / Polymerase-chain-reaction in marcha 293

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://eztaxon-e.ezbiocloud.net/
http://eztaxon-e.ezbiocloud.net/


3. Results

3.1. Phenotypic characterization of yeasts

The average load of yeast in marcha was calculated as 6.0 � 108

colony-formingunits/g (data not shown). A total of 50 yeasts isolates
were isolated from 10 samples ofmarcha. Characterization of yeasts
isolated from different marcha samples of Sikkim, which were
phenotypically identified on the basis of colony morphology, cell
morphology sugar fermentation, and sugar assimilation tests
(Table 1). Out of 50 isolates,19 representative isolates were grouped
based on colony appearance, cell shape, type of mycelia and asco-
spores, pellicle formation, nitrate reduction, and growth at 37�C and
45�C (Table 1). All 50 isolateswere tested for sugar fermentation and
sugar assimilation for identification up to genus level (Table 1).
Tentatively the following yeast genera were identified: Candida
(18%), Pichia (14%), Torulospora (14%), Schizosaccharomyces (16%),
Kluveromyces (10%), Issatchenki (20%), and Saccharomycopsis (8%).

3.2. PCR-DGGE analysis

DNAwas directly extracted frommarcha samples. The results of
PCR-DGGE analysis showed the diversity of yeast (Fig. 2). Five bands
were identified as Wickerhamomyces anamolus and two bands as
Pichia anamolus. Detected in eight of the 10 samples, W. anamolus
(DGGE bands MY1, MY3, MY4, MY7, and MY8) was found to be the
most abundant yeast species. P. anamolus (DGGE bands MY5 and
MY6) was detected frequently in marcha (Fig. 2). Nevertheless, it is
worthwhile to note that some yeast species were only detected by
DGGE in some samples, for example, W. anamolus was found in
marcha samples with an intense DGGE band. By contrast,
P. anamoluswas detected both by culture independent (PCR-DGGE)
as well as culture-dependent techniques (conventional microbio-
logical method). However, we were not able to identify the minor
bands (MY9eMY13) since they could not be excised from the gels
due to their low intensity.

The selected seven isolates were identified by partial 18S rRNA
gene sequencing and were compared to the EzTaxon server

database for their phylogenetic relationship using MEGA 6.06
version software (Fig. 3). Five of the isolates were identified as
W. anamolus (MY1, MY3, MY4, MY7, and MY8) and two as
P. anomalus (MY5, MY6). Identification based on BLAST comparison
in GenBank of the bands obtained by PCR-DGGE gel using universal
primers NL1/LS2 is shown in Table 2.

4. Discussion

The diversity of yeasts associated with amylolytic starters may
be closely related to the rawmaterial used and the regional climate

Table 1
Characterization of yeasts isolates from marcha.

Representative
strains*

No. of
grouped
strains

Pellicle
formation

Nitrate
reduction

Sugar fermentationy Tentative genera

Cellobiose Arabinose Ribose Mannose Raffinose Aesculin Galactose Trehalodse Xylose

GM:Y12 2 þ � � � þ þ þ þ þ � þ Saccharomyces
GM:Y21 2 þ � � � þ 1/1 þ þ þ � � Saccharomyces
GM:Y50 3 þ � 2/1 � þ þ þ þ 2/1 þ þ Saccharomyces
GM:Y34 3 � þ þ þ þ þ þ þ þ � þ Pichia
GM:Y43 2 � þ þ þ þ þ þ þ þ � þ Pichia
GM:Y7 3 � � þ � � � � � � � 2/1 Candida
GM:Y37 2 � � þ � � � � � � � þ Candida
GM:Y4 2 þ � � � þ þ � þ þ � � Issatchenkia
GM:Y36 2 þ � � � þ þ � þ þ � � Issatchenkia
GM:Y10 2 þ � � � þ þ � þ þ � � Issatchenkia
GM:Y29 4 þ � þ þ 3/1 þ þ þ þ þ � Kluveromyces
GM:46 3 þ � þ þ 2/1 þ þ þ þ þ � Kluveromyces
GM:Y5 3 þ � þ þ þ þ þ þ þ þ � Schizosaccharomyces
GM:49 2 þ � þ þ þ þ þ þ þ þ � Schizosaccharomyces
GM:Y15 3 þ � þ þ þ þ þ þ þ þ � Schizosaccharomyces
GM:Y22 2 þ � þ 1/1 þ þ þ þ þ þ þ Saccharomycopsis
GM:Y41 2 þ � þ 1/1 þ þ þ þ þ þ þ Saccharomycopsis
GM:Y1 4 þ � � þ þ 3/1 þ þ þ þ þ Torulospora
GM:Y18 4 þ � � þ þ 3/1 þ þ þ þ þ Torulospora

þ, all strains positive; �, all strains negative; (../..), number of positive/negative strains.
* All yeast cells were oval to circular, colonies of all strains were smooth and creamy white, showed pseudo mycelia. All strains grew well at 37�C, but not at 45�C, except

Kluveromyces grew at 45�C.
y All strains fermented sucrose, glucose, fructose, galactose, maltose, and no strains fermented lactose, except Kluveromyces, and all strains assimilated sugars except lactose.

Fig. 2. Denaturing gradient gel electrophoresis profile of bands. 1, Wickerhamomyces
anomalus; 2, 9, 10, and 11e13 unidentified; 3, W. anomalus; 4, W. anomalus; 5, Pichia
anomalus; 6, P. anomalus; 7, W. anomalus; 8, W. anomalus.
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where they are produced [23]. Saccharomycopsis fibuligera,
Saccharomyces cerevisiae, W. anomala, Pichia guilliermondii, and
Candida sp. are the most common yeasts present in rice-based
starters of Asia [24e26]. It is interesting to find that yeast species
(W. anomalus) could not be detected by conventional media but has
been detected by PCR-DGGE analysis. W. anomalus has been re-
ported in hong-qu and yao-qu, traditional amylolytic starters of
China [27,28] and banh men, a traditional Vietnamese starter [29].
However, we noticed that P. anomala, Issatchenkia, S. cerevisiae,
Torulospora, Kluveromyces, Candida musae, S. fibuligera, and Sac-
charomycopsis spp., which were detected in marcha through
culture-dependent methods, were not detected in marcha in PCR-
mediated DGGE assay. This discrepancy may have been due to the
selective amplification, migration of PCR products from different
species, and efficiencies of genomic DNA extraction kits for
different species [30,31]. Such discrepancies between culturing and
DGGE results have also been reported earlier [11,32]. Therefore, it is
suggested that the DGGE technique be supplemented with culture-
dependentmethods, and their combination seems the best strategy
to have a complete overview of yeast ecology of traditional alco-
holic starters. W. anomalus, probably nonculturable yeast, was re-
ported for the first time from marcha using PCR-mediated DGGE
technique.

This is believed to be the first report on the yeast community
associated with marcha of India analyzed by PCR-mediated DGGE.
The results may enrich our knowledge of nonculturable native
microorganisms that may be present in the traditionally prepared
starters of Asia.
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Fig. 3. Phylogenetic tree of yeasts retrieved from bands (MY1eMY8) in denaturing
gradient gel electrophoresis profile by neighbor-joining distance tree constructed by
MEGA 6 for the seven yeast isolates with the phylogenetic neighbors obtained from
EzTaxon server.

Table 2
Identification based on BLAST comparison in GenBank of the bands obtained by
polymerase chain reactionedenaturing gradient gel electrophoresis using universal
primers NL1/LS2.

Band Closest relative species Accession No. % identity

MY1 Wickerhamomyces anomalus KT175181.1 99
MY3 W. anomalus KT175201.1 99
MY4 W. anomalus G0280811.1 99
MY5 Pichia anomalus E0798697.1 98
MY6 P. anomalus AY349435.1 99
MY7 W. anomalus KT175181.1 99
MY8 W. anomalus KT175181.1 99
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Analysis of bacterial and fungal 
communities in Marcha and Thiat, 
traditionally prepared amylolytic 
starters of India
Shankar Prasad Sha1, Kunal Jani2, Avinash Sharma2, Anu Anupma1, Pooja Pradhan1, Yogesh 
Shouche  2 & Jyoti Prakash Tamang1

Marcha and thiat are traditionally prepared amylolytic starters use for production of various ethnic 
alcoholic beverages in Sikkim and Meghalaya states in India. In the present study we have tried 
to investigate the bacterial and fungal community composition of marcha and thiat by using high 
throughput sequencing. Characterization of bacterial community depicts phylum Proteobacteria is the 
most dominant in both marcha (91.4%) and thiat (53.8%), followed by Firmicutes, and Actinobacteria. 
Estimates of fungal community composition showed Ascomycota as the dominant phylum. Presence of 
Zygomycota in marcha distinguishes it from the thiat. The results of NGS analysis revealed dominance 
of yeasts in marcha whereas molds out numbers in case of thiat. This is the first report on microbial 
communities of traditionally prepared amylolytic starters of India using high throughput sequencing.

Traditional practice of sub-culturing by back-sloping and preservation of essential native microbiota consisting 
of consortia of yeasts, molds and bacteria, in the form of dry, flattened, or round balls, for alcoholic beverages 
production in South-East Asia including the Himalayan regions of India, Nepal, Bhutan, and China is the worth 
wisdom of the ethnic people for centuries1. Some common and uncommon amylolytic starters in Asia are mar-
cha of India, Nepal, and Bhutan, hamei, humao, thiat, phab of India, men of Vietnam, bubod of the Philippines, 
chiu/chu of China and Taiwan, loogpang of Thailand, ragi of Indonesia, nuruk of Korea, mae/dombae/buh/puhin 
Cambodia, etc.2–7 Traditionally prepared Asian amylolytic starters have consortia of mixed micrbiota represent-
ing filamentous molds, yeast and bacteria1–3, hence many researchers have studied the fungal, yeast and bacterial 
populations in Asian starter cultures, commonly based on culture-dependent techniques including phenotypic 
and 16S rRNA sequencing, and isolated and identified filamentous molds Absidia corymbifera, Amylomyces 
rouxii, Botryobasidium subcoronatum, Mucor circinelloides forma circinelloides, Mucor hiemalis, Rhizopus oryzae, 
Rhi. microsporus, Rhi. chinensis, and Rhi. stolonifer, Xeromyces bisporus5, 8, 9; yeasts Candida glabrata, C. tropicalis, 
Clavispora lusitaniae, Issatchenkia sp., Pichia anomala, P. ranongensis, P. burtonii, Saccharomycopsis fibuligera, 
Sm. capsularis, Saccharomyces cerevisiae, Sacch. Bayanus5, 9–13; and bacteria Acetobacter orientalis, A. pasteurianus, 
Bacillus amyloliquefaciens, B. circulans, B. sporothermodurans, B. subtilis, Pediococcus pentosaceus, Lactobacillus 
bifermentans, Lb. brevis, Lb. plantarum, Weissella confusa, W. paramesenteroides5, 14–16.

Introduction of culture-independent methods and it’s applicability in food microbiology7, 17, has been a moti-
vation for few researchers to profile the microbial community structure of some Asian starter cultures using 
PCR-DGGE, pyrosequencing, etc. which is suggestive to provide more insight into the microbial diversity of 
ethnic starters3, 5, 18–22. Rapid evolution in next generation sequencing (NGS) technologies has enabled research-
ers to have increased accuracy, throughput, with reasonably low cost and in relatively short period of time17, 23. 
However, there are still a limited number of studies, characterizing the microbial community composition of 
fermented foods such as cheese24–26, kefir grains27, some ethnic Asian fermented foods28–31. Furthermore, the 
information on the community composition of Asian starter culture is rudimentary and needs in depth explora-
tion using cutting edge technologies7.
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In present study, we attempted to profile the microbial community composition of marcha and thiat, tradi-
tionally prepared ethnic starter cultures of India using targeted amplicon sequencing. We selected two different 
traditionally prepared amylolytic starter cultures from two regions in India, marcha (Fig. 1a) from Sikkim (www.
sikkim.gov.in) and thiat (Fig. 1b) from Meghalaya (www.megtourism.gov.in). Marcha is prepared from soaked 
rice with some wild herbs ((Plumbago zeylanica, Buddleja asiatica and Vernonia cinerea), ginger and red dry chili, 
1–2 % of previously prepared marcha powder as an inoculum, crushed in a wooden mortal by wooden pestle, 
mised and dough are made into round to flatted cakes of different size and shape. Cakes are covered with fern 
fronds (Glaphylopteriolopsis erubeseens), fermented at room temperature for 24 h, sun dried for 3–5 days and 
are used as amylolytic starters for production of cereal-based ethnic fermented beverages such as kodo ko jaanr, 
bhaati jaanr, raksi, etc.2 During thiat preparation, soaked glutinous rice is grinded with leaves and roots of wild 
plant Amomum aromaticum, 1–2% of old thiat, mixed and made into a dough by adding water. Flat to round 
balls are made and fermented for 1–3 days. The freshly prepared thiat balls are sun dried for 3–5 days. It is used 
to ferment alcoholic beverage locally called kiad in Meghalaya2. Fermentation process involved in preparation of 
these starters is unconditional and may harbor both bacterial and fungal communities as consortia. Therefore, we 
aimed to explore the bacterial and fungal (filamentous molds and yeasts) communities in marcha and thiat. This 
is the first report on complete microbial community profile of traditionally prepared amylolytic starters of India 
using NGS technique.

Results
Characterizing microbial diversity. High throughput sequencing and quality trimming of 16S rRNA and 
ITS gene yielded ~0.85and ~0.29 million quality reads in both marcha and thiat, respectively, which was used for 
subsequent analysis. Taxonomic assignment of sequences with the reference database resulted into 5,015 oper-
ational taxonomic units (OTUs). The average Good’s coverage of both the samples of marcha and thiat for 16Sr 
RNA amplicon sequencing was found to be 99.08% ± 0.1% (mean ± SD) whereas for ITS region was recorded as 
87.5% ± 17.6% (mean ± SD) indicating majority of the diversity was captured.

The estimates of alpha diversity indices revealed significant differences between marcha and thiat when com-
puted for both the bacterial and fungal diversity (Table 1a and b). The bacterial species richness was found to be 
higher in thiat (4256.83) than marcha (1520.92), in contrast, fungal species richness depicts higher in marcha 
(5.25) over thiat (5.0). Significant variations were also noticed in non-parametric shannon index for bacterial 
communities in thiat (5.48) and marcha (4.01). Shannon index for fungal communities follow the reverse trend 
with marcha (2.25) and thiat (1.80). This observation is suggestive of higher bacterial diversity in thiat while mar-
cha showed higher fungal diversity.

Figure 1. Traditionally prepared amylolytic starter cultures (a) Marcha and (b) Thiat.

Chao1 Goods coverage Shannon Simpson

a) Bacterial

Marcha 1520.925 0.998902539 4.01115959 0.866763863

Thiat 4256.838 0.997475969 5.489325073 0.940199394

b) Fungal

Marcha 5.25 0.75 2.25 0.78125

Thiat 5 1 1.802366931 0.671398892

Table 1. Alpha diversity estimation. Non parametric alpha diversity was calculated for ethnic amylolytic starter 
cultures marcha and thiat.

http://www.sikkim.gov.in
http://www.sikkim.gov.in
http://www.megtourism.gov.in
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Bacterial community profile of thiat and marcha. 16S rRNA gene amplicon sequencing yielded 
15 bacterial phyla in thiat and marcha, respectively (Fig. 2a). In thiat bacterial phyla distributions were 
Proteobacteria (91.4%), Actinobacteria (4%), Firmicutes (4%) and the rest (0.6%) constituted the minor phyla 
Cyanobacteria, Bacteroidetes, Verrucomicrobia, Fusobacteria, Planctomycetes, Deinococcus-Thermus, Chloroflexi, 
Synergistetes, Acidobacteria, Saccharibacteria, Gemmatimonadetes, Armatimonadetes. In marcha the phyla 
distributions of bacteria were Proteobacteria (53.8%), Firmicutes (45.4%) and other minor phyla were 0.8% 
constituting Actinobacteria, Cyanobacteria, Bacteroidetes, Verrucomicrobia, Fusobacteria, Planctomycetes, 
Deinococcus-Thermus, Chloroflexi, Synergistetes, Acidobacteria, Saccharibacteria, Gemmatimonadetes, and 
Armatimonadetes. The abundance of thirteen minor phyla was very less hence percentage of composition was not 
shown in Fig. 2a. Bacterial phylum Proteobacteria was found to outnumber other bacterial phyla in thiat whereas 
marcha was found to constitute Proteobacteria and Firmicutes as major phyla.

At family level, OTUs with ≥1% abundance were filtered which differed quantitatively between thiat and mar-
cha (Fig. 2b). The family level distributions of bacteria in thiat were Enterobacteriaceae (84.6%), Microbacteriaceae 
(3.24%), Enterococcaceae (2.47%), Clostridiaceae (1.13%) Neisseriaceae (0.87%) and Oxalobacteraceae (0.59%) 
(Fig. 2b). Whereas the family level of bacterial distributions in marcha were Acetobacteraceae (50.6%), 
Leuconostocaceae (25.5%), Streptococcaceae (10.5%), Lactobacillaceae (8.38%), Burkholderiaceae (2.13%) and 
Staphylococcaceae (0.54%) (Fig. 2b).

At the genus level, OTUs with ≥1% abundance were filtered (Fig. 3a,b), which retained 18 differentially abun-
dant genera in both samples of marcha and thiat. Distribution of bacterial genera in marcha were Acetobacter 
(52.6%), Fructobacillus (21.1%), Lactococcus (10.3%), Lactobacillus (8.4%), Leuconostoc (4.0%) (Fig. 3a), 
Burkholderia (2.1%) and Gluconacetobacter (1.4%). Genera in thiat were Pantoea (32.4%), Cronobacter (21.4%), 
Escherichia-Shigella (15.5%), Enterobacter (13.1%), Citrobacter (4.2%) (Fig. 3b), Salmonella (3.2%), Serratia 
(2.8%), Enterococcus (2.5%), Curtobacterium (2.2%), Kluyvera (1.6%) and Clostridium (1.1%). The composition 
percentage of bacterial genera which was less than 3.9% was not shown in Fig. 3a,b.

Fungal (filamentous molds and yeasts) composition in thiat and marcha. Fungal ITS gene 
sequencing and taxonomic analysis demonstrated the predominance of yeast phylum Ascomycota (98.6%) in 
thiat, whereas the distribution of filamentous phyla Zygomycota was only 1.4% (Fig. 2c). However, in marcha only 
yeast phylum Ascomycota constituted the fungal diversity (Fig. 2c). Filamentous mold phylum was not detected 

Figure 2. Taxa distributions of phylum and family at different phylogenetic level in thiat and marcha.  
(a) bacterial phyla; (b) bacterial family; (c), fungal phyla and (d) fungal family.
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in marcha. Distributions of fungi (filamentous molds and yeasts) at the family level in thiat were Trichocomaceae 
(15.7%), Dothioraceae (3.94%), Mucoraceae (2.63%) and unidentified fungi (77.73%). Whereas the distributions 
of yeasts at the order/family level in marcha were Saccharomycetales (50%), Saccharomycetaceae (37.5%) and 
Amphisphaeriaceae (12.5%). (Fig. 2d). Distributions of yeasts genera in marcha were Wickerhamomyces (25%), 
Candida (25%), Kazachstania (25%), Saccharomyces (12.5%) and Pestalotiopsis (12.5%) (Fig. 3c). The filamentous 
mold genera distribution in thiat were Aspergillus (15.7%), Aureobasidium (3.9%) and Mucor (2.7%) and uniden-
tified genera (77.7%) (Fig. 3d). The unidentified genera represented the yeast phylum Ascomycota in thiat. The 
sequence reads showed the species of filamentous molds were Aspergillus penicillioides, Aureobasidium pullulans 
and Mucor circinelloides, whereas the yeasts species were Wickerhamomyces anomalus, Candida quercitrus and 
Kazachstania exigua (data not shown).

Discussion
Our study provides comprehensive microbial diversity analysis using deep sequencing approach of ethnic amylo-
lytic starter from India. Quantitative differences were noted for the presence of bacterial and fungal taxa among 
marcha and thiat; which could be the consequence of differences in the preparation, incubation period and most 
importantly the type of preservations. Alpha diversity estimation of amylolytic starters marcha and thiat using 
species richness and non-parametric Shannon index suggested higher bacterial diversity in thiat while marcha 
shows the higher assemblage of fungal diversity with dominance of yeast phylum Ascomycota. Persistence of 
higher fungal diversity in marcha is determinant factor suggesting the higher acidic conditions of marcha; in 
contrast, higher bacterial diversity of thiat depicts the faster turnover from acidic to alkali with the presence of 
acid neutralizing bacterial taxa32.

Acetobacter, Fructobacillus, Lactococcus, Lactobacillus, Leuconostoc, Burkholderia, and Gluconacetobacter were 
the predominant bacterial genera in marcha. Higher proportion of Acetobacter was possibly due to its retention 
and enrichment during fermentation. We observed relatively lower proportion of Streptococcus and Lactococcus 
than Lactobacilli; as Lactobacilli have high acid tolerance over former two33. Though some species of Lactococcus 
have low acid tolerance, however, they could be isolated from raw milk and were found flourishing during the 
early stage of fermentation24. This supports the lower abundance of Lactococcus than Lactobacillus as seen in 
our samples. Another interesting observation was absence of Pediococcus in bacterial community profile which 
was otherwise present as a one of the dominant genus in earlier report by culture dependent methods in mar-
cha10, 16. Furthermore, since there is no earlier report on microbial composition based on culture dependent or 
culture-independent methods of thiat the present study describe microbial diversity of thiat using NGS method 
as its first report. Pantoea, Cronobacter, Escherichia, Shigella, Enterobacter, Citrobacter, Salmonella, Serratia, 
and Enterococcus depicts most dominant bacterial genera of thiat each comprised over 0.1% of total bacterial 
sequences. Significantly varied microbial composition among thiat and marcha is a clear indication of differ-
ences in amylolytic starters. Genus Enterobacter was also detected in Mexican alcoholic beverages speculated 

Figure 3. Taxa distributions of genus at different phylogenetic level. (a) bacterial genera in marcha; (b) bacterial 
genera in thiat; (c) fungal genera in marcha and (d) fungal genera in thiat.
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to originate from the bacterial contamination in raw milk and they subsequently decreased during the fermentation 
process34. The lactic acid bacterium such as Lb. plantarum seemed to be one factor for the good quality of the alcoholic 
beverages, as it can perform malolactic fermentation to decrease wine acidity32 and also produces bacteriocins35.

Exploration of fungal diversity of ethnic amylolytic starters suggested higher abundance of yeast in marcha 
and thiat constitutes for 32.33-fold yeast to the filamentous molds. This observation was in coherence with the 
earlier report of culture-dependent studies showing the dominance of Mucor and Rhizopus genera of Mucorales in 
marcha8. Interestingly no filamentous molds were detected in marcha using the applied high throughout sequenc-
ing method; the exact reasons for the observed variation in the microbiota have not been identified. This may be 
due to lower abundance of molds, limited sample size and/or age of the sample and finally also due to inadequate 
cell lysis which may prevent the release of nucleases36. Our study was in accordance to the previous reports 
describing the exposure of cheese to different external environments such as manufacturing process; geographical 
region, etc have varied impact on the microbial composition of the end products28. Thus, we speculate that the 
factor of geographic environment including altitudes and climate play a more significant role over the manufac-
turing process in resulting in the different microbial compositions of the starter culture under study. Some other 
crucial factors that may affect the composition of microbial communities in fermented amylolytic starters are level 
of hygiene, quality of the glutinous rice, water, as well as the back slopping technique. In this study three dominant 
yeasts in marcha were Wickerhamomyces anomalus, Candida quercitrus and Kazachstania exigua, followed by 
Saccharomyces and Pestalotiopsis which also accompany the findings of ref. 21 by PCR-DGGE method. ITS gene 
sequences analysis of the thiat revealed the existence of Aspergillus penicillioides, Aureobasidium pullulans and 
Mucor circinelloides as the most dominant filamentous molds in thiat. At family level thiat shows Trichocomaceae, 
Dothioraceaeand Mucoraceaeas the major constituents of fungal community composition emphasizing the sig-
nificant differences between thiat and marcha viz differences in starter substrates, preparations, inoculums, con-
sortia, geography, hygiene, preservation technique, caloric values etc.

In the present study Ascomycota was dominant in starter cultures of India like in Korean and Chinese starters 
cultures, which was also reported earlier, based on NGS tools, in Korean alcoholic beverages3 and in Chinese 
liquors37. We could also expect similar observation in case of marcha as it has higher abundance of lactic acid 
bacteria. Aspergullus oryzae has strong secretion of amylases including alpha-amylase, which may accelerate the 
degradation of grains and provide more nutrients for microbes in alcoholic fermentation38.

Amylolytic starter culture-making technology reflects the traditional knowledge of the ethnic Indian peo-
ple on sub-culturing desirable inocula from previous batch to new culture using rice as base substrates by 
back-sloping method. This technique preserves the consortia of microbial community ranging from filamen-
tous molds, yeasts and bacteria which were co-existed in traditionally prepared amylolytic and alcohol produc-
ing starters7, and also preserves vast biological genetic resources, otherwise, which may be forced to disappear. 
Fermented beverages produced by using amylolytic starters in India are generally mild-alcoholic (4–5%), sweet 
taste with several health benefits to the local consumers as high source of calories, some vitamins and minerals2. 
Ethnic fermented beverages and alcoholic drinks have the potential to grow beverage industry if proper scientific 
and technical support are applied to the existing indigenous practices of home based alcoholic fermentation.

Materials and Methods
Sample collection. Samples of sun-dried amylolytic starters marcha and thiat were collected immediately 
after the preparation from local people of Gangtok and Shillong in Sikkim and Meghalaya states of India, respec-
tively. Dry samples were transferred to sterile containers, sealed, and stored at desiccator at room temperature for 
the further analysis.

Community DNA Extraction. The total community DNA was extracted using ProMega DNA kit 
(ProMega). 1g of amylolytic starter culture sample was suspended in lysis solution and incubated at 65 °C for 15 
min. Subsequently, the RNA was eliminated from the cellular lysate by administering the RNase solution follow-
ing incubation at 35 °C for 15 min. The residual proteins were removed by adding protein precipitation solution 
and centrifuged at max speed. Finally, the DNA was precipitated by adding isopropanol, which was purified with 
two washes of 70% ethanol. The quality of DNA was checked on 0.8% agarose gel and concentration was meas-
ured using Nano-DropND-1000 spectrophotometer (Nano Drop technologies, Willington, USA) as described by 
ref. 39. The DNA was stored at −20 °C until further processing.

Amplicon sequencing. Amongst the nine hypervariable regions of bacterial 16S rRNA gene, we have tar-
geted V4 hyper-variable region40 to investigate bacterial diversity of marcha and thiat. The universal 16S rRNA 
gene primer sets F515 and 806R41 was used for the amplification of V4 hyper-variable region. Similarly, fungal 
Internal Transcribed Spacer (ITS) II region was targeted for taxonomic profiling amylolytic starters, which was 
subjected to amplification using ITS1 and ITS2 primers. The library preparation of both the 16S rRNA and ITS 
gene amplicons were in accordance with the protocols of Illumina (USA). These amplicon libraries were fur-
ther processed for sequencing using AMPure XT beads (Beckman Coulter Genomics, Danvers, MA, USA). The 
resultant product was screened with the LabChip GX (Perkin Elmer, Waltham, MA, USA) and with the Library 
Quantification Kit for Illumina (Kapa Biosciences, Woburn, MA, USA). Subsequently, the 16S rRNA and ITS 
gene library were sequenced on the Illumina MiSeq platform using 2x 250bp chemistry. The sequences obtained 
from high throughput sequencing effort were submitted to National Center for Biotechnology Information 
(NCBI) which are available under BioProject ID PRJNA376467.

Bioinformatics analysis. The raw sequences generated from MiSeq platform was assembled using FLASH 
tool (Fast Length Adjustment of Short reads) a Paired end assembler for DNA sequences42. The assembled reads 
were subjected to quality filtering using via Quantitative Insights into Microbial Ecology (QIIME) 1.842. Sequence 
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reads were assigned to bacterial and fungal operational taxonomic units (OTUs) by a closed reference-based OTU 
picking approach by using SILVA and UNITE reference databases, respectively. The OTU picking was carried out 
using UCLUST method with similarity threshold of 97%43. Taxonomic assignments were performed using RDP 
naïve bayesian classifier44. Alpha diversity indices like Chao, Shannon and Simpson were calculated via QIIME 
after rarefying all samples to the same sequencing depth45, 46.

Data availability. The sequences obtained from high throughput sequencing effort, was submitted to NCBI 
which are available under Bio Project ID PRJNA376467.
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Preparation of ethnic fermented beverages using dry amylolytic starters is an integral part of socio-cultural practice of 
different ethnic groups of people residing in the Eastern Himalayan region of Nepal, Bhutan and India including  
North-East India. Alcoholic beverages are produced by traditional fermentation using specific amylolytic starters, which are 
prepared in different ways by diverse ethnic groups. This study is aimed at documenting the traditional skill of various 
ethnic groups of people of North East India and the Eastern Himalayas in preserving microbiota as dry amylolytic starters 
generally used for preparation of alcoholic beverages. 
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The geographical extent of Eastern Himalayas 
comprises eastern Nepal, Indian states of Sikkim, 
Arunachal Pradesh and Darjeeling hills, and a 
mountainous country Bhutan1. North East India is 
comprised of the cluster of eight states namely Assam, 
Nagaland, Sikkim and Tripura. More than 137 different 
ethnic groups reside in these regions1. The 
consumption of alcoholic beverages, prepared by 
fermentation using amylolytic starter inocula 
commonly referred to as amylolytic starter, is a 
common practice among the people of North East India 

and the Eastern Himalayas. The amylolytic starter is a 
round to flattened ball of mixed dough containing 
various wild and domesticated plant parts2 and 
amylolytic and alcohol-producing yeasts, starch 
degrading moulds and lactic acid bacteria3,4. Varieties 
of ethnic amylolytic starters are prepared such as 
marcha of Nepal, Sikkim and the Darjeeling hills in 
India, pho of Bhutan, emao/humao of Assam; xaaz 
pitha and modor pitha of Assam, hamei of Manipur, 
thiat of Meghalaya, chowan of Tripura, kherie/khekhrii 
of Nagaland, Pee, paa, phut and phab of Arunachal 
Pradesh, and dawdim of Mizoram (Fig. 1). This paper 
aims to give extensive information on the indigenous 
knowledge of preparation process of various 

amylolytic starters found in different regions of the 
Eastern Himalayas and North East India. 
 

Locations of documentation and data collection 
Documentation work was carried out for a period of 

12 months from December 2015 till November 2016. 
Data collection was done based on structured 
questionnaire, interviewing the people involved in 
traditional preparation of amylolytic starters, personally 
analyzing the preparation procedures, collection of 
plant samples and their identification from Botanical 
Survey of India, Sikkim circle, Gangtok. The study was 
done in Basilakha village of Sikkim; Dharan, 
Dhankutta and Hiley districts of Eastern Nepal; 
Napchey village of Dhonakha, Bhutan; Kokrajhar, 
Jorhat, Sivsagar, and Moran district of Assam; Kohima 
of Nagaland and West Siang and Nirjuli district of 
Arunachal Pradesh. The interviewees were local people 
of the villages visited and had proper knowledge of 
preparation of the starter cultures. 
 

Results and discussion 
 

Traditional preparation process of amylolytic starters 
 

Marcha 
Marcha is a dry flat creamy white solid ball-like 

starter of different size and shape traditionally 
prepared in Sikkim and the Darjeeling hills in India 
(Fig. 1A), Bhutan (Fig. 1B) and Nepal (Fig. 1C), 

___________ 
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which is used to ferment starchy material into various 
ethnic fermented beverages and alcoholic drinks. In 
the South and eastern parts of Bhutan, marcha is 
predominantly prepared and used by the ethnic Nepali 
of Bhutan. The preparation process of marcha in these 
regions is almost same. 
 
Indigenous knowledge of preparation of marcha 

Glutinous rice (Oryza sativa) is soaked in water for 
8-10 h (overnight) at an ambient temperature. After 
soaking rice is crushed in a foot driven heavy wooden 
mortar pestle. Wild herbs such as roots of guliyo jara 
or chitu (Plumbago zeylanica) leaves of bheemsen 
paate (Buddleja asiatica), flower of sengreknna 
(Vernonia cinerea), ginger and red dry chili  
(2-3 pieces) are crushed and added to the powdered 
rice. Mixtures are then mixed with water to make a 
thick paste or dough, from which dough balls of 
different sizes are made. These balls are then dusted 
with the old marcha which are used as an inoculum. 
The freshly prepared flattened balls are kept on the 
leaves of fern Glaphylopteriolopsis erubescens 
(commonly known as pirey uneu) and covered with 
the ferns and fermented at room temperature for 24 h. 
After fermentation, ferns are removed and balls are 
collected and dried in the sun or kept at room 
temperature for about 5 days (Fig. 2). The dried 
marcha balls are then sold in the market. 

Mana/Manapu 
Mana is a black colored amylolytic starter of 

Nepal. Newari community of Nepal specifically 
prepares this amylolytic starter to ferment alcoholic 
distilled liquor, ayela, which is very popular alcoholic 
drinks and is used in special occasions and rituals in 

 
 
Fig. 1  Amylolytic starter culture of the Eastern Himalayas and North East India- (A): Marcha of Sikkim and the Darjeeling hills; 
B): Marcha of Bhutan; (C): Marcha of Nepal; (D): Pho of Bhutan; (E): Emao/humao of Assam; (F): Xaaz pitha of Assam; (G): Modor 
pitha of Assam; (H): Hamei of Manipur; (I): Thiat of Meghalaya; (J): Chowan of Tripura; (K): Kherie/Khekhrii of Nagaland; (L): Pee of 
Arunachal Pradesh; (M): Phut of Arunachal Pradesh; (N): Paa of Arunachal Pradesh; (O): Phab of Arunachal Pradesh; (P): Dawdim of 
Mizoram. 

 
 

Fig. 2  Preparation of marcha in Sikkim
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Nepal. Owing to a much easier process of preparation, 
the use and preparation of marcha is replacing the use 
of mana in Nepal, due to which the practice of 
making mana has almost come to an extinction point. 
 
Indigenous knowledge of preparation of mana 

During preparation of mana, wheat grains are 
soaked in water over night, boiled for 30 min, drained 
off excess water, cooled, added dried leaves of harrah 
plant, old mana powder and ground in a traditional 
mortar and pestle. Dough mixture is made into small 
balls, placed on paddy straw spread on a clean floor, 
and again covered by paddy straw or straw mat, and 
fermented for 6-7 days till green moulds appear on the 
ball. It is dried in the sun to get a black-coloured 
mana and stored for future use. 
 
Pho 

Pho or phab (Fig. 1D) is a flat dark brown colored 
cake prepared from powdered maize. This amylolytic 
starter is prepared indigenously by Drukpa 
community of Bhutan residing in the North Western 
side of Bhutan. Pho is used in preparing the 
fermented alcoholic drink Ara, which is popularly 
used during the festive seasons in Bhutan. 
 
Indigenous knowledge of preparation of pho 

The main ingredient used for preparing pho is a 
flower of bhagham plant. This flower blooms during 
October and is white in color and almost 8 inches 
long (20 cm). The flowers of this plant are sun dried 
and powdered. During the preparation, powdered 
maize, rice husks and dried powdered flowers of 
bhagham are taken in a specific ratio of 2:4:3, 
respectively. Previously prepared pho is used as 
inoculum by back-sloping method and added to the 
mixtures (Fig. 3). Pho stored for more than one year 
is usually not preferred to be used as a starter culture. 
 
Emao/humao 

Emao (Fig. 1E) is amylolytic starter prepared by 
Bodo community of Assam. Dimasa, another ethnic 
community in Assam calls it humao. Emao is a ball 
like starter used to ferment glutinous rice to prepare 
alcoholic beverages of Assam like zu/jou/judima. 
 
Indigenous knowledge of preparation of emao 

Glutinous rice (Oryza sativa) is soaked in water for 
about 2-3 h and mixed with plants like leaves of 
banana, lwkwna, dong-phang-rakhep (Scoparia 
dulcis) and dry barks of Albizia myriophylla. These 
ingredients are then ground together in a wooden 

mortar pestle (this set of apparatus is locally called 
gaihen and ual). The powder is then sieved in a sandri 
(traditional sieve made of bamboo) to which little 
amount of water is added to make thick paste or 
dough. Different sizes of small round cakes are made 
from this dough which are then dusted with the old 
emao, basically used as an inoculum, covered with 
rice straw and fermented for 2-3 days. After the 
incubation balls are sundried. 
 
Xaaz pitha 

Xaaz pitha (Fig. 1F) is an amylolytic starter 
produced by Ahom community of Assam. Xaaz pitha 
is a ball like starter used to ferment glutinous rice into 
fermented beverages. Unlike addition of fresh leaves 
of wild plants during preparation of emao, dried 
leaves are added in preparation of xaaz pitha. 
 
Indigenous knowledge of preparation of xaaz pitha 

Xaaz pitha is traditionally prepared mixed 
amylolytic dough inocula used as a starter for the 
preparation of various ethnic alcoholic beverages. 
Local rice is soaked for 10-12 h and dried leaves and 
stems of wild herbs are added to the soaked rice. The 
mixture is then grounded together in an wooden 
mortar by a pestle. A thick dough is prepared by 
adding water to the above powdered mixture, from 
this fresh oval–shaped balls are made and placed on 
fern leaves (Fig. 4). The freshly prepared xaaz pitha is 

 
Fig. 3  Preparation of pho in Bhutan 
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then dried either in the sun or over the fireplace. After 
a period of about five days they become hard and 
ready for use. 
 
Modor pitha 

Modor pitha (Fig. 1G) is also a starter prepared by 
Kachari community of Assam to ferment rice into 
alcoholic beverages such as xaaz pani.  
 
Indigenous knowledge of preparation of modor pitha 

Glutinous rice (Oryza sativa) is soaked in water for 
about 2-3 h and mixed with the dried leaves, stem and 
roots of different types of plants. The above mixture 
is crushed together in a foot driven wooden mortar 
pestle (this set of apparatus is locally called dekhi). A 
little amount of water is added to make thick paste, 
made into small round cakes, dusted with powdered 
old modor pitha, placed on rice straw and then 
covered with ferns, and fermented for 2-5 days. Once 
the fermentation process is completed modor pitha 
ball starts to swell. Finally, it becomes hard and is 
ready to be used as starters for alcoholic beverages. 
 

Hamei 
Hamei (Fig. 1H) is a dry, round to flatten, solid 

ball-like mixed dough inocula used as starter cultures 
to prepare atingba, an alcoholic beverage in Manipur. 
 
Indigenous knowledge of preparation of hamei 

Hamei is prepared from local varieties of rice 
which is either soaked in water or used directly 
without soaking. The rice is mixed with powdered 
bark of yangli (Albizia myriophylla Benth.), 1-2 % of 
old hamei, grinded and dough is prepared by adding a 

small amount of water. The dough is pressed into flat 
cakes and kept over paddy husk in a bamboo basket, 
covered by sack clothes and fermented for 2-3 days at 
room temperature, and then sun dried for 2-3 days 
(Fig. 5), and is sold in local markets. 
 
Thiat  

Thiat (Fig. 1I) is an amylolytic starter culture used 
for the preparation of fermented alcoholic beverages 
in Meghalaya. 
 
Indigenous knowledge of preparation of thiat 

Glutinous rice is used as a substrate for the 
preparation of thiat. Rice is soaked in water overnight 
after which it is sun dried for a short period of time to 
drain off the excess water. Dried leaves and roots of 
herbs khaw-iang (Amomum aromaticum) are added to 
the soaked rice and, and then mixture is made into thick 
dough by adding water. Flat to round balls are made 
from the dough and fermented for 1-3 days (Fig. 6). The 
freshly prepared thiat balls are sun dried for 3-5 days. 
 
Chowan 

Chowan/chuwan beleb) (Fig. 1J) is a traditionally 
prepared starter culture of different ethnic tribes in 

 
Fig. 4  Preparation of xaaz pitha in Assam 

 
 

Fig. 5  Preparation of hamei in Manipur 
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Tripura, and is used for production of local alcoholic 
beverage gora bwtwk and distilled alcoholic drinks 
chuwak. 
 
Indigenous knowledge of preparation of chowan 

During chowan preparation, soaked glutinous rice 
is mixed with roots, barks and leaves of locally 
available herbs and powdered old chowan. Use of 
wild herbs during preparation of chowan varies from 
one tribe to other. The mixture is then made into paste 
by adding water and kneaded into flat and oval cakes 
of varying sizes and shapes, and fermented for  
2-3 days over earthen oven in kitchen (Fig. 7). These 
freshly prepared chowan cakes are then sun dried for 
3-7 days and used. 
 
Khrie/Khekhrii 

Khrie/khekhrii (Fig. 1K) is an amylolytic starter 
culture prepared by germinated sprouted rice grains 
in Nagaland. This is the only amylolytic starter in 
North-East India which is not prepared by using the 
old starter through back-sloping method, rather it is 
prepared by fermenting germinated sprouted-rice 
grains and then sun-dried to use as dry starters to 
prepare the local alcoholic drink called zutho. 

Indigenous knowledge of preparation of khrie/ 
khekhrii 

Unhulled glutinous rice (dhan) is washed with 
water two to three times and then soaked into water 
for 2-5 days. It is then kept and covered with 
khreihenyii leaves and allowed to germinate for  
2-3 days in summer and 4-5 days in winter. After 
germination when the rice sprout is about half an inch 
in length, the sprouted rice is sun dried and powdered 
(Fig. 8). 
 
Phab 

Phab (Fig. 1O) is a flat white colored cake, which 
is prepared using rice flour. Tagin community of 
Arunachal Pradesh prepares this amylolytic starter 
traditionally. Apatani community and Nyshing 
community of Arunachal Pradesh also prepare similar 
starter cultures called pee (Fig. 1L) and paa (Fig. 1N), 
respectively.  
 

Indigenous knowledge of preparation of phab 
During phab preparation soaked rice is dried and 

mixed with leaves of some plants nakail 
(Cinnamomum glanduliferum Mesissn.), ctuepatti 
(Cissampelos pareira L.), khanoba (Clerodenderon 
viscosum Vent.), 5-7 balls of old phab are added, 
made into fine powder, added water and mixed 

 
 

Fig. 6  Preparation of thiat in Meghalaya 

 
Fig. 7  Preparation of chowan in Tripura 
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thoroughly. The mixture is made into a paste and then 
small round cakes, wrapped in fresh leaves and placed 
in bamboo strips over the fireplace and fermented for 
1-2 days. Cakes are sun dried for 5-10 days and store 
up to 6 months (Fig. 9). The preparation process of 
phab, pee and paa is almost same except for paa 
where rice is boiled without soaking. No herbs are 
added during the preparation of pee. 
 
Phut 

Phut (Fig. 1M) is a flat cake prepared by glutinous 
rice flour. Mongpa community of Arunachal Pradesh 
prepares phut traditionally. 
 

Indigenous knowledge of preparation of phut 
During phut preparation soaked rice is dried and 

crushed into a fine powder using wooden mortar and 
pestle. Handful leaves of plant along with cakes of old 
phut are made into fine powder, added to rice flour 
and mixed thoroughly. The mixture paste is made into 

small round cakes, wrapped in straw and fermented 
for 1-2 days. Cakes are sun dried for 3-7 days.  
 

Dawdim 
Dawdim (Fig. 1P) is a traditionally prepared 

amylolytic starter of Mizoram used in preparation of 
local alcoholic beverages.  
 

Indigenous knowledge of preparation of dawdim 
During preparation, soaked local varieties of rice 

are crushed to make fine rice flour, mixed with local 
leaves of herbs with addition of 2 % old dawdim. The 
mixture is then made into paste by adding water and 
kneaded into flat and oval cakes of varying sizes and 
shapes, wrapped in fern leaves in bamboo-made 
baskets, and then covered by jute bags and kept for 
fermentation above the earthen kitchen oven for  
1-3 days. These freshly prepared cakes are sun dried 
for 3-5 days (Fig. 10). 
 
Socioeconomic importance 

The present documentation focuses on the 
preparation of amylolytic starters, which are used to 
make fermented beverages. It was observed that the 
substrate (rice) used for making the amylolytic 
starters is almost same among the different ethnic 
groups, except for the Drukpa community of Bhutan 
who used maize instead of rice as the starchy 
substrate. Amylolytic starters are not just prepared at 
household level but also at a commercial scale in 
small villages of North-East states of India and the 
Eastern Himalayan regions of Nepal and Bhutan. 
From these small villages the starter cultures are 
supplied to the local markets and sold at various 

 
Fig. 8  Preparation of khrie/khekhrii in Nagaland 

 

 
 

Fig. 9  Preparation of phab in Arunachal Pradesh 

 
Fig. 10  Preparation of dawdim in Mizoram
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prices. Some ethnic groups of people are economically 
dependent on the preparation of these amylolytic starter 
cultures. The mountain women have been storing and 
culturing the functional microorganisms for alcoholic 
fermentation in the form of dry starter cultures for 
more than 1000 of years1. The producers earn about 
60-70 % profit by selling these starters and are one of 
the major sources of income in the village areas 
contributing to local economy. 

The consortium of microbiota consisting of 
filamentous moulds, amylolytic and alcohol 
producing yeasts and species of lactic acid acid is 
preserved in cereals as starchy bases, as a source of 
starch, together with the use of glucose-rich wild 
herbs to supplement the carbon sources for growing 
microorganisms1. Starter culture-making technology 
reflects the traditional method of sub-culturing 
desirable inocula from previous batch to new culture 
using rice as base substrates. This technique preserves 
the microbial diversity for beverages production. 
Saccharifying activities are mostly shown by 
filamentous moulds Rhizopus spp. and Mucor spp., 
and yeast Saccharomycopsis fibuligera whereas 
liquefying activities are shown by Saccharomycopsis 
fibuligera and Saccharomyces cerevisiae5. Rhizopus 
spp. and Sm. fibuligera degrade cereal starch and 
produce glucose, and then alcohol-producing yeasts 
species of Saccharomyces and Pichia rapidly convert 
glucose into ethanol5. Lactic acid bacteria present in 
amylolytic starters impart flavor, antagonism and 
acidification of the substrates6. Fermented beverages 
produced by using amylolytic starters are generally 
mild-alcoholic (4-5 %), sweet taste with several 
health benefits to the local consumers as high source 
of calories, some vitamins and minerals1,7. 

Conclusion 
It has been noticed that majority of the young 

generations do not know ethnic foods, their culinary 
practices and processing method. Native 
microorganisms with vast biological genetic 
resources, which are associated with ethnic fermented 
foods, are forced to disappear. These fermented food 
and beverages have the potential to grow in a small 
medium sized industry if proper scientific and 
technical support is extended to the existing 
indigenous practices of home based fermentation. 
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Preparation of dry starters for alcohol production is an age-old traditional technology
in the Eastern Himalayan regions of east Nepal, the Darjeeling hills, Sikkim, and
Arunachal Pradesh in India, and Bhutan. We studied the bacterial diversity in 35 samples
of traditionally prepared dry starters, represented by marcha of Nepal, Sikkim, the
Darjeeling hills, and Bhutan, phab of Bhutan, and paa, pee, and phut of Arunachal
Pradesh, respectively. Populations of bacteria in these starters were 105 to 108 cfu/g.
A total of 201 bacterial strains were isolated from starter samples, phenotypically
characterized, and their identities confirmed by the 16S rRNA sanger sequencing
method. The dominant phylum was Firmicutes (85%), followed by Proteobacteria (9%),
and Actinobacteria (6%). Lactic acid bacteria (LAB) (59%) formed the most abundant
group, followed by non-LAB (32%) and Gram-negative bacteria (9%). Based on the 16S
rRNA gene sequencing result, we identified LAB: Enterococcus durans, E. faecium,
E. fecalis, E. hirae, E. lactis, Pediococcus acidilactici, P. pentosaceus, Lactobacillus
plantarum subsp. plantarum, Lb. pentosus, Leuconostoc mesenteroides, and Weissella
cibaria; non-LAB: Bacillus subtilis subsp. inaquosorum, B. circulans, B. albus, B.
cereus, B. nakamurai, B. nitratireducens, B. pseudomycoides, B. zhangzhouensis,
Kocuria rosea, Staphylococcus hominis subsp. hominis, S. warneri, S. gallinarum, S.
sciuri, Lysinibacillus boronitolerans, Brevibacterium frigoritolerans, and Micrococcus
yunnanensis; Gram-negative bacteria: Pseudomonas putida, Klebsiella pneumoniae,
Enterobacter hormaechei subsp. xiangfangensis, E. hormaechei subsp. steigerwaltii,
and Stenotrophomonas maltophilia. We characterized diversity indexes of the bacterial
community present in traditionally prepared dry starters. This is the first report
on the bacterial diversity of traditionally dry starters of the Eastern Himalayas by
sanger sequencing.

Keywords: Eastern Himalayas, starters, 16S rRNA sequencing, bacterial diversity, lactic acid bacteria

INTRODUCTION

The Himalayas, well known for high mountains with natural beauty and rich biological resources,
extend from peak Nanga Parbat in Pakistan to peak Namcha Barwa across India, Nepal, and
Bhutan (Le Fort, 1975). Based on geo-morphology and demography, the Himalayas are divided into
three regions, the Western, Central, and Eastern Himalayas (Nandy et al., 2006). The geographical
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location of the Eastern Himalayas extends from eastern Nepal,
North East India (Darjeeling hills, Sikkim, and Arunachal
Pradesh), Bhutan, and Tibet Autonomous Regions in China
(Saha, 2013). Agrarian and pastoral types of mountain farming
dominate the agriculture and animal husbandry systems in the
Eastern Himalayas, and these are practiced by diverse ethnic
communities (Sharma et al., 2007; Bhasin, 2013). Many major
and rare types of ethnic fermented foods and beverages are
traditionally produced from locally available plant and animal
resources and are made into a wide variety of flavorsome
cuisine that is consumed as staple diets, side-dishes, curries,
soups, condiments, and alcoholic drinks by ethnic people of
the Eastern Himalayas (Tamang, 2010; Tamang et al., 2012).
The majority of ethnic Himalayan people drink home-made
traditional alcoholic beverages and distilled liquor prepared from
cereals (rice, finger millets, and maize) as per socio-compulsion
but also for enjoyment. Vinification, malting, and brewing
processes for alcohol production are completely unknown in the
food culture of the Himalayan people; instead, rice or finger
millets are fermented into mildly alcoholic (∼4%) beverages
(Thapa and Tamang, 2004) by using dry starters, which are
unique to these regions.

The Himalayan people have been practicing the art of starter-
making using indigenous technology for centuries by using
overnight-soaked and pounded rice flours mixed with wild herbs,
spices, and 1–2% of previously prepared dry starters in powder
form to make doughs. Doughs mixtures with desirable shapes
and sizes are placed in fresh fern leaves and allowed to ferment
for 2–3 days at room temperature, and the freshly fermented
doughs are then sun dried for 2–3 days to get dry starters (Thakur
et al., 2015; Anupma et al., 2018). Every ethnic community in
the Western, Central, and Eastern Himalayas prepare amylase
and alcohol-producing starters with slight variation in the use of
substrates, such as rice or wheat, and wrapping materials, such as
fern fronds, paddy straw, or plant leaves. In local languages, these
are termed marcha in Nepal, the Darjeeling hills, and Sikkim in
India (Shrivastava et al., 2012; Thakur et al., 2015; Anupma et al.,
2018), mana and manapu in Nepal (Nikkuni et al., 1996), phab in
Bhutan (Tamang, 2010), chowan in Tripura, dawdim in Mizoram,
humao, modor pitha in Assam, hamei in Manipur, khekhrii
in Nagaland, and phut in Arunachal Pradesh (Anupma et al.,
2018) in India. Similar types of alcohol-producing starters are
also prepared in South East Asia by ethnic Asian communities,
such as the Vietnamese benh (Dung et al., 2007), Korean nuruk
(Jung et al., 2012), Indonesian ragi (Surono, 2016), Philippine
bubod (Kozaki and Uchimura, 1990), Chinese daque or chiu or
chu (Chen et al., 2014), Thai loogpang (Limtong et al., 2002),
and Cambodian dombea (Ly et al., 2018). The most remarkable
advent in the traditional preparation of starter cultures is
the practice of the “back-slopping method” (terminology in
modern food microbiology) used by ethnic Asians irrespective of
their geographical locations for sub-culturing the desirable and
essential microbiota.

Traditionally prepared dry starters show coexistence of
mixed microbiota represented by different genera and species
of filamentous molds (Hesseltine et al., 1988; Tamang et al.,
1988; Sha et al., 2019), yeasts (Hesseltine and Kurtzman, 1990;

Jeyaram et al., 2008, 2011; Sha et al., 2017, 2018, 2019), and
bacteria (Hesseltine and Ray, 1988; Tamang et al., 2007; Sha
et al., 2017) for saccharification (Lee and Lee, 2002; Thapa and
Tamang, 2004), liquefaction (Pervez et al., 2014), and ethanol
production (Tsuyoshi et al., 2005; Zheng et al., 2011) to produce
traditional alcoholic beverages and distilled liquor in many
South East Asian countries, including Nepal, India, and Bhutan
in the Himalayas. Filamentous molds (species of Rhizopus,
Mucor, Aspergillus), and yeasts (species of Saccharomyces, Pichia,
Sacharomycopsis, Candida) are involved in saccharification and
liquefaction; they produce amylolytic enzymes for degrading
starch into sugars, and the main alcohol-producing yeasts are
Saccharomyces for alcohol production (Nout and Aidoo, 2002;
Thapa and Tamang, 2004; Li et al., 2012; Nile, 2015). Besides the
saccharifying and alcohol-producing ability of mycelia molds and
yeasts, some bacterial species present in starters also contribute
by imparting flavor, antagonism, and acidification onto the
fermenting substrates (Tamang et al., 2007; Huang et al., 2017).
Extensive profiling of the diversity of yeasts and mycelial molds
in various traditionally prepared dry starters collected from
different places of North East India have been reported earlier
(Tamang et al., 1988; Tamang and Sarkar, 1995; Tsuyoshi et al.,
2005; Jeyaram et al., 2008, 2011; Bora et al., 2016; Sha et al., 2017,
2018, 2019). Samples of marcha collected from the Darjeeling
hills and Sikkim were analyzed earlier and reported few
species of bacteria: Pediococcus pentosaceus (Tamang and Sarkar,
1995), Pediococcus pentosaceus and Lb. brevis (Tamang et al.,
2007), Acetobacter, Fructobacillus, Lactococcus, Lactobacillus,
Leuconostoc, Burkholderia, and Gluconacetobacter (Sha et al.,
2017). However, no published reports on bacterial diversity
associated with marcha in Nepal and Bhutan, phab in Bhutan,
and paa, pee, and phut in Arunachal Pradesh are available to date.
Marcha (Figures 1A–D) is a dry rice-based starter, prepared by
the Gorkha/Nepali community in the Darjeeling hills and Sikkim
in India, east Nepal, and south Bhutan, to ferment boiled finger-
millets into a sweet-sour, mildly alcoholic beverage called kodo
ko jaanr or chyang (Tamang et al., 1996). Marcha is prepared

FIGURE 1 | Different types of dry starters from the Eastern Himalayas:
(A) Marcha from Nepal, (B) Marcha from Darjeeling, (C) Marcha from Sikkim,
(D) Marcha from Bhutan, (E) Phab from Bhutan, (F) Paa from Arunachal
Pradesh, (G) Pee from Arunachal Pradesh, and (H) Phut from Arunachal
Pradesh.

Frontiers in Microbiology | www.frontiersin.org 2 November 2019 | Volume 10 | Article 2526

https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-10-02526 November 2, 2019 Time: 13:40 # 3

Pradhan and Tamang Bacterial Diversity in Starters of the Eastern Himalayas

from soaked and pounded rice flours mixed with some wild
herbs, few spices, 1–2% of previously prepared powdered marcha
by the back-slopping method to make doughs that are placed
in fresh ferns leaves, are allowed to ferment for 2–3 days, and
are then sun dried for 2–3 days to get dry starters. Phab or
pho (Figure 1E) is a dark brown, flattened, cake-like starter
prepared from powdered maize by the Drukpa community in
Bhutan to produce a home-made distilled alcoholic drink called
ara from barley and finger millets (Anupma et al., 2018). Paa
(Figure 1F), pee (Figure 1G), and phut (Figure 1H) are dry
starters prepared from rice by the Nyshing, Apatani, and Mongpa
communities of Arunachal Pradesh, respectively (Anupma et al.,
2018). Pee is used to ferment rice into a mildly alcoholic beverage
called opo by the Nyshing tribes, a mildly alcoholic drink called
apong by the Apatani, and phut is used to prepare a sweet-sour,
mildly alcoholic beverage called themsing by the Mongpa tribes
of Arunachal Pradesh (Shrivastava et al., 2012). Preparation of
marcha, phab, paa, pee, and phut is more or less similar except
for some variation in the use of substrates, such as rice in the case
of marcha, phut, paa, and pee and maize-rice husk in phab, and
wrapping materials, of which fern leaves are used for fermenting
rice flour during marcha preparation, dry paddy straws are used
for phab preparation, and locally available plant leaves are used
for the preparation of paa, pee, and phut. We collected dry
samples of marcha, pee, paa, phut, and phab from different places
in the Eastern Himalayan regions of Nepal, India, and Bhutan
to profile the bacterial diversity as information on yeasts and
the mycelial molds community is already available (Sha et al.,
2017, 2018, 2019). The present study aimed to profile bacterial
diversity isolated from marcha, pee, paa, phut, and phab based
on phenotypic and biochemical tests that use the 16S rRNA gene
sequencing method.

MATERIALS AND METHODS

Samples
A total of 35 samples of traditionally prepared dry starters
were collected in pre-sterile poly bags from different places
located in the Eastern Himalayas viz marcha (8 samples) from
Nepal, marcha (5) from the Darjeeling hills, marcha (8) from
Sikkim, marcha (5) from Bhutan, paa (2), pee (3), and phut (2)
from Arunachal Pradesh, and phab (2) from Bhutan (Table 1).
Collected samples were transported and kept in a desiccator at
room temperature since traditionally sun-dried starters are stored
in a dry place for more than a year (Tamang et al., 1996).

Analysis of Moisture and pH
The moisture content of the samples was estimated by a moisture
analyzer (OHAUS/MB-45, United States). The pH of the samples
was determined by homogenizing 1 g of sample in 10 mL of
distilled water, and the readings were taken using a digital pH-
meter (Orion 910003, Thermo Fisher Scientific, United States).

Microbiological Analysis
Dry starter samples were taken from a desiccator, coarsely
crushed by a sterile spatula, and 10 g of the powered sample was
then homogenized with 90 mL of 0.85% physiological saline in a
stomacher lab blender 40 (Seward, United Kingdom) for 2 min.
The homogenized samples were serially diluted in the same
diluents, and 1 mL of appropriate diluents was then plated using
specific media by the pour plate method. Nutrient agar (MM102,
HiMedia, Mumbai, India) for aerobic mesophilic bacterial count,
MRS (Man-Rogosa-Sharpe) agar (M641, HiMedia, Mumbai,
India) and M17 Agar Base (M929, HiMedia, Mumbai, India)

TABLE 1 | Bacterial load of dry starters from the Eastern Himalayas.

Sample Altitude Moisture cfu/g

Sample Region Collection Site (Meter) Latitude Longitude content (%) pH (×107)

Marcha Nepal Dharan 371 26◦48′ N 87◦17′ E 12.5
(9.6−17.0)

5.6
(5.5−5.9)

2.1
(1.1−2.9)Dhankuta 1154 26◦53′ N 87◦8 ′ E

Hiley 857 27◦02′ N 87◦24′ E

Hathikharka 1394 27◦01′ N 87◦32′ E

Marcha Darjeeling hills Darjeeling 2059 27◦04′ N 88◦26′ E 13.1
(12.9−13.3)

5.4
(5.2−5.6)

15.3
(11.0−19.6)Kalimpong 1176 27◦07′ N 88◦47′ E

Marcha Sikkim Pakyong 1341 27◦24′ N 88◦59′ E 11.8
(10.0−13.4)

5.7
(5.6−5.9)

18.5
(10.2−26.5)Gangtok 1637 27◦32′ N 88◦61′E

Recab 1072 27◦21′ N 88◦50′E

Basilakha 906 27◦22′ N 88◦60′ E

Marcha Bhutan Gedumari 1045 26◦90′ N 89◦39′E 13.76
(11.8−15.72)

5.7
(5.5−5.9)

0.01
(0.01−0.02)Thimphu 2401 27◦47′ N 89◦62′ E

Paa Arunachal Pradesh Lower Subansiri 661 27◦8′ N 93◦6′E 11.7
(11−12)

5.1
(5−5.2)

2.3
(2.0−2.6)

Pee Ziro valley 1576 27◦53′ N 93◦81′E 12.1
(11−13)

5.5
(5.2−5.8)

17.6
(16.8−18.4)

Phut Upper Subansiri 1816 28◦3′ N 94◦E 11.6
(11.4−11.8)

5.2
(5.1−5.3)

11.5
(9.8−13.2)

Phab Bhutan Dhonakha 2311 27◦66′ N 89◦70′ E 6.17
(6.13−6.2)

5.2
(5.0−5.4)

0.03
(0.02−0.04)
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for lactic acid bacteria (LAB), and VRBGA (violet red bile
glucose agar) (M581, HiMedia, Mumbai, India) for Gram-
negative bacteria were used for the enumeration of bacteria in
respective plates. Nutrient agar plates and VRBGA plates were
incubated at 37◦C for 24 h, and MRS plates and M17 plates
were incubated at 30◦C for 24–48 h aerobically. The number of
colonies was counted as colony forming unit cfu/g. The purity of
colonies was maintained by re-streaking them into fresh medium,
and this was further confirmed by microscopic examination. The
pure colonies were then preserved in 50% glycerol at −20◦C for
further identification and analysis.

Phenotypic and Biochemical
Characterization
Bacterial isolates were phenotypically characterized for their
presumptive identification, and groupings were done on the basis
of cell morphology, Gram’s reaction, colony morphology, catalase
test, sporulation tests, gas production from glucose, and ammonia
production from arginine (Holt et al., 1994). The physiological
tests including growth at different pHs, temperatures, and salt
tolerance were performed (Tamang et al., 2007). Biochemical
characterization of isolates such as sugar fermentation tests,
IMViC (Indole, Methyl red; Voges-Proskauer and Citrate) tests
specifically for Gram-negative isolates, nitrate reduction tests,
and urease tests were also performed using the method of
Hammes and Hertel (2003).

Genotypic Characterization
Genomic DNA Extraction
The genomic DNA of each bacterial isolate was extracted by
the standard phenol/chloroform method of Cheng and Jiang
(2006) with slight modifications. A total of 1 ml of culture grown
overnight in MRS broth (M369, HiMedia, Mumbai, India) at
30◦C was centrifuged at 8,000 rpm for 10 min. The pellets were
centrifuged at 3,000 rpm, suspended in 40 µl 1× TE buffer,
and freshly prepared 15 µl lysozyme and 15 µl RNAse enzyme
were added to the pellets and incubated at 37◦C for 3 h. After
incubation, 15 µl of 20% SDS (sodium dodecyl sulfate) and 15 µl
of proteinase-K were added and further incubated at 55◦C for
3 h. An equal volume of phenol-chloroform solution (49:48)
was added to the above mixture, centrifuged at 10,000 rpm for
15 min, and the aqueous upper layer formed was transferred
to a fresh vial containing chloroform-isoamyl solution (48:1). It
was centrifuged again at 10,000 rpm for 15 min, and the upper
aqueous layer formed was transferred to a fresh vial containing
15 µl of 3M sodium acetate and 400 µl of cold absolute alcohol
and kept at −20◦C for 1 h. The mixture was again centrifuged
at 10,000 rpm for 30 min, and the pellets were washed with 70%
ethanol and further centrifuged at 10,000 rpm for 30 min. The
pellets were then collected, air dried, and suspended in 30 µl
1× TE buffer and stored at −20◦C for further analysis. The
quality of the genomic DNA was checked by electrophoresis in
0.8% agarose gel and quantified using a NanoDrop spectrometer
(ND-1000 spectrometer, NanoDrop technologies, Willington,
CT, United States) (Kumbhare et al., 2015).

PCR Amplification
The PCR of the 16S rRNA gene from the isolated genomic
DNA was amplified using a universal oligonucleotide primer
pair 27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R
(5′-TACGGTTACCTTGTTACGACTT-3′) (Lane, 1991) in a
Thermal cycler (Applied Biosystems-2720, United States). The
reaction mixture, conditions, and protocol for the polymerase
chain reaction amplification were performed following the
method of Chagnaud et al. (2001). PCR amplification was
performed in a mixture containing a final volume of 50 µl of
Go green Taq master mix (1×) (NEB), 10 µM of F primer,
10 µM of R primer, and nuclease-free water (NEB). The PCR
reaction program was set under the following PCR conditions:
94◦C for 10 min; 94◦C for 1 min, 65◦C for 1 min, 72◦C for
30 s for 35 cycles, and 72◦C for 7 min. PCR products were
detected by electrophoresis using 1% agarose, and the bands
were stained with 7 µl/100 mL of ethidium bromide (RM813,
HiMedia, Mumbai, India) and visualized in UV source Gel-Doc
1000 (Bio-Rad, 97-0186-02, United States). A standard 100 base
pair DNA ladder (HiMedia, Mumbai, India) was used for the
verification of amplicon size.

Purification of the PCR Amplicons
The amplified PCR products were then purified using PEG
(polyethylene glycol)-NaCl (sodium chloride) precipitation (20%
w/v of PEG, 2.5 M NaCl) precipitation method with little
modifications of method described by Schmitz and Riesner
(2006). About 0.6 volume of 20% PEG-NaCl was added to final
volume of PCR products and incubated at 37◦C for 30 min. After
centrifugation at 12,000 rpm for 30 min, the aqueous solution
was discarded, the pellet was washed twice with freshly prepared
ethanol (70%) by centrifugation at 12,000 rpm for 30 min.
The collected pellet was then air-dried overnight and 20 µl of
nuclease-free water was added, and the final purified product was
loaded in 1% agarose gel.

16S rRNA Gene Sequencing
PCR products were set up in 5 µl volume for single
primer amplification with the same universal primers 27F
(5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-
TACGGTTACCTTGTTACGACTT-3′) (Lane, 1991) for separate
reactions for each primer. PCR reaction was set as follows:
denaturation for (96◦C, 10 s), annealing (50◦C, 5 s), and
elongation (60◦C, 2 min) with a stop reaction at 4◦C. The
amplicons were then precipitated with 1 µl sodium acetate
(3M, pH 5.2) and 24 µl of absolute alcohol, mixed briefly in
vortex and incubated at room temperature for 15 min, spun
at 12,000 rpm for 20 min, further washed with 70% ethanol,
air-dried, and suspended in 10 µl formamide. Sequencing
of the amplicons was performed by the Sanger Sequencing
method or the Chain-termination DNA (Sanger et al., 1977),
the automation of a modified Sanger method that is commonly
used to check the sequence of the templates (Heather and Chain,
2016), was carried out in an automated DNA Analyzer (ABI
3730XL Capillary Sequencers, Applied Biosystems, Foster City,
CA, United States).
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Bioinformatics
The sequence quality was checked by Sequence Scanner v.1.0
(Applied Biosystems, Foster City, CA, United States). After
checking the sequence quality, the sequences were assembled
using a ChromasPro 1.5 (McCarty, 1998). The orientation of
the assembled sequences was checked using an orientation
checker v.1.0. The identity of bacterial isolates was assigned
by comparing their DNA sequences with those available in the
GenBank NCBI (National Center for Biotechnology Information)
database using a BLAST (basic local alignment search tool) 2.0
program (Altschul et al., 1990). The sequences were then aligned
by pairwise alignment using clustalW, and the phylogenetic
tree was constructed using MEGA7.0 software by the neighbor
joining method (Gascuel and Steel, 2006; Kumar et al., 2016).
Diversity indices were calculated using a PAST (PAleontological
STatistics) v.3.25, which is a comprehensive statistics package
used in many fields of life sciences, economics, earth science,
engineering, and paleontology (Hammer et al., 2001). The Chao 1
value for species richness was calculated following the method of
Chao and Chiu (2016).

Data Availability
The sequences retrieved from the 16S rRNA sequencing were
deposited at GenBank-NCBI under the nucleotide accession
number: MK748250-MK748278, MK202997-MK203032, and
MK752675-MK752677.

RESULTS

Microbial Population
Populations of bacteria in 35 samples of traditionally prepared
dry starters collected from different regions of the Eastern
Himalayas were 1.0 × 105 to 2.7 × 108 cfu/g (Table 1).
The moisture contents of all samples analyzed were 10%–17%
except for phab of Bhutan in which the moisture content
was comparatively low (<6%). Average pH of all samples
was 5.5 (Table 1).

Phenotypic Characterization
We isolated 201 total bacterial isolates from 35 different
samples of traditionally prepared starters collected from the
Eastern Himalayas, which were represented by 139 isolates
from marcha (Sikkim 49; Darjeeling 38; Nepal 34, Bhutan 18),
12 isolates from paa (Arunachal Pradesh), 17 isolates from
pee (Arunachal Pradesh), 11 isolates from phut (Arunachal
Pradesh), and 22 isolates from phab (Bhutan). All 201 bacterial
isolates were phenotypically characterized based on various
biochemical and physiological parameters (Table 2). A total
of nine different bacterial genera including unidentified group
were presumptively identified based on phenotypic results
following Bergey’s manual of bacteriological classification (Holt
et al., 1994), which were mostly represented by Gram-positive
bacteria (Pediococcus, Lactobacillus, Enterococcus, Leuconostoc,
Bacillus, and Staphylococcus) and two Gram-negative bacteria
(Enterobacter and Citrobacter). We randomly grouped 201

isolates into 68 representative bacterial strains based on
phenotypic characterization results (data not shown).

Molecular Identification of Bacterial
Isolates
The genomic DNA of each isolate of all 68 representative bacteria
strains was extracted and PCR products were prepared for
identification by 16S rRNA gene sequence using the Sanger
method. DNA sequences of bacterial isolates were assigned by
comparing them with those available in the GenBank NCBI
database using a BLAST 2.0 program (Altschul et al., 1990) for
identification. The phylogenetic trees of the nucleotide sequences
of 68 bacteria isolates from samples of marcha, paa, pee, phut,
and phab were constructed using the Neighbor-joining method
with 1,000 bootstrap value replicates (Figure 2). The 16S rRNA
sequencing results showed three bacterial phyla represented
by Firmicutes (85%), Proteobacteria (9%), and Actinobacteria
(6%). The phylum distribution of the marcha samples from
Nepal showed Firmicutes (80%) followed by Actinobacteria
(20%); Darjeeling showed Firmicutes (100%); Sikkim showed
Firmicutes (92%), and Actinobacteria (8%); Bhutan showed
Firmicutes (100%). In starters from Arunachal Pradesh the
variable distribution pattern in phyla level was observed.
Samples of paa showed Firmicutes (80%), and Proteobacteria
(20%), pee showed Firmicutes (67%), Proteobacteria (16%), and
Actinobacteria (17%), and phut showed Firmicutes (75%), and
Proteobacteria (25%). Similarly, phylum distribution in phab
from Bhutan showed Firmicutes (57%) and Proteobacteria (43%).
Based on results of the 16S rRNA gene sequencing, 15 different
genera viz. Leuconostoc, Enterococcus, Bacillus, Staphylococcus,
Lactobacillus, Enterobacter, Klebsiella, Pseudomonas, Pediococcus,
Stenotrophomonas, Kocuria, Brevibacterium, Lysinibacillus,
Weissella, and Micrococcus with 32 species from starters of
the Eastern Himalayas were identified (Tables 3, 4). A wide
diversity of bacteria (mainly LAB) was reported for the first
time in traditionally prepared dry starters of the Eastern
Himalayas (Table 5). The dominance of species of LAB was
observed with 59% of total isolates in samples over non-LAB
isolates (31%) (Figure 3). Enterococcus durans, E. faecium, E.
fecalis, E. hirae, E. lactis, Pediococcus acidilactici, P. pentosaceus,
Lactobacillus plantarum subsp. plantarum, Lb. pentosus,
Leuconostoc mesenteroides, and Weissella cibaria were lactic
acid bacterial species found in starter samples. Enterococcus
durans (54.5%) was the most dominant species present in
marcha samples from India (Darjeeling), whereas Pediococcus
pentocaseus (5.8%) showed the lowest prevalence in marcha
samples from Bhutan (Figure 4). LAB were found in all samples
with highest occurrence in marcha samples of Darjeeling (91%).
Non-LAB species were also recovered in many samples of
starters, which were represented by Bacillus subtilis subsp.
inaquosorum, B. circulans, B. albus, B. cereus, B. nakamurai,
B. nitratireducens, B. pseudomycoides, B. zhangzhouensis,
Kocuria rosea, Staphylococcus hominis subsp. hominis, S.
warneri, S. gallinarum, S. sciuri, Lysinibacillus boronitolerans,
Brevibacterium frigoritolerans, and Micrococcus yunnanensis.
Interestingly, we detected few Gram-negative bacteria in
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IMViC test was not determined
for Gram-positive bacteria.

Enterococcus
(41)

+(18)
−(23)

+(29)
−(12)

+(23)
−(18)

+(14)
−(27)

+(34)
−(7)

+(18)
−(24)

+(34)
−(6)
v(1)

+(34)
−(7)

+(33)
−(3)
v(5)

+ −(7)
+(34)

+(7)
−(34)

+(23)
−(17)
v(1)

+(36)
−(5)

+(6)
−(30)
v(5)

+(6)
−(35)

+(35)
−(6)

+(13)
−(28)

+(32)
−(4)
v(5)

+(35)
−(6)

Pediococcus
(57)

+(19)
−(38)

+(27)
−(30)

+(19)
−(38)

+(23)
−(26)
v(8)

+(28)
−(29)

+(23)
−(29)
v(5)

+(36)
−(12)
v(9)

+(49)
−(5)
v(3)

+(32)
−(24)
v(1)

+ +(33)
−(24)

+(13)
−(44)

+(38)
−(18)
v(1)

+(48)
v(9)

+(4)
−(51)
v(2)

+(3)
−(51)
v(3)

+(40)
−(16)
v(1)

+(5)
−(52)

+(7)
−(44)
v(6)

+(38)
−(13)
v(6)

+(46)
−(9)
v(2)

Lactobacillus
(15)

+(12)
−(3)

+(5)
−(10)

+(10)
−(5)

+(5)
−(10)

+(10)
−(5)

+(5)
−(10)

+ +(12)
−(3)

+(4)
−(11)

+ +(12)
−(3)

+(10)
−(2)
v(3)

+(4)
−(11)

+ +(7)
−(8)

+(10)
−(5)

+(3)
−(6)
v(6)

+ +(9)
−(6)

+(5)
−(5)
v(5)

Bacillus
(21)

+(17)
−(4)

+(3)
−(18)

+(3)
−(18)

+(3)
−(18)

+(3)
−(18)

+(6)
−(15)

+(15)
−(6)

+(17)
−(4)

+(9)
−(12)

+(18)
−(3)

−(11)
+(10)

+(15)
−(6)

+ +(7)
−(14)

+(6)
−(15)

+(17)
v(4)

+ +(19)
v(2)

+

Staphylococcus
(13)

+(8
−(5)

+(6)
−(5)
v(2)

+(5)
−(8)

+(4)
−(9)

+(6)
−(7)

+(5)
−(6)
v(2)

+(9)
−(2)
v(2)

+(5)
−(8)

+(3)
−(10)

+ +(8)
−(4)
v(1)

+(8)
−(5)

+(8)
−(3)
v(2)

+(6)
−(2)
v(5)

+(2)
−(9)
v(2)

+(2)
−(9)
v(2)

+(5)
−(7)
v(1)

+(2)
−(10)
v(1)

+(5)
−(7)
v(1)

+(9)
−(3)
v(1)

Unidentified
(21)

+(12)
−(9)

+(7)
−(14)

+(4)
−(17)

+(11)
−(8)
v(2)

+(8)
−(13)

+(9)
−(10)
v(2)

+(12)
−(6)
v(3)

+(18)
−(3)

+(12)
−(9)

+ +(11)
−(10)

+(3)
−(18)

+(12)
−(9)

+ +(2)
−(19)

+(1)
−(19)
v(1)

+(14)
−(6)
v(1)

+(3)
−(17)
v(1)

+(11)
−(8)
v(2)

+(15)
−(3)
v(3)

+(15)
−(4)
v(2)

Enterobacter
(8)

+ − +(2)
−(6)

+ − + − +(6)
−(2)

− + + + + Physiological tests were not done for Gram–negative
bacteria

− − + + + +

Citrobacter
(10)

+(5)
−(5)

- − +(5)
−(5)

+(8)
−(2)

+(7)
−(3)

+(8)
−(2)

−(7)
+(3)

−(5)
v(5)

−(7)
+(3)

− − − +(6)
−(4)

−(6)
+(4)

+(6)
−(4)

+,Positive;−,Negative; v, Variable; Numbers in parenthesis indicates number of isolates; All strains of Gram-negative bacteria were tested for IMViC either+/−.+,Positive;−,Negative; v, Variable; Numbers in parenthesis
indicates number of isolates; All strains of Gram-negative bacteria were tested for IMViC either ±.

Frontiers
in

M
icrobiology

|w
w

w
.frontiersin.org

6
N

ovem
ber

2019
|Volum

e
10

|A
rticle

2526

https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-10-02526 November 2, 2019 Time: 13:40 # 7

Pradhan and Tamang Bacterial Diversity in Starters of the Eastern Himalayas

FIGURE 2 | Phylogenetic tree of the nucleotide sequences of 68 bacteria isolates from 35 different samples of dry starter from the Eastern Himalayas based on 16S
rRNA sequencing. The tree was constructed by using the Neighbor-joining method (Gascuel and Steel, 2006) with bootstrap values for 1,000 replicates shown at
the nodes of the tree using MEGA-7 (Kumar et al., 2016). The optimal tree with the sum of branch length = 0.98855936 is shown. The evolutionary distances were
computed by the Maximum Composite Likelihood method (Varin et al., 2011) and are expressed in the units of the number of nucleotide substitutions per site. All
positions containing gaps and missing data were eliminated. There were 308 total positions in the final dataset.

some of the starter cultures from Arunachal Pradesh such as
Stenotrophomonas maltophilia in paa, Klebsiella pneumoniae in
pee, Pseudomonas putida in phut, and Enterobacter hormaechei
subsp. xiangfangensis, and E. hormaechei subsp. steigerwaltii in
some samples of phab from Bhutan (Table 5).

Diversity indexes of bacterial communities of different starter
cultures were characterized by the Shannon diversity index H, the
Simpson’s index, and the Dominance and Chao1 index (Table 6).
The Shannon diversity index H for evaluating bacterial diversity
recorded highest in marcha from Sikkim (H:2.305) and lowest in
marcha from Darjeeling (H:1.121). Simpson’s diversity index (1-
D) values were 0.8878, 0.8711, 0.86, and 0.8374 for starters from
Sikkim, Arunachal Pradesh, Nepal, and Bhutan, respectively. An
estimation of species richness based on abundance was shown
by the Chao 1 index. The dominance D-values were recorded as

being highest for marcha samples from Darjeeling and lowest for
marcha samples from Sikkim.

DISCUSSION

In this study five types of traditionally prepared dry starters
(marcha, pha, paa, pee, and phut) were collected from different
regions of the Eastern Himalayas, and they were analyzed
for microbial load, pH, and moisture. The average bacterial
population of all samples was 108 cfu/g, which was not reported
earlier except for marcha from the Darjeeling hills and Sikkim
(Tamang and Sarkar, 1995; Tsuyoshi et al., 2005; Tamang et al.,
2007). The bacterial load of marcha from Sikkim was 106

to 108 cfu/g (Table 1), which was almost the same as that
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TABLE 3 | Identification of LAB isolates from dry starters from the Eastern Himalayas based on 16S rRNA gene sequencing.

Isolate
code

Sample (Place) Identity Type species (% similarity) GenBank
Accession No.

Size
(base pair)

AKB6 Marcha (Darjeeling) Leuconostoc
mesenteroides

Leuconostoc mesenteroides ATCC 8293 (99.54%) MK748250 1315

BPB18 Marcha(Bhutan) Enterococcus durans Enterococcus durans JCM 8725 16S (99.52%) MK748251 1254

DMB4 Marcha (Darjeeling) Enterococcus durans Enterococcus durans JCM 8725 (99.55%) MK748252 1325

SMB13 Marcha (Sikkim) Leuconostoc
mesenteroides

Leuconostoc mesenteroides ATCC 8293 (99.55%) MK748253 1339

AKB3 Marcha (Darjeeling) Pediococcus acidilactici Pediococcus acidilactici DSM 20284 (99.62%) MK748254 833

AOB14 Pee (Arunachal Pradesh) Enterococcus durans Enterococcus durans JCM 8725 (99.62%) MK748255 1333

AOB15 Pee (Arunachal Pradesh) Enterococcus faecium Enterococcus faecium DSM 20477 (98.11%) MK748256 1430

AOB25 Phut (Arunachal Pradesh) Enterococcus faecium Enterococcus faecium DSM 20477 (99.71%) MK748258 1406

AOB4 Paa (Arunachal Pradesh) Enterococcus faecium Enterococcus faecium DSM 20477 (99.38%) MK748259 1460

BPB11 Marcha(Bhutan) Enterococcus faecium Enterococcus faecium DSM 20477 (98.91%) MK748260 1476

BPB31 Phab(Bhutan) Enterococcus faecium Enterococcus faecium DSM 20477 (99.28%) MK748264 1390

BPB33 Phab(Bhutan) Enterococcus faecium Enterococcus faecium DSM 20477 (99.51%) MK748265 1432

DMB11 Marcha (Darjeeling) Enterococcus durans Enterococcus durans JCM 8725 (99.78%) MK748267 1342

DMB12 Marcha (Darjeeling) Pediococcus acidilactici Pediococcus acidilactici DSM 20284 (99.59%) MK748268 1462

DMB6 Marcha (Darjeeling) Enterococcus durans Enterococcus durans JCM 8725 (99.38%) MK748269 1443

MBV14 Pee (Arunachal Pradesh) Enterococcus durans Enterococcus durans JCM 8725 (99.86%) MK748270 1436

SMB15 Marcha (Sikkim) Enterococcus faecium Enterococcus faecium DSM 20477 (99.86%) MK748274 1447

SMB21 Marcha (Sikkim) Enterococcus faecium Enterococcus faecium DSM 20477 (99.64%) MK748276 1400

SMB5 Marcha (Sikkim) Enterococcus faecium Enterococcus faecium DSM 20477 (99.78%) MK748277 1391

SMB7 Marcha (Sikkim) Enterococcus durans Enterococcus durans JCM 8725 (98.71%) MK748278 1158

AOB5 Paa (Arunachal Pradesh) Enterococcus faecalis Enterococcus faecalis ATCC 19433(T) (99.86%) MK202997 1421

BPB13 Marcha(Bhutan) Pediococcus pentosaceus Pediococcus pentosaceus DSM 20336(T) (99.73%) MK203008 1456

BPB21 Phab(Bhutan) Enterococcus durans Enterococcus durans NBRC 100479(T) (99.79%) MK203010 1430

BPB4 Marcha(Bhutan) Enterococcus durans Enterococcus durans NBRC 100479(T) (99.65%) MK203013 1437

DMB3 Marcha (Darjeeling) Enterococcus durans Enterococcus durans NBRC 100479(T) (99.72%) MK203015 1441

AOB24 Phut (Arunachal Pradesh) Enterococcus hirae Enterococcus hirae ATCC 9790(T) (99.86%.) MK202998 1411

DMB13 Marcha (Darjeeling) Enterococcus durans Enterococcus durans NBRC 100479(T) (99.58%) MK203017 1433

DMB14 Marcha (Darjeeling) Pediococcus acidilactici Pediococcus acidilactici DSM 20284(T) (99.52%) MK203018 1461

DMB11 Marcha (Darjeeling) Pediococcus acidilactici Pediococcus acidilactici DSM 20284(T) (99.66%) MK203019 1456

DMB15 Marcha (Darjeeling) Enterococcus durans Enterococcus durans NBRC 100479(T) (99.72%) MK203020 1437

NMB3 Marcha (Nepal) Lactobacillus pentosus Lactobacillus pentosus DSM 20314(T) (97.44%) MK203022 1276

NMB8 Marcha (Nepal) Lactobacillus plantarum
subsp. plantarum

Lactobacillus plantarum subsp. plantarum ATCC
14917(T) (99.65%)

MK203024 1441

AOB26 Phut (Arunachal Pradesh) Enterococcus lactis Enterococcus lactis BT159 (T) (98.0%) MK202999 1398

NMB7 Marcha (Nepal) Lactobacillus plantarum
subsp. plantarum

Lactobacillus plantarum subsp. plantarum ATCC
14917(T) (100%)

MK203027 1435

SMB9 Marcha (Sikkim) Weissella cibaria Weissella cibaria KACC 11862(T) (99.66%) MK203028 1455

SMB13 Marcha (Sikkim) Pediococcus pentosaceus Pediococcus pentosaceus DSM 20336(T) (99.79%) MK203029 1433

AOB2 Paa (Arunachal Pradesh) Enterococcus faecalis Enterococcus faecalis ATCC 19433(T) (99.79%). MK203002 1420

AOB11 Paa (Arunachal Pradesh) Enterococcus faecalis Enterococcus faecalis ATCC 19433(T) (99.58%). MK203003 1421

SMB11 Marcha (Sikkim) Enterococcus durans Enterococcus durans JCM 8725 (96.44%) MK752677 1432

SMB3 Marcha (Sikkim) Enterococcus faecalis Enterococcus faecalis NBRC 100480 (97.42%) MK752675 1123

ATCC, American Type Cell Culture; JCM, Japan Collection of Microorganisms; DSM, Deutsche Sammlung von Mikroorganismen; MCCC, Microbial Culture Collection;
NBRC, Biological Resource Centre, NITE; CCM, Czech collection of microorganisms; KACC, Korean Agricultural Culture Collection; YIM, Yunnan Institute of Microbiology;
KCTC, Korean Collection for Type Cultures; NRRL, Agricultural Research Service Culture Collection.

of populations of yeasts and filamentous molds in marcha
from Sikkim (Tsuyoshi et al., 2005). This shows that bacterial
populations in traditionally prepared starters of the Eastern
Himalayas may have co-existed equally with filamentous molds
and yeasts (Hesseltine et al., 1988; Zheng et al., 2015). The
moisture content of all starters was low due to the sun-drying

process that followed immediately after fermentation, the step
necessary to maintain the potency of traditionally prepared
starters to be able to be stored in a dry place at room temperature
for future use. The pH of all samples was mildly acidic, which
may be due to the dominance of LAB (∼108 cfu/g) in dry starters
(Tamang and Sarkar, 1995).
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TABLE 4 | Identification of non-LAB and Gram-negative bacteria from dry starters from the Eastern Himalayas based on 16S rRNA gene sequencing.

Isolate
code

Sample (Place) Identity Type species (% similarity) GenBank
Accession No.

Size
(base pair)

AOB48 Phut (Arunachal
Pradesh)

Pseudomonas putida Pseudomonas putida KT2440 (99.85%) MK203004 1379

AOB18 Pee (Arunachal
Pradesh)

Klebsiella pneumoniae Klebsiella pneumoniae DSM 30104 (99.3%) MK748257 1439

BPB23 Phab
(Bhutan)

Enterobacter hormaechei
subsp. xiangfangensis

Enterobacter hormaechei subsp. Xiangfangensis
10−17 (99.58%)

MK748261 1431

BPB27 Phab
(Bhutan)

Enterobacter hormaechei
subsp. Xiangfangensis

Enterobacter hormaechei subsp. Xiangfangensis
10−17 (98.88%)

MK748263 1446

BPB26 Phab
(Bhutan)

Enterobacter hormaechei
subsp. steigerwaltii

Enterobacter hormaechei subsp. Steigerwaltii DSM
16691(T) (99.23%)

MK203011 1422

AOB9 Paa (Arunachal
Pradesh

Stenotrophomonas
maltophilia

Stenotrophomonas maltophilia MTCC 434(T) (99.79%) MK203000 1416

NMB10 Marcha (Nepal) Bacillus zhangzhouensis Bacillus zhangzhouensis DW5−4(T) (99.58%) MK203023 1432

NMB23 Marcha (Nepal) Staphylococcus xylosus Staphylococcus xylosus CCM 2738(T) (99.86%) MK203021 1426

BPB24 Phab
(Bhutan)

Bacillus albus Bacillus albus MCCC 1A02146 (99.02%) MK748262 1437

BPB8 Marcha
(Bhutan)

Bacillus circulans Bacillus circulans NBRC 13626 (98.64%) MK748266 1412

NMB11 Marcha (Nepal) Bacillus cereus Bacillus cereus ATCC 14579 (100%) MK748271 1460

NMB12 Marcha (Nepal) Brevibacterium
frigoritolerans

Brevibacterium frigoritolerans DSM 8801 (99.72%) MK748272 1426

NMB13 Marcha (Nepal) Brevibacterium
frigoritolerans

Brevibacterium frigoritolerans DSM 8801 (100%) MK748273 1388

SMB19 Marcha (Sikkim) Lysinibacillus boronitolerans Lysinibacillus boronitolerans NBRC 103108 (99.59%) MK748275 1220

BPB1 Marcha
(Bhutan)

Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (99.72%) MK203006 1437

BPB10 Marcha
(Bhutan)

Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (99.79%) MK203007 1432

BPB17 Marcha
(Bhutan)

Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (99.72%) MK203009 1429

BPB3 Marcha
(Bhutan)

Staphylococcus warneri Staphylococcus warneri ATCC 27836(T) (98.92%) MK203012 1490

BPB7 Marcha
(Bhutan)

Bacillus nitratireducens Bacillus nitratireducens 4049(T) (99.36%) MK203014 1404

DMB5 Marcha (Darjeeling) Staphylococcus hominis
subsp. hominis

Staphylococcus hominis subsp. hominis DSM 20328(T)
(99.93%)

MK203016 1425

NMB20 Marcha (Nepal) Staphylococcus gallinarum Staphylococcus gallinarum ATCC 35539(T) (99.86%) MK203025 1437

NMB22 Marcha (Nepal) Staphylococcus sciuri Staphylococcus sciuri DSM 20345(T) (99.65%) MK203026 1439

SMB22 Marcha (Sikkim) Micrococcus yunnanensis Micrococcus yunnanensis YIM 65004(T) (99.64%) MK203030 1379

SMB1 Marcha (Sikkim) Bacillus subtilis subsp.
inaquosorum

Bacillus subtilis subsp. Inaquosorum KCTC 13429(T)
(99.65%)

MK203031 1425

SMB8 Marcha (Sikkim) Bacillus pseudomycoides Bacillus pseudomycoides AFS041167 (99.93%) MK203032 1407

AOB19 Pee (Arunachal
Pradesh)

Kocuria rosea Kocuria rosea DSM 20447(T) (99.79%.) MK203001 1399

AOB20 Pee (Arunachal
Pradesh)

Bacillus subtilis subsp.
inaquosorum

Bacillus subtilis subsp. Inaquosorum KCTC 13429(T)
(99.79%)

MK203005 1431

SMB14 Marcha (Sikkim) Bacillus nakamurai Bacillus nakamurai NRRL B-41091 (96.65%) MK752676 1103

First, we phenotypically characterized all 201 bacterial strains
isolated from samples of marcha, paa, pee, phut, and phab
and presumptively identified four genera of LAB- Enterococcus,
Pediococcus, Leuconostoc, and Lactobacillus, two genera of
non-LAB-Bacillus and Staphylococcus, and two Gram-negative
bacterial genera, Enterobacter and Citrobacter. We grouped
201 isolates into 68 representative bacterial strains on the

basis of phenotypic and biochemical tests for confirmation of
their identity and assigned the taxonomical nomenclature by
using 16S rRNA gene sequencing. In our study, we found
a dominance of phylum Firmicutes (85%) over Proteobacteria
(9%) and Actinobacteria (6%) in starters from the Eastern
Himalayas. Firmicutes was also reported as the major abundant
phylum in daqu, a starter for Chinese strongly flavored
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TABLE 5 | Bacterial diversity in dry starters from the Eastern Himalayas.

Country/place Starter Bacterial species

Nepal Marcha LAB: Lactobacillus pentosus, Lb. plantarum subsp. plantarum

Non-LAB: Bacillus cereus, B. zhangzhouensis, Brevibacterium frigoritolerans, Staphylococcus xylosus,
S. gallinarum, S. sciuri

Gram-ve bacteria: NR

India (Darjeeling hills) Marcha LAB: Enterococcus durans, Pediococcus acidilactici, Leuconostoc mesenteroides

Non-LAB: Staphylococcus hominis subsp. hominis

Gram-ve bacteria: NR

India (Sikkim) Marcha LAB: Pediococcus pentosaceus, Leuconostoc mesenteroides, Enterococcus faecium, E. faecalis,
E. durans, Weissella cibaria

Non-LAB: Lysinibacillus boronitolerans, Micrococcus yunnanensis, Bacillus subtilis subsp. inaquosorum,
B. pseudomycoides, B. nakamurai

Gram-ve bacteria: NR

India (Arunachal Pradesh) Paa LAB: Enterococcus faecalis, E. faecium

Non-LAB: NR

Gram-ve bacteria: Stenotrophomonas maltophilia

Pee LAB: Enterococcus faecalis, E. durans, E. faecium

Non-LAB: Kocuria rosea, Bacillus subtilis subsp. inaquosorum

Gram-ve bacteria: Klebsiella pneumoniae

Phut LAB: Enterococcus hirae, E. lactis, E. faecium

Non-LAB: NR

Gram-ve bacteria: Pseudomonas putida

Bhutan Marcha LAB: Pediococcus pentosaceus, Enterococcus durans, E. faecium

Non-LAB: Staphylococcus warneri, Bacillus nitratireducens, B. circulans

Gram-ve bacteria: NR

Phab LAB: Enterococcus durans, E. faecium

Non-LAB: Bacillus albus

Gram-ve bacteria: Enterobacter hormaechei subsp. xiangfangensis, Enterobacter hormaechei subsp. steigerwaltii

LAB, lactic acid bacteria; NR, not recovered.

FIGURE 3 | Distribution of LAB, non-LAB, and Gram-negative bacteria in dry starters from the Eastern Himalayas.

liquor (Zou et al., 2018; He et al., 2019), and in nuruk, a starter
from Korean used to produce makgeolli, a Korean alcoholic
beverage (Jung et al., 2012). The sequence data based on a
constructed phylogenetic tree revealed a dominance of LAB
(59%) with five different genera and 11 species represented by

Enterococcus durans, E. faecium, E. fecalis, E. hirae, E. lactis,
Pediococcus acidilactici, P. pentosaceus, Lactobacillus plantarum
subsp. plantarum, Lb. pentosus, Leuconostoc mesenteroides, and
Weissella cibaria. Only two genera of LAB represented by
Pediococcus pentosaceus and Lactobacillus brevis were reported
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FIGURE 4 | Distribution of bacterial species in dry starters from the Eastern Himalayas.

earlier from marcha samples from Sikkim and the Darjeeling hills
(Tamang and Sarkar, 1995; Tamang et al., 2007). However, in this
study we found a wide diversity of LAB in samples of marcha
collected from the Darjeeling hills and Sikkim in India, which
included Pediococcus pentosaceus, P. acidilactici, Enterococcus
faecium, E. durans, E. faecalis, Leuconostoc mesenteroides,
and Weissella cibaria, whereas, Lactobacillus pentosus and Lb.
plantarum subsp. plantarum were found only in marcha samples
from Nepal. Variations in altitude and other geographical factors
may affect the composition of microbiota in dry starters (Jeyaram
et al., 2011; Lv et al., 2012). Traditional methods of preparation
of marcha, phab, paa, pee, and phut are more or less similar
except for some variations that were observed in the use of
substrates, such as rice for marcha, phut, paa, and pee, and maize-
rice husk for phab from Bhutan, and also wrapping materials for
fermenting substrates such as fern leaves (Glaphylopteriolopsis
erubeseens) for marcha preparation, dry paddy straws for phab,
and locally available plant leaves for the preparation of paa, pee,
and phut. Bacterial diversity in dry starters from the Eastern
Himalayas may be influenced by hygienic conditions, quality
of cereal substrates, wrapping materials, and sources of natural
or tap water during traditional methods of preparation (Peter-
Ikechukwu et al., 2016; Gonelimali et al., 2018; Sha et al., 2019).

The bacterial profile of marcha from Nepal and Bhutan,
paa, pee, and phut of Arunachal Pradesh, and phab from

Bhutan has been reported for the first time in our study.
A similar type of dry starter for Assam in North East India
called xaj-pitha also contained several species of LAB such
as Lactobacillus plantarum, Lb. brevis, Weissella cibaria, W.
paramesenteroides, W. confusa, Lactococcus lactis, Lactobacillus
casei group, Leuconostoc lactis, Leuconostoc pseudomesenteroides,
Pediococcus pentosaceus, Lactococcus garvieae, and Enterococcus
sp. (Bora et al., 2016). Thanh et al. (2008) reported many
species of LAB in Vietnamese banh men, which included
Pediococcus pentosaceus, Lactobacillus plantarum, Lb. brevis,
Lb. fermentum, Lb. agilis, W. confusa, W. paramesenteroides,
and Lactococcus lactis. Enterococcus faecium, Lactobacillus

TABLE 6 | Diversity indices of different dry starters from the Eastern Himalayas.

Country/Region Diversity indices

Simpson’s
index (1-D)

Shannon’s
index (H)

Dominance
(D)

Chao-1

Nepal 0.86 2.025 0.14 13

India (Darjeeling hills) 0.6116 1.121 0.3884 5

India (Sikkim) 0.8878 2.305 0.1122 29

India (Arunachal Pradesh) 0.8711 2.176 0.1289 20.5

Bhutan 0.8374 1.925 0.1626 14
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plantarum, Leuconostoc mesenteroides, Pediococcus acidilactici, P.
pentosaceus, Weissella paramesenteroides, and W. cibaria, were
reported in nuruk from Korea (Hoon et al., 2013). Several
species of LAB in Cambodian dombea were also reported:
Weissella cibaria, Lactobacillus plantarum, Lactococcus lactis,
Pediococcus pentosaceus, and Enterococcus durans (Ly et al.,
2018). This indicates that species of LAB predominate the
microbial composition of traditionally prepared dry starters in
Asia, including the Eastern Himalayas. LAB have been considered
as favorable bacteria in cereal-based beverages due their ability
to improve protein digestibility, enhance organoleptic quality,
and increase nutritional bioavailability (Luana et al., 2014).
Species of Weissella, Lactobacillus, Lactococcus, Leuconostoc,
Pediococcus, and Enterococcus are known for flavor development,
the production of organic acids, and antimicrobial activities in
Chinese daqu used for liquor production (Gou et al., 2015).
Enterococcus sp. has been reported to produce enterocins, which
play a major role in preventing the growth of foodborne and
spoilage-causing pathogens (Javed et al., 2011).

Non-LAB species formed the next abundant group (32%)
in starters from the Eastern Himalayas with the dominance of
Bacillus spp. The abundance of Bacillus sp. may be due to its
ability to survive in environments with low moisture and high
temperature (Nuding et al., 2017). Also, the Bacillus species are
important sources of amylase and protease enzymes, which are
involved in saccharification and flavor production (Beaumont,
2002). A dominance of Bacillus sp. was also reported in daqu from
China (Wang et al., 2008; Zheng et al., 2012) and banh men from
Vietnam (Thanh et al., 2008). The next most abundant bacterium
was Staphylococcus spp., found in the Himalayan starters, which
secretes amylase (Li et al., 2014) and protease in Chinese daqu
(Yang et al., 2017) and also produces lipases for the production
of esters for flavor (Talon et al., 1996); thus, this group of
bacteria probably plays a major role in the flavor enhancement
of the final product. The prevalence of phylum Actinobacteria in
some starters of the Eastern Himalayas was only 6%, represented
by Kocuria rosea, Micrococcus yunnanensis, and Brevibacterium
frigoritolerans. The presence of Actinobacteria has been reported
in Chinese daqu (Zou et al., 2018) and Indian marcha and thiat
(Sha et al., 2017).

Few species of opportunist pathogens and environmental
contaminants such as Micrococcus, Stenotrophomonas,
Enterobacter, Klebsiella, and Pseudomonas were detected,
and they were found only in samples of paa, pee, and phut from
Arunachal Pradesh, and phab from Bhutan. However, both the
prevalence and populations of these contaminants were low and
it is presumed that these organisms might have contaminated
the samples during the traditional method of preparation
from substrates, herbs, water, utensils, wrapping materials, etc.,
Gram-negative bacteria were not detected in any samples of
marcha collected from Nepal, India, or Bhutan. In our previous
study on marcha, no Gram-negative bacteria were found at the
genus level, and this was discovered through an analysis using a
high-throughput sequencing method (Sha et al., 2019). Although
most of these bacteria are opportunists and probable foodborne
pathogens, some of them, such as Enterobacter sp., are involved
in the production of amylases and lipases and also the formation

of flavor in daqu (Li et al., 2015). The presence of LAB inhibits
the growth of pathogenic and spoilage microorganisms in foods
(Cizeikiene et al., 2013; Castellano et al., 2017) and produces
flavor compounds (Mukisa et al., 2017).

A diversity index, or phylogenetic metric, is a quantitative
measure to show phylogenetic relations within different species
in a community (Birtel et al., 2015). We characterized diversity
indexes of the bacterial community present in starters from the
Eastern Himalayas by using the Shannon diversity index H,
Simpson’s index, and Dominance and Chao1 index (Table 6).
The Shannon diversity index H for evaluating bacterial diversity
was recorded as being highest in marcha from Sikkim (H:2.305)
and lowest in marcha from Darjeeling (H:1.121), indicating a
higher bacterial diversity in marcha from Sikkim as compared to
other starters. The Simpson’s diversity index (1-D) index, which
considers both the number of species as well as the relative
abundance of each species for evaluating diversity, showed
the highest values for marcha from Sikkim. The dominance
D-values were recorded as being highest for marcha samples
from Darjeeling and lowest for marcha samples from Sikkim,
which supports the above inference regarding bacterial diversity.
The dominance D-value ranged between 0–1, where the value
0 indicated that all taxa were equally present and value 1
indicated the dominance of one taxon over the whole community
(Wagner et al., 2018). Thus, the values near zero indicate a highly
diverse ecosystem and values near 1 indicate a less diverse or
homogenous ecosystem (Lv et al., 2012). Hence, the phylogenetic
matric of the bacterial community present in dry starters from the
Eastern Himalayas showed high diversity within the community.
The Eastern Himalayas are known for their rich floral and faunal
diversity within a wide ecosystem (Chettri et al., 2010). Our
findings thus highlight the richness of microbial diversity in the
food ecosystem of the Eastern Himalayas.

The microbial communities and their interactions in starters
are extremely important for proper fermentation, which may
determine the productivity and flavor quality of the final alcoholic
beverage (Cai et al., 2018). There has been an increasing amount
of concern regarding the safety of fermented beverages due
to the presence of ethyl carbamate, which is considered to be
carcinogenic (Ryu et al., 2015), biogenic amines (Liu et al.,
2016), mycotoxin (Sivamaruthi et al., 2018), and contamination
by opportunistic microbial pathogens (Hong et al., 2016). All
these considerations mandate a deep understanding of the
microbial community in starters. Also, the profile of native
microbiota in these starters opens a possibility of finding novel
strain(s) with functional properties for industrial purposes.
This study also records the bacterial diversity of phab from
Bhutan, which is found to be produced rarely by a few ethnic
people of Bhutan. This is probably due to their preference for
commercial marcha, similar to phab, which is sold in local
markets. Bacteria present in traditionally prepared dry starters
have no amylolytic activities (Thapa and Tamang, 2004); however,
they may contribute to the acidification of fermenting substrates
and impart flavor with a mildly acidic and sour taste to traditional
alcoholic beverages (kodo ko jaanr, opo, apong, and themsing)
preferred by the Himalayan people (Thapa and Tamang, 2006;
Tamang et al., 2007).
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CONCLUSION

Information on the microbial composition of traditionally
prepared dry starters of the Eastern Himalayan regions of India,
Nepal, and Bhutan viz. phab, paa, pee, and phut, was unknown
except for marcha from Sikkim in India. These traditional starters
are used by the Himalayan people to ferment cereals into various
alcoholic beverages for home consumption. The main objective
of this study was to profile and assign the taxonomical identity
of bacteria isolated from these traditional starters of the Eastern
Himalayas based on 16S rRNA sequencing. Firmicutes was the
most dominant phylum in all starters and was represented by
several genera and species of LAB and also by some non-LAB.
Interestingly our study showed high diversity within the bacterial
community in traditionally prepared starters of the Eastern
Himalayas, which may supplement the richness of microbial
conservation in the food ecosystem of the regions. Besides
diversity, some bacteria isolated from these traditional starters
may have commercial and industrial importance. This is the first
report on the bacterial diversity of dry starters of the Eastern
Himalayas by Sanger sequencing.
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