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Chapter - 1

Introduction

Food is one of the basic human needs and it ispedisable for survival of life.

Food security is a term that has been used siredath thirty years. The World Food
Conference convenday FAO in 1974 drew the attention of the ‘World Comntynfor

the first time, to the urgent need of devising wagd means for assuring ‘Food Security’
to the hungry millions of the World. Food secunityeans that food is available at all
times that all persons have means of access ttaaitjt is nutritionally adequate in terms
of quantity, quality and variety; and that it iscaptable within the given culture. Only
when all these conditions are in place can a ptipunlde considered ‘Food Secured’
(FAO, 1996). Community food security is a stratefigy ensuring secure access to
adequate amounts of safe, nutritious, culturallgrapriate food for everyone, produced
in an environmentally sustainable way, and proviged manner that promotes human
dignity. Nutrition security is an important dimeosiof food security (Mahendra et al.,
2003). Food is strongly connected to the cultur@ a@bmmunity and provides it with a

distinct identity. Religions and beliefs exertteoag influence on dietary habits. Ethnic
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foods are defined as foods originated from a paercethnic group of people having
their own unique heritage and culture. They areegaly divided into fermented foods,
including beverages and non-fermented foods (Tamaf@l, Tamang and Samuel,
2010). However, there is loss of ethnic food cétof many indigenous people due to
various factors like change in climate, global ewog, the process of rapid urbanization

and the increasing availability of fast foods ie tharket (Tamang and Samuel, 2010)

Indigenous fermented foods are widely consumechamportant part of the diet
of a large population of the world (Van Veen, 198&mpbell-Platt, 1994). Foods that
are invented centuries ago and even predate whittarical records can be prepared by
household or cottage industry using relatively dartpchniques and equipment are called
indigenous fermented foods (Hesseltine and Wang0;18idoo et al 2006; Tamang,

2009).

Traditional fermented foods and beverages are pogutonsumed and form an
integral part of diet since early history (Aidoo at, 2006). Traditional fermentation,
smoking, drying and salting processes were devdldpe preservation and to improve
the nutritional value of the food. These procesdiachnologies have been modified
continuously from experiences of traditional knosge that have been passed down from
generation to next (Rolle and Satin, 2002). Etliodx fermentation process forms one of
the oldest methods of food preparation and presiervavhich not only increases the
shelf life of the food but have benefits of impnoyithe physiochemical characteristics
and nutritional quality (Nout, 2001). The diversiy these fermented products may be
attributed to the heterogeneity of traditions foundthe world, cultural preference,
different geographical areas where they are pratiacel the difference in raw materials
used for fermentation. They play a very importaoié in contributing to the livelihoods
of rural people, through enhanced food security iandme generation (Tamang, 2012).

Indigenous fermented food products are usually gmexp from locally available raw
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materials of plants and animals, which are modifiemthemically and organoleptically
into edible product by the action of microorganiseitber naturally or by adding a starter
culture (Pederson, 1960; Joshi et al., 1999; TanaagHolzapfel, 1999; Hansen, 2002).
Spontaneous fermentation and lack of sterility $etm occurrence of mixed microbial
populations inherent in the raw material or by mii@s from the environment or
preparation equipment (Yasmine, 2000). CampbeliREO87) reported around 3500
global fermented foods and beverages. Tamang (28%0)reported that there might be
more than 5000 varieties of common and uncommomeated foods and alcoholic
beverages being consumed in the world as food coers. Today most fermented
products viz. Yogurt, Kefir, Cheese, Beer, Wineckids, Sauerkraut, Bread, Salami
Tempeh etc. are commercially available to consuraatsinterest in this area is on the
rise (Paramithiotis et al., 2010). However, ~90% natturally fermented foods and
alcoholic beverages are still prepared at home ymtowh under traditional conditions

(Tamang et al., 2016).

Most of the traditional ethnic fermented foods prepared by processes of solid-
substrate fermentation in which the substratelesvald to ferment naturally. On the basis
of substrates, fermented foods are categorised Intbeverages; (2) cereal products; (3)
dairy products; (4) fish products; (5) fruit andge¢ables; (6) legumes; and (7) meat

products (Campbell-Platt, 1987).
Fermented Beverages

Fermented beverages and alcoholic drinks are alllfjuand socially important
among the ethnic people for consumption, drinkigrgtertainment, customary practices,
and religious purposes. These fermented beveraggdmalcoholic or non-alcoholic in
nature. They are usually prepared from local cereaits and vegetables (Steinkraus,
1979). Examples of some indigenous fermented bgesrareAtingbaandYuwhich are

popular fermented rice wines of India, especiall/anipur state (Jeyaram et al., 2009).
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To prepareatingbaandyu, hamej a natural starter culture with a flat rice-cakent is
crushed into powder and mixed with cooked and abalee, which is then left for
fermentation for 3—4 days during the summer or 8ays during the winter (Singh and
Singh, 2006; Jeyaram et al., 2009; Tamang, 200Qa)ji is an ethnic Indian strong-
flavoured but mild alcoholic beverage prepared friw@et and carrots by natural
fermentation (Batra and Millner, 1978haati jaanris the Himalayan sweet-sour, mild
alcoholic food beverage paste prepared from rickcamsumed as a staple food (Tamang
and Thapa, 2006)Sakéwhich is the national drink of Japan and is oneth&f most
popular traditional alcoholic drinks in the worldis prepared from rice usirgpji and is
clear, pale yellow, containing 15-20% alcohol (Taga2010).Pulqueis one of the
oldest alcoholic beverages prepared from the jofidee cactusAgave plant of Mexico.
These beverages are mostly fermented by a comtinati yeasts and LAB, with a

resulting alcoholic and lactic acid fermentatiote{Skraus, 1996).
Fermented Cereal Products

Traditional fermented foods prepared from most camnypes of cereals, such as
rice, wheat, corn or sorghum are well known in mpasts of the world . In most of these
products the fermentation is natural and involvesenh cultures of yeasts, bacteria and
fungi (Soni and Sandhu, 1999). Examples of ceraskt) fermented products achi
which is prepared from a blend of ric©ryza sativurp and dehulled black gram
(Phaseolus mungand is a very popular traditional food of IndradeSri Lanka (lyengar,
1950). Traditionally, it is prepared by first wedaking the rice and the black gram. After
draining the excess water, both are grinded wittesional addition of water. Then the
rice and the black gram batters are mixed in themaf 2:1 with the addition of a little
salt and allowed to ferment overnight. Finally, feemented batter is steamed and taken
as a popular breakfast or snack (Reddy et al.,)1@8ji is an important fermented cereal

from West Africa used as a traditional weaning faotd nutritious meal (Oyewole,
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1997). The grains usually maize but millet and barg can also be used, are steeped for
one to three days in a container, wet-milled armah tvet-sieved. The fermentedi slurry

is popularly consumed as breakfast porridge afteking (Blandino et al., 2003%elroti

is a popular traditional product prepared by the@dliecommunities of India. It is ring-

shaped, rice-based bread (Yonzan and Tamang, 2009).
Fermented Dairy Products

The traditional manufacture of natural fermentedknfiom raw milk is spread
worldwide. Milk is a source of major food comporeahd dairy products produced from
these are traditionally produced within communi(iese, 1997). Fermented milks have a
characteristic semi-solid and curdled texture, bseahe casein proteins in the milk are
dispersed in the liquid product where an increasedcosity occurs due to physical and
chemical changes that takes place during ferment§t/ood, 1994; Gonfa et al., 2001).
Examples of fermented milk products are yogurt,clhis widely consumed and highly
nutritious fermented milk. A general perceptiorttod beneficial health effects associated
to its consumption, led to increased productiomhim developed world since the 1960s.
Today, yogurt is the major commercial fermenteckmallound the world. Yogurt can be
produced from the milk of cow, buffalo, goat, sheggk, and other mammals, although
cow’s milk is predominant in industrial productidifamime and Robinson, 2007).
Traditional yogurt manufacture involved spontane@asdification of milk (with or
without boiling) at moderately high temperaturet@ieen 40°C and 50°C) (Tamime and
Robinson, 2007).Dahi is an Indian traditional fermented dairy productnikr to the
yoghurtof western world (Yadav et al., 2007). Fresh cowalk’s milk is boiled, cooled
and allowed to ferment for 1-2 days. A small qugnbof starter culture from the
previously fermentedahi is added (Mayo et al, 2010). It is popularly cansd due to
its distinctive flavour and a belief in its goodtritional and therapeutic value; is utilized

in various forms in many Indian culinary preparadNair and Prajapati, 200&efir is
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a refreshing drink that originated on the northelopes of the Caucasus Mountains
(Koroleva, 1988). Kefir is produced by adding eithestarter culture callekkfir grains
directly or a percolate of the grains to milk. Kedrains are a mass of several different
bacteria and yeasts imbedded in a complex matriprofein and carbohydrate. The
microorganisms in the kefir grains ferment the médkd the grains can be recovered at
the end of the fermentation process. Traditionah&g@roduction of kefir has been joined
by commercial production in many countries, ands thas helped to increase the
consumption of kefir and to promote its reputatsnbeing good for health (Ismail et al.,

1983).
Fermented Fish Products

Fermentation of fish has been practiced for mangrgyen many parts of the
world. Fermentation is often combined with the &ddiof salt or drying to reduce water
activity and eliminate proteolytic and putrefyingcnoorganisms. The process can be
partial and last for several hours to several we@kan Veen, 1953). Dehydration,
smoking, salting and fermentation are the trad#iotechniques for preservation of
perishable fish (Beddows, 1985). There are manjeti@s of fermented fish products
available today; examples aseka ko maachavhich is an ethnic smoked-fish product
popularly consumed by the people residing in thealayan regions of India (Tamang,
2010b). River fishes mostlgchizothorax richardsoniiray andSchizothorax progastus
McClelland, are used during its preparation. Fisiresdegutted, washed and mixed with
salt and turmeric powder. They are then dried td07ays by keeping it over earthen
oven (Tamang, 2010b). Fish sauce suchamplain Thailand,kecap ikanor bakasang
in Indonesiapatisin the Philippinesnouc-mamn Vietnam, oyster sauc@pi-sin sauce,
and fish and shrimp pastes suchbetacanor terasi in Indonesia and Malaysia are
produced and variations in the manufacture do ebetveen countries production.

Fermentation take places for months, thereforeqtiadity of the raw materials is of great
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importance. Fish, usually small fish like sardinee mixed with salt and fermented to
obtain a clear liquid product (Lopetcharat et 2001; Beddows, 1985; Olympia et al.,
1992; ljong and Ohta, 199@)lgari andHentakis a traditional fermented fish product of
Manipur in North- East India and it reflects theodoculture of the ethnic people of
Manipur (Tamang, 2010bNgari, is a sun dried fermented fish product prepareith wi
fish species oPuntius sophorédamilton. Hentakis a ball-like thick paste prepared by
fermentation of a mixture of sun-dried fisBspmus danricyspowder and petioles of

aroid plants Alocasia marcrorhiza(Thapa, 2002)Hentakis sometimes given to women
during their final stages of pregnancy and to pasigecovering from sickness or injury

(Sarojnalini and Singh, 1988; Thapa, 2016).
Fermented Fruit and Vegetables

The development of fermentation of fruit and vebgktgroducts started from the
time ancient people started collection and stofomd. Perishable and seasonal leafy
vegetables, radish, cucumbers including young editander bamboo shoots are
traditionally fermented into edible products usinlge indigenous knowledge of
biopreservation (Watanabe et al., 2009; Cheigh Rauwdk, 1994; Tamang et al., 2005).
The preserved fermented vegetables are consumé&wydbe long winter season when
fresh leafy vegetables may not be available intglenthe mountainous regions (Tamang
et al., 2005). Well known fermented vegetable pobsiun Asia and Europe include
sauerkraut and kimchi, mainly due to their comnarecnportance (Lee, 1997; Kim and
Chun, 2005). Traditionally, both the products arepared by shredding cabbage and
adding salt to it, but during kimchi preparatioret ingredients such as radish, green
onion, red pepper, garlic and ginger are addedighend Park, 1994; Lee, 1997). In
Eastern Himalayan regions of India a wide rangdeainented vegetable products are
prepared (Tamang et al., 200%3undrukis a non-salted, fermented, and acidic vegetable

product indigenous to the Himalayas. During theppration ofgundruk the leaves of a
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local vegetable known asiyosag(Brasicca rapal., Campestrisspp. (L), Clapamvar.
crucifolia Roxb), mustard Brasicca juncegL.) Czern.), radishKaphanus sativjisor
cauliflower @rasicca oleraced.. var. botrytig are wilted for 1-2 days and then, crushed
lightly and pressed into an earthians or containers, made air tight and then, feteten
naturally for about 15-22 days and sun dried f@r @ays (Tamang et al., 2005; Tamang
andTamang, 2009, 2010). Pit fermentation of sinki isn&ue type of biopreservation of
perishable radish in the Himalayas (Tamang, 201@ads also practiced in the South
Pacific and Ethopia (Steinkraus, 1998)esuis a non-salted fermented bamboo shoot
product of the Darjeeling hills of West Bengal a&i@kim in India (Tamang and Sarkar,
1996). During its traditional preparation, younghégl bamboo shootDendrocalamus
sikkimensis Bambusa tuldaand Dendrocalamus hamiltoniiare collected, defoliated,
chopped, and washed thoroughly with clean wateterAfraining, the chopped shoots are
pressed tightly into a cylindrical bamboo contairserd left to ferment at ambient
temperature (20-25°C) for 7-15 days (Tamang and&8ad993,1996; Tamang et al.,

2008).
Fermented Legumes

Among the legumes, soybeans are mostly fermengetitibnally and consumed
mostly by the ethnic people of Asia. The preparaamd consumption of sticky, non-
salty, flavorsome fermented soybean foods arertitktional wisdom of the people from
several South-East Asian countries, which haveefesdt a distinct food culture of the
people (Nagai and Tamang. 2010). Some of the cometbnic, non-salted sticky
fermented soybean foods akdnemais an alkaline soybean fermented product, which is
commonly consumed by indigenous people of Nepal[tarjeeling hills of West Bengal,
and Sikkim, in India. It is a product similar togpd@eseatto, Koreanchungkukjangand
Chineseschuidouchi(Sarkar et al., 1994; Moktan et al., 2008). To prefkinema

traditionally, yellow seeded soybeans are washaakesd overnight in water , cooked by
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boiling until softened, crushed lightly to gritsrapped in fresh fern leaves and sackcloth
and left to ferment for 1-3 days (Sarkar and Tamd®§5; Tamang and Nikkuri, 1998;
Dahal et al., 2005; Moktan et al., 2008). Instebfém leavesFicusor banana leaves are
also used as a wrapping material (Sarkar and Tami&®®%; Sarkar et al., 1998; Singh et
al.,, 2007a; Moktan et al., 2008Yempeh or tempe kedelgeewhich originated in
Indonesia, is made by the fermentation of soybe@esipehis used as a main dish in
Indonesia.Tempehas an overwhelming advantage in terms of odour ow#eer non-
salted fermented soybeans. The general procesk/@svasing soybeans that are soaked
in water, the seed coat is removed, and the sogbaandrained and cooked, and then
drained and cooled. They are then inoculated wibres of Rhizopus oligosporus
packed into trays, and incubated 20-24 h at 30-38&tured tempehis ready for
consumption either raw or cooked (Steinkraus et1&860; Batra and Millner, 1974).
Fermented soybean pastes are knowmiasin Japanchiangin China,jang or doenjang

in Koreg taocoin Indonesia, antho chieoin Thailand. In addition to soybeans and salt,
most of these products contain cereals such asritarley (Minamiyama and Okada,
2003). Bikalga, dawadawa, iru, mbodi, ntokend soumbalaare the ethnic nonsalted
fermented locust bearPérkia biglobosa foods of Africa (Amoa-Awua et al., 2006,

Azokpota et al., 2006, Meerak et al., 2008, Oudla.£2010).
Meat Based Fermented Products

Meat fermentation is a low energy, biological atadion, preservation method
which results in unique and distinctive meat prtipsrsuch as flavour and palatability,
colour, microbiological safety, tenderness, anast lof other desirable attributes of this
specialized meat item (Campbell-Platt and Cook, 5199 he traditional methods
employed for prevention of microbial spoilage atid 81 use, though with a different
meaning in the various products. These methods dsenpeduction of water activity

(drying, salting) angbH (fermentation, acidification), smoking, storageedrigeration or
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freezing temperatures, and use of curing aidsit@giand nitrate). Commonly, these
methods act together in different combinations/|diog up hurdles against microbial

growth (Rai et al., 2009).Today in various partshef world, a large number of different
types of fermented sausage exist. This very higiswmption of fermented meats is an
indication that such products have a long tradittbribeing safe (Lee, 1997). Examples
include sausages, where, product is chopped, nwiddsalt, sometimes nitrite and/or
nitrate, sugar, usually starter cultures, and seagopstuffed into casings. It is sometimes
smoked which aids preservation and inhibits surfacdd growth. Meat fermented

products undergoes lactic acid fermentation, howeyeast and mycelia fungi can also
be present, especially in traditionally preparedisages (Lucke, 1985; Lee, 1997;

Papavergou, 2011).
Fermentation

The World Health Organisation food safety unit lgagen high priority to the
research area of fermentation as a technique fepapation/storage of food. The term
fermentation is derived from the Latin woréervere’ meaning “to boil”, since the
bubbling and foaming of early fermenting beveragesely resembles to boiling. It is the
chemical transformation of organic substances smapler compounds by the action of
enzymes, the complex organic catalysts which apelymed by microorganisms such as
molds, yeasts, or bacteria (Petchkongkaew, 200W, due to the enzymatic activity
various by-products are formed (Bisen et 2012). Technically, Campbell-Platt (1987)
has defined fermented foods as those foods whigk baen subjected to the action of
micro-organisms or enzymes so that desirable broated changes cause significant
modification to the food. The study of fermentatisncalled Zymology’ and the first
zymologist was Louis Pasteur (1861 AD), who was fttet to educate the world that

yeast is responsible for fermentation.
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Natural fermentation precedes human history. Siageient times, however,
human have been controlling the fermentation pc®¥$ang and Hasseltine (1979)
noted that probably the first fermentation was oNgred accidentally. There is strong
evidence that fermented beverages were the oldestrk fermented product, and traces
back to at least 2000-4000 BC followed by the Egy® and Sumerians (1). Ancient
Indian alcoholic beverag8omais mentioned in th&igvedas(ca. 1500 BC) (Prajapati
and Nair, 2003). Fermented milk, meats and vegesdithve been described to date back
to 6000 BC in the civilization of the Fertile Crest in the Middle East (Caplice and
Fitzgerald, 1999). The art of fermentation in tinelidn sub-continent appears to have
predated the Indus Valley civilization (Padmaja &eabrge, 1999). Fermentation became
popular with the dawn of civilization because it oaly preserved food but also gives a

variety of tastes, forms and other sensory sensatio

Fermentation processes for thousands of years wareed out without
understanding the microbial mechanisms until 190¥emwthe famous Nobel prize-
winning Russian Bacteriologist, Elie Metchnikofirst considered the possible benefit to
good health from fermented foods (Mehta et al.,2208ince the late 1920s scientists
have continued to investigate the possible berefithe health of bacteria. In 1935,
certain strains ofactobacillus acidophilusvere found to be very active when implanted
in the human digestive tract. Further researchutinout the last forty years has found

more and more health benefits using friendly baeter

Fermented foods harbour diverse microorganisms fthen environment that
include filamentous molds, yeasts and bacteriackvimay be indigenously present on the
substrate, or added as a starter culture (Blanetirad., 2003), or may be present in or on
the ingredients and utensils, or in the environmee selected through adaptation to the
substrate and by adjusting the fermentation camst{Soni and Sandhu, 1990). In back-

slopping, a part of a precious batch of a fermempi@diuct is used to inoculate the new
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batch. This procedure produces a higher initial Ineinof beneficial microorganisms than
that found in the raw material and ensures a famtdrmore reliable fermentation than
that which occurs in spontaneous fermentation @lusen and Jespersen 2004). During
fermentation, carbohydrates are oxidised by micscaderobically or anaerobically. The
end-products produced mainly include lactic aciat, #lso carbon dioxide and alcohol
(Ross et al., 2002). These microbes may also peodther organic acids such as acetic,
propionic, fomic and butyric acids, as well as aneg, bacteriocins, aroma compounds
and exopolysaccharides (Caplice and Fitzgerald9;1B8roy and De Vuyst, 2004). This
results in the production of a safe fermented pecbduith reducedpH having unique
sensory characteristics and partially contains saragbohydrates so is therefore

nutritionally beneficial to the human diet (Caplemed Fitzgerald, 1999).

There are four main fermentation processes, naratdgholic, lactic acid, acetic
acid, and alkaline fermentation (Soni and SandB@01Joshi and Pandey, 1999; McKay

et al., 2011; Sarkar and Nout, 2014).
Alcoholic Fermentation

Alcoholic fermentation is one of the most importaarid the oldest process
(Steinkraus, 1979; Amoa-Awua, 2006) involving protion of mainly ethanol and
carbon dioxide. Products of alcoholic fermentatians beer, wine and bread. These are
generally yeast fermentations, but can also invgast-like molds, such #snylomyces
rouxii, and mold-like yeasts such &nhdomycopsisand sometimes bacteria such as
Zymomonasmobilis (Steinkraus, 2002)Sake a fermented rice wine of Japan, a
combination of a moldAspergillus oryzaeand yeast §accharomyces cerevisjaare

involved during its production (Steinkraus, 1983).
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Lactic-acid Fermentation

Lactic acid bacteria are gram-positive, catalaggtiee bacteria that produce
large amounts of lactic acid. Traditional uses angn Lactic acid bacteria (LAB) as
fermenting agents for foods are considered safé¢h®rgeneral population. Lactic acid
bacteria perform an essential role in the presemvaand production of wholesome
fermented foods by lowering thpH rapidly to a point where other competing
microorganisms are no longer able to grow (Kumaalet2013). The most ancient lactic
acid fermentation is fermented milk product, asl#utic acid bacteria present in the milk
ferment milk sugar, lactose to lactic acid (Stesnlg, 2002). The production of cheese is
also a typical lactic fermentation of milk, carriedt by using a suitable starter culture of
lactic acid bacteria (Cogan and Hill, 1993; Cogad &ccolas, 1996). Fermentation of
vegetables/fish/shrimp is preserved around the dvdoy lactic acid fermentation
(Steinkraus, 1983; 1996). Mostly specied_attobacillusand Pediococcusfollowed by
Leuconostoc, Weisella, Tetragenocogcasd Lactococcus(Watanabe et al., 2009,
Savadogo et al., 2011) have been isolated fronowsiiermented vegetable foods of the

world.
Acetic Fermentation

Fermentation involving the production of acetic dasvhich yields foods or
condiments that are generally considered as safacetic acid is either bacteriostatic or
bactericidal, depending upon the concentration eygal. After alcohol production, when
products are not maintained at an anaerobic camdithacteria belonging to the genus
Acetobacterpresent in the environment oxidize portions of thianol to acetic
acid/vinegar (Steinkraus, 2002). Vinegar is a hightceptable condiment used in

pickling and preserving cucumbers and other vedetglconnor and Allgier, 1976).
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Alkaline Fermentation

Fermented foods involving highly alkaline fermeitas are generally considered
as safe. The essential microorganisms Bateillus subtilisand related bacilli. Due to
enzymatic hydrolysis of the proteins into peptidesl amino acids, ammonia is released
which increases theH to as high as 8.0 or higher. The combinationighlpH and free
ammonia along with incubation at high temperatimava 46C make it difficult for other
spoilage microorganisms to grow. Thus, the produats quite safe even though
manufactured in an unhealthy environment (Steirdrdd02; Sarkar and Tamang, 1995).
Most of the fermented soybean products undergdiaékéermentation and have reported
the presence dacillus species (Tamang et al., 2002; Jeyaram et al.,;2008n et al.,
2009). Bacillus species have also been isolaten &thnic non-salted fermented locust
bean foods of Africa such a@awadawairu andsoumbala/Azokpota et al., 2006; Ouoba

et al., 2010).
Benefits of Fermented Foods

Ethnic fermented food products have been associaiid good health and
longevity. Fermented foods may also contributeeihucing hunger by adding nutritional
value to food and increase the bioavailability ofrrents (Tamang, 2011; Nah and Chau,
2010). Fermentation ensures not only increased Bteeand microbiological safety of a
food but also makes food more digestible. Changeka fermented product depends on
various factors, such as the availability of nuttgeand nutrients precursors in the starting
materials, the metabolic capabilities of the stgrtinaterials and the metabolic abilities of
the fermentative microorganisms (Adams and Nouf)120Indigenous fermentation
technologies were based on experiences accumulgitednsecutive generations of food
producers, through trial and error. Only recentis lscience and technology started to
contribute to a better understanding of the undwgglyprinciples of fermentation

processes and of the requirements for quality afetys(Tamng et al., 2016a).
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Biopreservation and Improvement in Food quality

Fermentation is one of the oldest processing teckas to extend the shelf life of
perishable food and was particularly important befoefrigeration (Hesseltine and
Wang, 1980). The preservative action of microorgasi is attributed to the production of
many organic acids such as lactic, acetic and pripiacids, which provides an acidic
environment unfavourable for the growth of manyhpgenic and spoilage microbes.
Due to lowpH (3.3-3.8) and high acid content (1.0-1.3%), femted products like
gundrukandsinki after sun drying, can be preserved without refagen for more than
two years without addition of any synthetic pres¢ie (Tamang, 2010d). In addition to
acids, microorganisms produce a range of otherahialt metabolites such as carbon
dioxide and ethanol from the hetrofermentative watyy hydrogen peroxide produced
during anaerobic growth by oxidising flavoprotemsd diacetyl antifungal compounds
such as fatty acids or phenyllactic acid, bactémmcand antibiotics such as reutericyclin
produced by bacterial species and strains (SettmhiCorsetti, 2008 Kimchi has high
antimicrobial activity againdtisteria monocytogenes, Staphylococcus aureus/iEand
Salmonellatyphimurium (Kim and Park, 1995; Khan and Kang, 2016). Ferem
helps in the development of diversity of flavouaspmas and textures in food substrates
and, therefore, adds variety to the diet and meke$ood more palatable and, ultimately,
more popular than the unfermented food (Caplice Ritekrald, 1999; Blandino et al.,
2003; Chelule et al., 2010). The biological transfation of a bland vegetable protein
into meat-flavoured amino acid sauce and paste &gl flermentation is common in the
Japaneseamiso and shoyy the Chinese soy sauce (Steinkraus, 1996). Thenacf
microorganisms during the preparation of fermerftemtis has been shown to improve
the digestibility of some dietary nutrients throudgstruction of anti-nutritional factors,
such as phytic acid, trypsin inhibitors, nonstamblysaccharides, oligosaccharides,

lectins, and saponins. Moreover, microorganismstasoncertain enzymes that are
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incapable of being synthesized by humans. Thusgtkeazymes can hydrolyze complex
food components into simple units, which are theadily digested or absorbed by
humans. Milk a highly nutritious beverage, is mau&e acceptable to lactose-intolerant
individuals through milk fermentation due to corsien of lactose to simple sugars-
glucose and galactose. Microbes also produce v&agamymes capable of breaking down

cellulose in plant foods into sugars, making it endigestible (Sathe and Mandal, 2016).
Enhancement of Nutritional Quality

Nutritional quality of food can be enhanced by fentation, with essential amino
acids, vitamins, and various bioactive compoundsrk® et al., 1998). Food
fermentations that raise the protein content orrowp the balance of essential amino
acids or their availability, as well as increasevitamins such as thiamine, riboflavin,
niacin or folic acid have profound effect on thealtie of the consumers (Steinkraus,
2002). Fermentation is a cost effective way to@nfood with essential amino acids and
vitamins which can help prevent malnutrition (Hgf, 2002; Motarjemi, 2002). In
tempe the levels of niacin, nicotinamide, riboflavinnda pyridoxine are increased by
Rhizopus oligosporysvhereas cyanocobalamin or vitamin B12 is syn#sesiby non-
pathogenic strains dflebsiella pneumoniand Citrobacter freundiiduring fermentation
(Liem et al., 1977)Bacillus strains from fermenting locust beans in Africa éndeen
found to produce glutamic acid and extracellulant@nases (Ogbadu et al., 1990).
Different enzymes like amylase, glucoamylase, @s¢e lipase, etc. (Tamang and
Nikkuni, 1996; Thapa, 2001; Tamang, 2010) are pcedun traditional fermented foods
that are beneficial for health, and so the ferm&pt®ducts serve as a source of enzymes.
Proteins are partially hydrolysed into free amicals, which contribute as synergists to
the stability of fermented products against oxmat(Erbas et al., 2005). Studies on
antioxidant properties of fermented soybean havewshincrease in polyphenols

(isoflavones, phenolic acids and flavanols) arepaasible for increase in antioxidant
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property (Sanjukta and Rai, 2016). Alkaline ferneeihtoods likeKinemahave also been
associated with antioxidants property (Sarkar amaitN2014; Sanjukta et al., 2015).
Increase in total phenol content, which is onehefindicators of antioxidant activity, has
been reported i€hungkokjanga Korean fermented soybean food (Shon et al.7)2&dd

in douche a Chinese fermented soybean food (Wang et @7)20
Elimination of Toxins

Agricultural products, food and animal feeds cancbetaminated by toxins and
lead to various diseases in humans and livestoekdHl et al., 2014). Food and feeds are
often contaminated with a number of toxins, eithaturally or through contamination
with microorganisms (Chelule et al., 2010). Mycotsxare toxic secondary metabolites
that are produced, for the most part, by fungi bgiog to theAspergillus Penicillium,
and Fusarium spp. (Sweeney and Dobson, 1998). Microorganismseptein the
fermented food products such &accaharomyces cerevisi@as the ability to degrade
mycotoxins to less non-toxic products, by inhilgtie absorption of mycotoxins in the
gastrointestinal tract (Hasan et al., 2014). Aflatpfound in peanut and cereal grains are
reduced during the production ohtjom by the combination of moltleurosporaand
Rhizopus oligosporugSteinkraus, 2002). Lactic acid bacteria in fertagon also
detoxify toxins and preserve the nutritive value #avour of foods (Chelule et al., 2010;
Ari et al., 2012). LAB fermentation has successfullletoxifed cassava toxins

(cyanogens) by fermentation (Caplice and FitzgerB#®9; Chelule et al., 2010).
Health Benefits

Ethnic fermented foods are considered to be a goodce of food to meet up
hunger and also as curative (Shin and Jeong, 26&8nented foods often include Lactic
acid bacteria strains with probiotic propertiese TRAO/WHO defined probiotic as ‘live
microorganisms’ which, when administered in adeguahounts, confer health benefits

on the host (Giraffa et al., 2010). The health lfienhef probiotics for humans include
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control of inflammatory bowel diseases, balancedmime system, lowering of
cholesterol level; improve lactose tolerance, réduacn risk of colon cancer and so on.
The probiotic bacteris used in commercial produotfay are mainly members of the
genera Lactobacillus and Bifidobacterium (Hasaal¢t2014). Fermented food products
from lactic acid bacteria provide the human bodthva variety of important nutritional
and therapeutic benefits, including antimutagenit anticarcinogenic activities (Lee and
Lucey, 2004). Consumption of fermented milks orbpotic bacteria lowers the risk of
heart diseases (Huth and Park, 2012). Indiami, has anti-carcinogenic property
(Mohania et al., 2014). Administration of some istsaof Lactobacillusimproves the
inflammatory bowel disease, paucities and ulcegatulitis (Orel and Trop, 2014). In
fermented soybean products suchnafto andtempe antihypertensive properties were
observed (Wu and Ding, 2001; Sanjukta et al., 203#)dies revealed that the bacterial
strains ofBacillus subtilisCSY191 isolated frondoenjang produced a surfactin like
compound which posses anticancer property (Lee l.et2812). Consumption of
chungkokjangon a daily basis may increase the insulin resigtithus controlling
diabetics (Tolhurst et al., 2012; Thapa and Tam&@d5). Several health benefits of
kimchi have been reported such as prevention of colonecaneduction in cholesterol
level; improve cardiovascular diseases and alsardisstress property (Lee and Lee,

2009; Park et al., 2014).
Risk of Fermented Foods

Most of the indigenous fermented foods are stidpared at the household level,
by the womenfolk (Singh et al., 2007). Therefotegre is high risk of contamination
from unhygienic handling of the substrates, utensihd unclean hands during the
processing method. Storage of these fermented pi®ds also one of the causes of
contamination. The risk is increased when plastictainer is used instead of the old-

fashioned and traditional method. Spoilage of fert®é products by many prevalent
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food-borne bacterial pathogens during the prodaocitd such foods has also been
described (Farnworth, 2003). The productions ofjeioc amines during the fermentation
process, which are organic compounds produced éyntierobial decarboxylation of

their precursor amines, are considered as unhealtdyhas adverse effect on human
health (Tamang et al., 2016). The fermented pradoeed to be prepared under good
sanitary and hygienic conditions. (Motarjemi et 4093) and efforts be must made to

avoid these foods being a source of contamination.
Fermented Foods and Beverages of North-East, India

North-eastern region of India is characterized kiveerse population of people
with different ethnic background. The knowledge anidization of local plant depends
on the ethnic group they belong to (Singh et &Q07). This region comprises the states
of Arunachal Pradesh, Assam, Manipur, Meghalayaokéim, Nagaland, Sikkim and
Tripura. It lies between 234" N to 2950° N Latitude and 832" E to 9752" E
Longitude and covers an area of ca 262060 sq kno (daal., 2008). It has the richest
reservoir of plant diversity in India and is onetloé ‘biodiversity hotspots’ of the world.
Agriculture is the main occupation of the peopld #mey depend on ‘Shifting’ odhum
cultivation systems and forest based foods, whitduee a range of ethnic foods rich in
nutrition compatible to culture and ethnicity offdrent tribes (Dutta abd Dutta, 2004).
Individual ethnic tribes have developed their ownig-cultural patterns and unique food
habits. Every community has developed its own fetateon techniques for
transformation of different raw materials of plaahd animal origin (Sekar and

Mariappan, 2007).

Most commonly used raw materials by the local pedpt the production of the
various traditional fermented foods and beveragesareals, leafy vegetables, bamboo
shoots, fishes and meat. Tamang and Sarkar (188&Ed on the indigenous fermented

food and beverages of Darjeeling hills and SikkBome major documented fermented
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products wereKinema (soybean);Mesu (bamboo shoot)Gundruk, Sinkiand Khalpi
(vegetables)Chhurpi (fermented cow or yak milk)Selroti (rice based)Bhaati jaanr
(alcoholic beveragepBukako maachdfish based). Agrahar-Murugkar and Subbulakshmi
(2006) studied the preparative techniques as veetha nutritional value of fermented
foods of the Khasi tribes of Meghalaya. Fermented soybean produagrymbai
contained high amounts of protein, fat, fiber, ¢ane and folic acid; fermented bamboo
shootlungsiejwas reported to be more nutritious than its cayate in terms of protein
and iron; fermented fish produtiingtap was reported to be good source of protein,
calcium, phosphorus, sodium and potassium. Tiaad Mahanta (2007) studied the
ethnological significance of traditional fermentprbducts prepared by some tribes of
Arunachal Pradesh. The fermented products studiete;wChurapi and Churkham
(fermented yak milk);Pikey Pila and Tapyo (vegetable based)Apong and Emong
(beverages)Bamboo tengdbamboo shoot based). Mao and Odyuo (2007) docietien
some of the fermented foods of thNaga tribes of North-East India namel§nishi
(vegetable based)Axone (soybean based); fermented bamboo shoot, fisth aral
animal fats. Jeyaram et al., (2009) documentedrtuitional preparation processes of
fermented foods of Manipur, such &Rwaijar (soybean basedfSoibum/Soijimand
Soidon (bamboo shoot basedNgari and Hentak (fish based);Ziang sangand Dui
(mustard leaf based) amtingbaand fruit wines (fermented beverages). Chakrabetrty
al. (2009) did studies on the utilization of sulstrby the tribes of North Cachar Hills
District of Assam, for the preparation of varioumditional fermented foods and
beverages. Some of the documented fermented psodiecebekanthu(soybean based);
miya (bamboo shoot based¥aphak and satu (fermented pork fat)judima, zunak,
dekuijaoandjuharo (fermented beverages). Das et al. (2012) docurdéh&epreparation
methods of some of the fermented foods and bevemigsorth-East India. Chakrabarty
et al. (2014) studied the preparative process,ahiofogy and the nutritional value of

some ethnic fermented foods and beverages of Noathar Hills district of Assam.
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Documented fermented products wérgithur (wet) andTuairoi (dry) (bamboo shoot);
Honoheingrain(fermented pork/boar meatifumao (amylolytic dough starter)judima
(fermented beverage). Microorganisms isolated waxic acid bacteria represented by
5 genera-Lactobacillus, Leuconostoc, Pediococcus, Enterogecand Lactococcus;
bacteria belonging t@acillus sp.; Staphylococcus aurewsdMicrococcussp.; yeasts-
Debaryomyces hansenéind Saccharomyces cerevisamoulds- Mucor and Rhizopus.
Jamir and Deb (2014) documented some of the feedefdods and beverages of
Nagaland, India. They were classified based orralaematerial used for its production
i.e, Zutho (cereal based alcoholic beverag@)one/Akhuni(soybean based)nishi
Hungrii and Tsutuocie (vegetable based);Bastanga (bamboo shoot based);
Jangpangngatsu, Jang kamd fermented pork fat (meat based); fruit bassacetages.
Uchoi et al. (2015) studied the various traditiooialed foods of certain tribes of Tripura,
their methods of preparation, uses, nutritional ardlicinal values. Reported fermented
products wereMoiya Koshak, Melye Amilegnd Moiya Pangsung(bamboo shoot);
Batema(fermented elephant yamAmlai Ntoi, Kosoiand Bikang (fruit and vegetable);
Bochu-mba(Bombax ceiba flower)L.ungi or Gora (fermented beverageghidal and
Lona ilish (fermented fish). Tamang (2015) documented thewarfermented soybean
products of the tribes of Northeast India viz. Sk Manipur, Meghalaya, Nagaland,
Mizoram and Arunachal Pradesh. He reported tatillus subtilis was the most
dominant functional bacterium in all the naturalgrmented soybean foods of these

regions.

Researches on some of the fermented foods anddgm#eof North-eastern region
have been extensively done, whereas some ardoshi explored and studiedinema
and Hawaijar are the most studied fermented soybean produeyar@m et al., 2009).
The microbial diversity and the proximate compaositiof Kinemawas studied and

recovered the heat resistant spore-forming bacteBacillus subtilis lactic acid bacteria
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such asEnterococcus faeciunand a few types of yeasGandida parapsilososand
Geotrichum candidunkKinemawas reported to be more nutritious than the raybbsans
(Sarkar et al., 1994; Tamang, 2003). Moktan ef24l08) studied the antioxidant activity
of Kinemaand reported high level of antioxidant activity quaned to cooked non-
fermented soybean, rendering it to be a functidoadl capable of alleviating oxidative
stress. Jeyaram et al. (2008) studied the domin@intoorganisms associated with
Hawaijar and reported three major phylogenic growgesillus subtilisgroup comprising

B. subtilis and B. licheniformis B. cereusgroup and Staphylococcusspp. group
comprisingS. aureusandS. sciuri Premarani and Chhetry (2011) studied the nutratio
value associated withlawaijar, the fermented soybean food product of the people
Manipur, India. Sohliya et al. (2009) did studa@s Tungrymbaia traditional fermented
soybean of the ethnic tribes of Meghalaya and teddhe presence of various species of
lactic acid bacteria, yeasts and spore formingdsectChettri and Tamang (2015) also
did studies onmmungrymbaiand bekangwhich are naturally fermented soybean foods of
Meghalaya and Mizoram. They reported that the nushinant bacterium in both
products wadBacillus subtilisin addition to the presence of various otBacillus sp.

groups.

Teramoto et al. (2002) studied the fermented albobeverage of the Naga tribe,
called Zutho and identified a fermentation yeast strain SHccharomyces cerevisiae
which was found to be suitable brewing yeast fdraebl fermentation. Tamang and
Thapa (2006) studied the traditional fermented tmyeBhaati Jaanr prepared from
steamed glutinous rice in the East Himalayan regmfrNepal, India and Bhutan. It was
revealed thaSaccharomycopsis fibuligerand Rhizopussp. play important role in the
fermentation process. Tanti et al. (2010) studrexlgroduction of household liquors by
the North-Eastern people of India. His study higihied the potentials of the

ethnobotanical research and the need for docunmemtaif traditional knowledge
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pertaining to the production of alcohol. Shrivastat al. (2012) studied the preparation
of alcoholic beverage followed by the differento&s of Arunachal Pradesh and their
relation to the tribal lifestyle of the state. Amjwet al. (2014) studied on the method of
preparation and biochemical analysis of local tribime Judima:an indegenous alcohol
used by Dimasa tribe of North Cachhar Hills Digtaé Assam, India. They reported
Judimacontains good amounts of protein, carbohydratefee® amino acids with high

antioxidant activity.

Tamang and Sarkar (1996) studied on the microbjoloigmesy a traditional
fermented bamboo shoot product of Sikkim. They regbthe presenckactobacillus
plantarum, L. brevisand Pediococcus pentosaceuSarangthem and Singh (2003)
reported the presence of bacterial grouBatillus sp. in the fermented bamboo shoot
product of Manipur. Tamang and Tamang (2009a) tsdlaand identified the
predominant LAB namely.actobacillus plantarum, L. brevis, L. casei, Lrnientum,
Lactococcus lactisand Tetragenococcus halophileBom the indigenous fermented
bamboo shoots of Arunachal Pradesh. Choudhury. €2@12) studied the biochemistry
and microbiology associated with the traditionahrfented bamboo shoots. Satya et al.
(2012) studied the nutritional value of fermentedducts made of different species of
bamboo shoots and the effect of processing metbondts nutritive quality. Sonar et al.
(2015) studied the nutritional and functional pefof traditional fermented bamboo
shoot products of Arunachal Pradesh and ManipueyTieported the products to be
highly acidic with high crude fiber content and Idat content. All products exhibited

significant radical scavenging activity aadylucosidas inhibitory activity.

Tamang et al. (2005) studied on the microbiologywhdruk, sinki, khalpand
inziangsang which are traditionally fermented vegetable pidu The phenotypic
characterization followed by genotyping resultedthe identification of LAB namely

Lactobacillus brevis, Lactobacillus plantarum, Pachccus pentosaceus, Pediococcus
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acidilactici and Leuconoctoc fallax Tamang and Tamang (2009) did studies on the
traditional fermented vegetables and bamboo shafotise Northeast India and reported

them to be good source of food supplement.

Majumdar et al. (2010) did studies on the traddidermented fish produdtona
ilish of the Northeast India. Its chemical compositiord anicrobial composition were
studied. Thapa et al. (2004) studied the microthizarsity inngari, hentakandtungtap
which are traditional fermented fish productdNeith-East India. Lactic acid bacteria of
the group Lactobacillus were identified; endospore-forming rods were idesdi as
Bacillus subtilis and Bacillus pumilus aerobic coccal strains were identified as

Micrococcus yeasts were identified &andidaandSaccharomycopsis

Tamang et al. (2012) studied the diverse microasgas associated with
fermentation and production of ethnic foods andladdic drinks. It was demonstrated
that the functional microorganisms present in ttieie foods of Northeast have many
biological functions enhancing the health promotegefits, bio-preservation, protective
properties and therapeutic values. However, muctk was still not been done on the
fermented food products of Nagaland and thereilisvstst scope for studying on the
traditional fermented foods and beverages of tfferént Nagatribes (Mao and Odyuo,
2007). Such study has been taken up to preservetrdtbtional knowledge by
documenting the various fermented foods used byifferent tribes of Nagaland and the
processes involved during its preparation. Trad#@ldermented products in Nagaland are
still prepared at the household level and at a twrhere food security is one of the major
challenges faced today, the need for better fo@ditgyuwvhich is nutritionally beneficial to
the population has become the need of the hours,Tthere is a need for better quality

control of the product for it to be recognised aogularized.

Based on the above background fermented food ptedaa be consumed not only

as a food source but also as curative. Theretlis $icientific report on the nutritional and
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antioxidant activity of fermented foods of Nagalaadd the various microorganisms
associated with them. Therefore, this present iigegson was undertaken with the

following objectives:

1. Survey and documentation of important fermentedl fomducts consumed by the
different ethnic tribes of Nagaland.

2. To replicate the same scientifically in the laborgt

3. To isolate the microorganisms associated with ttoegssed fermented foods and
make pure culture from them.

4.  Nutritional analysis of the selected fermented fgodducts and comparison with

the raw materials.
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Chapter - 2

Documentation of Fermented Foods of

Nagaland

Nagaland, one of the North-Eastern states of Itiég® between 13°37°09” N
Longitude- 123°10°53” E Latitude and is surrountgdlifferent states of India; the hills
of Manipur, North Cachar and Mikir hills, Lakhimpuabsagar and Nowgong of Assam,
two districts of Arunachal Pradesh (Changlan andpli and across the border of
Myanmar. Nagas are of the Mongolian race and forms one of theydsr tribal
community comprising of 16 different tribes of whid4 are recognised, viAngami,
Ao, Chakhesang, Chang, Kongyak, Khiamungan, Seamgra, Lotha, Sangtam, Phom,
Zeliang, PochunandYimchunger The state is a part of one of the biodiversityspots
of India, having rich forest resources. Agricultuseconsidered as the main source of
livelihood of the people of Nagaland, with over 70%its population dependent on it for
food and economic stability. The diverse agro-ctimaonditions, varied soil types and

abundant rainfall prevailing in the state enable tultivation of several agricultural
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crops. The people of Nagaland practice thleum’ and terrace cultivation leading to
preservation of range of local crops, ethnic vedgetand fruits for food and nutritional

security. Rice is the dominant crop and also thplstdiet of the people. Principal crops
are yam, millet, maize, pulses, potato and sugatrcAfegetable crops are melon,
cucumber, spinach leaf, mustard, onion, chilli@srats, tomato; brinjal etc. Naga people
have rich reserve of traditional knowledge. Théaditional knowledge includes practices
which play a fundamental role in people’s livelildpdealth, food and food habits.
Traditional knowledge has great potential value dastainable development, so it is
necessary to preserve indigenous knowledge fobémefit of future generations (Dixit

and Goyal, 2011).

Indigenous fermented foods have been prepared @mslimed for thousands of
years, and strongly linked to culture; traditionsl aeveal the intellectual richness of
indigenous people of the country in terms of ttadility to prepare microbial products
for varied purposes in addition to food and bevesa@Sekar and Mariappan, 2007).
Traditional fermented foods in Nagaland are popylesnsumed at a large scale. It forms
a part of the daily diet and adds flavour to othseabland curries. The women folks of
Naga villages, process various raw materials sgclo@al vegetables, fruits, animal fats
and beverages (Mao and Odyuo, 2007; Singh et@7)2 These fermented foods are still
prepared at the household level and usually naturabontaneous fermentation occurs
during its production. Fermentation results as @sequence of the competitive activities
of different microorganisms and strains best adhpted with higher growth rates usually
dominate (Aka et al 2014). Due to the diversity of ethnic groups iadgdland, there are
also various fermented food products produced loh ethnic group. Each ethnic group
has its own method of fermenting food materialstfer purpose of preservation, taste,

and nutritional enhancement and has been carrpisgradition from time immemorial
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(Jamir and Deb, 2014). However, due to influencglolbal commercialization and socio-
economic transformation, the preparation of sosedeknown fermented foods are fast
declining (Narzary et al., 2016) and the detailsthed preparation steps of the various
fermented food products have not been systematicslidied and recorded. It is
important to document the process, quantify theredignts and identify the key
conditions for a successful fermentation in order replicate the process under
standardised conditions and ultimately at indulstagel. Thus, this chapter deals with
documentation of traditional processing method ome of the major traditional

fermented food products used by some of the nidg@atribes of Nagaland.
Methodology

Field survey was conducted in different parts ofgéland and documentation
study was carried out from different villages andrkets in and around Nagaland. Since
documentation of the traditional knowledge assediatith preparation of the indigenous
fermented foods was done on region and tribe spiygifthe following regions were
surveyed for collection of information; Kohima, Ts@yu, Wokha, Mokokchung and
Zunheboto. Information on the step by step method groduction of the various
traditional fermented products was collected thlougersonal discussion and
participation with the local people. Fermented f®ade categorized as follows:

(1) Cereal and legume based fermented product.
(2) Vegetable based fermented product.

(3) Bamboo shoot based fermented product.

(4) Meat based fermented product.

(5) Fruit based fermented beverages.



38

Documentation/Results

1. Cereal and legume Based Fermented Product

(i) Zutho

‘Zutho' (rice beer) is a traditional alcoholic beveragepared from rice@ryza

satival.), named according to tingami Nagalialect. It is prepared in two parts.

A. Preparation of malt: Malt is prepared by soaking the unhulled rice ggamwater for
about 2-3 h and allowed to germinate. The germthgtains are then spread on bamboo
mats and left to dry in the sun. Using traditionartar and pestle, the malt is pounded

into powder.

B. Preparation of Zutho: Polished rice grains are first washed and soakedater for
30 min, after which the excess water is drained lbfs then spread over bamboo mats
and allowed to air dry. It is pounded into powdad dot boiling water is added to the
rice powder bit by bit and kept aside for some timallow it to cool down. The powder
of malt and polished rice grain powder are mixegetber in the ratio of 3:7. After proper
mixing, it is kept at room temperature and allowederment for about 4-5 daykiQure
2.1, 2.2. The first stock in its pure form is calle@ihutshé and after it is diluted with

some amount of water it is call&tuthd.

Socio-economicimportance: Zutho is consumed as a popular alcoholic beverage in
Nagaland. These are generally made during culfestivals and marriages. The flow

chart of preparation is shown below:



Folished rice grains

g

Soaked in water for 30 mins Unhulled rice grains
and air dried ﬂ
Hot water added bit by bit Soaked in water for 2-3 days till
and allowed to cool it germinates

AED Pounded into powder qj

l

Mixed together in the ration of 3:7

|

Fermentation for about 4-5 days.

l

Pure form Thutshe

g

Added with water

g

Zutho.

Figure - 2.1

Figure - 2.1: Flow chart of steps in preparation ofZutho

39



40

Hot water added and made to cool down

Mixed together in the ratio Of 3:7

Figure - 2.2

Figure - 2.2: Pictorial steps in preparation ofZutho
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(i) Axone/Akhone

‘Axone’ is a fermented soybea6lfcine max_.) product, named according to the
Sema Nagalialect. Soybean seeds are first washed and theked till it becomes soft.
Cooked beans are allowed to cool, and packed irbbarhasket with the base lined with
leaves ofFicusspecies which is then covered with the same onTtbe.bamboo basket is
then kept above the fire place to ferment naturldlyabout 3-4 days. Usually at this
point of the step the final product of most of tiber fermented soybean product are
produced but duringkhuni/axonepreparation it is further made into a paste arahth
wrapped in banana leavesRirynium pubinervéeaves and kept above the fire place for
about 3-4 days to undergo further fermentatibrgre 2.3, 2.4. Most people go for
longer fermentation to reduce the strong smellhef fermented product and to increase
the shelf life.
Socio-economidmportance: Axone/akhunis prepared mostly by the womenfolk in the
household level and consumed as a popular condifmgnalmost all the tribes in
Nagaland. It is sold in the local market for ~20RINper packet and serves as a major

source of income for some people. The flow chapreparation is shown below:

Sovbean seeds (boiled for 3-4 hr or 1 hr in pressure cooker)

g

Excess water drained off

i

Packed in bamboo basket lined with leaves on

bottom as well as covered at top { Ficus sp.)

i

Kept near the fire place for 3-4 days

U

Made into paste

I

Kept near the fire place again for about 3-4 days

a

AxonesAlhuri
Figure - 2.3

Figure - 2.3: Flow chart of steps of preparation oAxone



P )

r‘ & e R
Cooked soybean seeds

Fermented soybean after 3-4 days

AxonelAkhani

Figure - 2.4

Figure - 2.4: Pictorial steps in preparation ofAxone
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2. Vegetable Based Fermented Food
(i) Anishi

‘Anishi is a fermented cake made froBolocasialeaves Colocasia esculenta
L.). It is exclusively prepared by th0 Nagatribe. Its preparation involves the packing
of theColocasialeaves in gunny bags or wrapped in banana leavesbfut 3-4 days till
the leaves becomes yellow. It is then, pounded jratstes which are made into cakes.
These cakes are then wrapped in banana leaveseghdifkder the hot ash near the fire
place or exposed to the sunlight till it is comelgtdried and becomes harfigure 2.5,
2.6).
Socio-economicimportance: Anishiis consumed as a popular condiment and can be
kept for long period of time. It is produced atraadl scale household unit fBungratsu

and sold for ~300 INR per kg. The flow chart of gaeation is shown below:

Fresh leaves (Colocasia sp.)

l

Packed in gunny bags or banana leaves for 3-4 days

I

Yellow leaves made into paste

4

Cakes made out of the paste

l

Sun dried or kept over fire place till completely dry

l

Anishi

Figure - 2.5

Figure - 2.5: Flow chart of steps in preparation ofAnishi



Packed in gunny bags for 34 days

Figure - 2.6

Figure - 2.6: Pictorial steps in preparation ofAnishi
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(i) Hungrii

‘Hungrii’ is a fermented product prepared fr&rassicaleaves Brassica juncea
L.) commonly prepared by tHiRengmaNaga tribe. Pit-fermentation method is followed
during its preparation; where a pit of about 2-8tfis dug on the ground and lined with
banana leaves. The leaves are sun dried and alltoweither. It is then pressed tightly
into the pit and covered or plastered with mud @m tt is allowed to ferment naturally
for about 15-18 days, after which they are agamdied to get the final produdigure
2.7, 2.8.
Socio-economidmportance: Hungrii can be kept for 2-3 years and are consumed as a
condiment. They are prepared in bulk during thekpgsason when brassica leaves are

plenty. They are sold for ~400 INR per kg. The flolart of preparation is given below:

Brassica leaves sun dried

I

Pit made in the ground where leaves are buried

I

Ferment naturally for 15-18 days

I

Again sun dried

J

Hungrii

Figure - 2.7

Figure - 2.7: Flow chart of steps in preparation oHungrii
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%

Pit dug about 2-3ft and lined with banana leaves

| Hungrii |

Figure - 2.8

Figure - 2.8: Pictorial steps in preparation ofHungrii
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iii) Tsutuocie

‘Tsutuocie’is a cucumber based fermented product populagypged by the
AngamiNaga tribe. For the preparation, matured and rigeneumber is first peeled and
the seeds are removed. They are then cut into pi@ad put into jars or earthen pots
along with water and allowed to ferment for about Bionths Figure 2.9, 2.10. It is

used as a condiment during cookifigutuociecan be kept for over 5-6 years.

Matured cucumber fruits

I

Seeds removed and cut into pieces

l

Put into container along with water

J

Fermentation for 3-4 months

J

Tsutnocie

Figure - 2.9

Figure - 2.9: Flow chart for preparation of Tsutuocie



Matured cucumber fruits

Seeds of fruit removed

Tsutuocie

Figure - 2.10

Figure - 2.10: Pictorial steps in preparation ofT sutuocie
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3. Bamboo Shoot Based Fermented Food
() Rhujuk/Bastanga

Bastangais made from succulent bamboo shooBarnfibusa tuldaRoxb.,
Dendrocalamus hamiltoniNees et Arn. ex Munro). It is prepared mostly bg ltotha
Nagatribe, namedRhujukin Lotha dialect .Young shoots are taken and thlegraths are
removed till only the soft white part of the shaetmains. The shoot is then pounded
slightly and pressed tightly into bamboo basketediwith banana leaves. A hole is made
in the middle so as to let the juice drain out. Pheparation is kept in that manner for
about 2-3 weeks till the bamboo shoot is completgined out of its juice. The
fermented bamboo shoot is then dried. Differentdgsaof dried bamboo shoots are
obtained depending on the way they are Eigyre 2.11, 2.12
Socio-economiagmportance: Rhujuk/bastang#s consumed as a popular condiment. The
fermented bamboo shoot juice can also be storegédars. The thick paste of bamboo
shoots is sold for 100-200 INR per container areldhied bamboo shoots are sold for

300-400 INR per kg.

Succulent bamboo shoot

|

Sheaths removed and pounded

{

Tightly pressed into bamboo basket

i

Ferment naturally for 2-3 weeks

|

Rhbujul-Bastartga.

Figure - 2.11

Figure - 2.11: Flow chart of preparation ofRhujuk/Bastanga



Young succulent bamboo shoots | | Sheaths removed

Rhyjal/bastanga Dried bamboo shoots of different grades

Figure - 2.12

Figure 2.12: Pictorial steps in preparation ofRhujuk/Bastanga
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4. Meat Based Fermented Food
(i) Jangpangngatsu

‘Japangangngatsuis a fermented food product made from cr8by{laspecies),
named according to th&o Nagadialect. Crabs are first washed thoroughly aneddthed
into pieces leaving the hard coverings. The shrédaabs are then made into paste.
Black ‘til’ (Sesamum orientale.) are slightly simmered and grounded into powdére
mixture of the two are then wrapped in banana lear&hrynium pubinervédeaf or put
into a pot and kept near the fire place for abodt @ays for the fermentation to be
complete Figure 2.13, 2.14.
Socio-economidmportance: Jangpangngatsus used for preparation of chutneys. It is

sold for 150-200 INR per box. The flow chart of paeation is given below:

Crabs washed thoroughly

l

Shred into pieces leaving hard coverings and

made into paste

l

Mixed with ground hlack til

{ Sesantum orientale L.

J

Ferment naturally for 3-4 days

|

Jangpangrngalsu

Figure - 2.13

Figure 2.13: Flow chart of preparation of Jangpangngatsu



Black til (Sesamam orientale L.)

Jangpangagatsu

Figure - 2.14

Figure 2.14: Pictorial steps in preparation ofJangpangngatsu
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(i) Jang Kap

‘Jang kap’is made from buffalo skin, named according to AmeNagadialect.
The skin is separated from the flesh completely stagked in a tin or pot with tight
covering. It is kept for about 1 wk to allow therfeentation process. After the hairs are
completely scrapped off it is either dried in thenr kept above the fire place. The
product is usually pressure cooked and consumebasomes hard after it is dried. It is a
lesser known fermented product consumed by onBwadopulations. The flow chart of

preparation is shown iRigure 2.15

Buffalo skin

I

Stacked in a tin or pot

I

Ferment naturally for 1 week

I

Hairs removed and dried near the fire place or sun

I

Jang kap

Figure - 2.15

Figure 2.15: Flow chart of preparation ofJang kap
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iii) Fermented Pork Fat

Pork fat is fermented and taken as a condimenndysreparation of vegetables
and curries by almost all tidagatribes. Pork fat is cut into small pieces and lbilé is
then put into bamboo containers and the mouth a€hlwis sealed with banana leaves.
The fermentation process gets completed in abowk 1ime. It is also a lesser known
fermented food product in Nagaland. The preparasimps are shown belowigure

2.16.

Pork fat

l

Cut into pieces and sealed in bamboo containers

I

Ferment naturally for 1 week

11

Fermented pork fat

Figure - 2.16

Figure 2.16: Flow chart for the preparation of fermented pork fat
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5. Fruit Based Fermented Beverage

The different Naga tribes usually prepare variouslsk of fruit beverages from
fruits like Naga appledocyna indicd, passion fruit Passiflora eduliy plum Prunus
sps.) and gooseberrPliyllanthus emblica During the preparation of fruit beverages
using Naga apple and gooseberry, fruits are celb&kin and seeds are removed, boiled
in water and allowed to cool slightly. Sugar isrtheded and it is kept for 1-2 wk for
fermentation. The pulp of passion fruit and plune airectly soaked in sugar syrup
(Figure 2.17).
Socio-economiamportance: The fermented products are taken as a beveragesald
for 150-200 INR per litter in the local market. Tiieeparation step of different beverages

is shown below (Figure 2.17):

Docyna indica Passiflora edulis Prunus sp.  Phyllanthus emblica
Fruits are boiled Yellow pulp scooped out Fruits are boiled
and cover peeled off and collected in a pot and seeds are removed
L ﬂ AN

_D Soaked in sugar syrup for about 1-2 weeks q—

Fermented fruit beverages

Figure - 2.17

Figure 2.17: Flow chart of preparation of differentfruit beverages
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Results from the documentation study revealed thatre are varieties of
fermented food and beverages that are producec@mlmed on a daily basis by the
people in Nagaland. Preparation of these fermefuteds, in a way helps the people to
be self sufficient and gives food security to tbeal people. These fermented foods and
beverages are produced using low cost and localbdyced raw materials. The
preparation techniques carried out during its mapan are still adaptation from
generations on and needs improvisation so as tdupeo quality products free from

contaminations and which are commercially acceptabl
Discussion

Diversity of ethnic fermented foods is related tivedsity of ethnicity with
unparallel food culture of each community. The ethiermented foods provide food
security and sustain the livelihood of the peoplanjang et al., 2012). The ethnic people
use their traditional knowledge of preserving vasidgaw materials to produce products
which are cost effective and are deeply rootedh&ar tcultural heritage. This knowledge
is being passed down from generation to generatespite rapid urbanization
traditional fermented foods in Nagaland are stégared at the household level and have
not been commercialized due to lack of standardityyaoduct. However, some of these
fermented products has found their way into thallocarkets and are produced in small
scale production centres. It has helped in thenrecgeneration of the local people. The
use of their native knowledge of preservation lgyltital people of various raw materials
without using starter culture and chemicals wasudwnted, both as low-cost ethnic
foods, and for socio-cultural reasons.

Traditional or indigenous fermented foods are ¢hpepular food products that
since early history have formed an integral pathefdiet and that can be prepared in the

household or in cottage industry using relativehlye techniques and equipment (Aidoo
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et al.,2006). Documentation of the various fermented fpoabucts were done with an
aim to preserve the traditional knowledge as wsllt@ bring these products to the
limelight so that during the course of time it daa commercialized. There is a need to
educate the people on the need to consume ferméobeld for security and safety
(Hasan et al., 2014). But, one of the major isseaming these traditional fermented
products are due to lack of proper hygiene, managétechnique and lack of awareness
of its nutritional attributes, these ethnic ferneehfoods are mostly labelled as unhealthy
(Achi, 2005). Several fermented foods and beverages produced and consumed
popularly in almost all the parts of the world. Metls for the production of these
fermented food products differ from place to placdrom tribe to tribe, as all of them
follow their own indigenous protocols employingfdient starter cultures, although most
of them use similar substrate for fermentation.

Cereals and legumes are considered to be the $taple of the Indian population
and are one of the most important sources of digiesteins, carbohydrates, vitamins,
minerals and fibre for people all over the worldaiilino et al., 2003). However, cereals
and legumes contain indigestible oligosaccharidbglwcause diarrhoea and digestion
problems and also anti-nutritional factors like pbacid and tannins (Nyanzi and Jooste,
2012). Several processes are thus employed to Vraptie nutritional properties of
cereals and legumes and one of the important fofreensumption is the fermented one
(Chavan et al., 1989). The first fermentation knowmn mankind was alcoholic
fermentation. It is believed that the discoveryadd fermentation was purely by chance
and the reports about the origin of fermented foas lacking. Anthropologists have
suggested that it was the production of alcohoktmotivated primitive people to settle
down and start agriculture for survival (BattcockdaAzam-Ali, 2001). Fermented

alcoholic beverageuthois prepared from cereal which is similar to otbereal- based
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alcoholic beverages likbhaati jaanr (Sikkim); atingba (Manipur); apong (Arunachal
Pradesh);judima (Assam); sake (Japan);bouza (Egypt); jiu (China) (Tamang and
Tamang, 2009; Tamang et al., 2012; Jeyaram e2@09; Tamang, 2010; McGovern et
al.,, 2004) . Fermented beverages are reported te hah protein content, vitamin,
calcium and are antibacterial (Enujiugha and Bad)a.7).

Soybean Glycine maxL. Merr.) belonging to théeguminosadamily is one of
the most widely grown crops in the world. The pléwats high nutritional value and
considered as a good source of protein for hum@itshé et al., 2004; Samruan et al.,
2012). Traditional fermented soy bean products Hzeen consumed for thousands of
years in Asian countries. Fermentation of soybesaanie of the techniques resulting in
novel foods with unique features (Shin and Jeory,52 Tamang, 2015). Soybean in
Nagaland is cultivated in kitchen gardens for peas@onsumption but in parts cultivated
on commercial scale and popularly known a&$add dal. In the present study,
axone/akhunis similar to other soybean based fermented predua kinema(Sikkim);
hawaijar (Manipur); tungrymbai(Meghalaya)thou nao(Thailand);jang (Korea); natto
(Japan) (Sarkar et al., 1994; Jeyaram et al., 2808har-Murungkar and Subbulakshmi,
2006; Chukeatirote, 2015; Shin and Jeong, 2015pHassd Kiuchi, 2003). Fermented
soybean products are reported to have high protaitent as well as significant amount
of anti-nutritional factors. Concentration of ph8@a@ompounds also increases, thereby,
increasing the antioxidant activity (Mukherjee ket 2015).

Fermentation of vegetable products applied as aepration method for the
production of finished and half-finished products considered as an important
technology and is further investigated becausenefgrowing amount of raw materials
processed in the food industry (Montet et al., 30(Bespite the large diversity in

fermented vegetables produced around the worldtyipe of fermented vegetable used
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often depends on the season and geographical rdeslso on the processing technology
used for its preparation (Nguyen et al., 2013)Nagaland the most commonly used raw
material for vegetable fermentation is mustard ,lg¢afo leaf and cucumber. These
vegetables are collected during the peak of itswgmgp season and preserved by
traditional fermentation methods, having longerifshfe. Mustard is the third important
oilseed crop in the world. Mustard is cultivatedmostly under temperate climates. It is
also grown in certain tropical and subtropical oegi as a cold weather crop (Shekhawat
et al., 2012)Hungrii is similar to other fermented mustard leaf produiée gundrukand
goyang (Sikkim); inziang-sang/inziang-dui(Manipur); kimchi (Korea); dua cai be
(Vietnam) (Tamang and Tamang, 2009; Wacher et®dlQP Taro is largely consumed as
one of the prominent components of food items argles as staple source of diet for
people around the world and it is the fourteentrsimtmnsumed vegetable worldwide
(Rao et al., 2010; Buragohain et al., 2013). Masb tvarieties contain an irritating or
acrid agent and cannot be eaten fresh, so thestubet leaves are either cooked or
fermented traditionally before they are consur(tédhay et al., 2007). The entire taro
plant serves as a source of foaahjshiis prepared from its leaves but fermented taro
corms such apoi, andsapal are also popular fermented product in Hawaii aagua
New Guinea (Muller et al., 2005; Gubag et al.,@9@ucumber is one of the oldest and
most popular fermented products in the world (128)1). Though cucumber technically
is a fruit, cucumbers are widely considered vedetallCucumbers are the fourth most
widely cultivated vegetable crop in the world. Conher based fermented product
tsutuociewas found to be similar with other fermented prdduike khalpi (Sikkim);
paocai(China);jiang-gua(Taiwan);Oiji (Korea) (Tamang and Tamang, 2009; Di Cagno
et al., 2013; Chen et al., 2012; Park and Park81l%ermented vegetable products are

reported to contain significant levels of micromenits, as well as high concentration of
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bioactive compounds such as carotenoids, flavongikienol etc contributing greatly to
the consumers health (Oguntoyinbo et al., 2016).

Bamboo shoots are the tender young edible shoathvaine widely distributed in
wild and in mountains from temperate zone of Japantropical zone of India
(Basumatary et al., 2017). As many as 78 bambooiep¢both indigenous and exotic)
belonging to 19 genera are being reported fronNibreh-East region of India. Fermented
bamboo shoot products and pickles fetch highermecdue to the ability of their long-
term preservation with higher market price andrtltensumption throughout the year
(Bhatt et al., 2003). Fermented bamboo shoots fmopular delicacy in the traditional
cuisines of various tribes and communities of Neait, India (Choudhury et al., 2012).
Fermented produathujuk/bastangais similar to other bamboo shoot based fermented
products likemesu(Sikkim); soibumandsoidon(Manipur); hirring (Arunachal Pradesh);
lungsiej (Meghalaya) (Tamang, 2009; Tamang and Tamang, ;280@&har-Murungkar
and Subbulakshmi, 2006). Bamboo shoot productsreperted to have high level of
phytosterols, playing a key role in lowering bladtblesterol and high levels of cellulosic
content; high levels of antioxidant activity, miakx and high protein (Waikhom et al.,
2015).

Fermented fish products are used to describe thdupts of freshwater and
marine finfish, shellfish and crustaceans thatpaoeessed with salt to cause fermentation
and thereby to prevent putrefaction (Ishige, 199Hpwever, jangpangngatsuis
fermented without added salt but with blatk paste. Spices are often used, acting their
role in providing desirable flavours in the fermesshtproducts; they facilitate the safe
fermentation by inhibiting undesirable or pathogemicroorganisms. They can also have

an important role in prolonging shelf-life of fermted meats through their antioxidant
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activity (Al-Jalay et al., 1987). Fermented cralmdarct jangpangngatsus similar to
ogiri-nsiko (Nigeria) (Achi et al., 2007).

Meat is a nutritious, protein-rich food which ighly perishable, with short shelf-
life unless preservation methods are used (Campibeti, 1995). Meat is highly
nutritious but, in its fresh state, it is peristeabhd can be an agent for the transmission of
a range of infections and intoxications (Adams,®0Eating of animal flesh both wild
and domesticated is a dietary culture of many etipeiople living in Northeast, India.
They usually prefer pork, boar, beef, deer, etar(@ag, 2009). Meat fermentation is a
low energy process which brings various changethénmeat products (Singh et al.,
2012). Fermented meat products like pork fat @mg) kapare similar to other products
like yak chilu, lang chilutandluk chilu (Bhutia, Tibetan)mogong-grain(Assam);sukula
(Nepal) (Rai et al., 2009; Tamang, 2009). Fermembtedt products contain bioactive
peptides which have antihypertensive, antioxidaamti-cancer and antimicrobial
properties (Zhang et al., 2010).

Fermented fruit beverages are non alcoholic beesragoduced from a variety of
fruits. Fermented fruits beverages produced ardtedworld are wine prepared from
grapes, banana, jackfruit (Battcock and Azam-Al§88); makumbi of Zimbabwe
prepared from fermented fruit mashes (Gadaga ,e1299); fruit beveragetepacheand
coloncheof Mexico prepared from pineapple, apple, orangé pear fruits (Romero-
Luna et al., 2017).

Many valuable bio-products around the world arerésailt of fermentation, either
occurring naturally or through addition of startettures. Presently, modern technologies
and large scale production exploit defined speaiedarter cultures to ensure consistency
and quality in the final product (Mishra et al. 120). A starter culture may be defined as a

preparation containing large numbers of desiredraniganisms, used for accelerating
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the fermentation process (Holzapfel, 1997). ThedFand Agriculture Organisation of
the United Nations has stated that value addedugiwanarketing and processing raw
products can be much greater than the value ofgpyiproduction (Battcock and Azam-
Ali, 1998). Examples are soy sauce, which is aitiathl soybean based fermented
product that have been innovated by adding enzyndsacids and have become a more
safe and consistent product. It is now internaligrimown and consumed (Luh, 1995;
Chen et al.,, 2012). Yogurt is another product whihnnovated by pasteurizing and
homogenizing the milk to improve the consistencyhaf yogurt. Stabilizing compounds
such as starch, pectins etc and flavouring ager@sadded providing variety to the
consumers (Soukoulis et al., 2007). Sauerkrautiaditional vegetable based fermented
product is produced in large scale in industriese Of pure starter cultures and controlled
environment i.e., ambient temperature and salt eanation affects the quality of the

final product (Vieira and Ernest, 1996).
Summary and Conclusion

In this chapter preparation of some of the poptdamented food products of
Nagaland are described. These descriptions arel masé¢he ethnic preparations which
are being followed from last several generationtheut any scientific look. Latest
research or improvements made in any field neebet@ble to sustain the transfer of
technologies. So to improve any technology it iseesial that current technology for
production of indigenous fermentation is documentBigaland inhabited by diverse
tribal communities produces varieties of fermentedds and beverages. Fermented
foods and beverages in Nagaland are produced mfainfpod preservation and to meet
the growing needs of the people. Some of thesesisted products are not only produced
for one’s own consumption but are also producetbedamarketed in the local market.

These fermented food products have their own unigag of preparation and it is
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essential that this knowledge be preserved. Moshede fermented food and beverages
are associated with a particular tribe and in a giag a cultural identification value for
communities through its food. Thus, fermented foptis/ a very important role in the
culture, religion and economic status of Negapeople.

Indigenous methods of food preparation should braged to faster, better, and
cleaner modern methods without prejudice or nostalf) its traditional value, as these
can lead to better nutrition and health. Thus,ahera need to intensively study and
develop the traditional fermented products fordyequality so as to benefit and improve
the health as well as to commercialize these pisdat a larger scale. Increased
documentation and efforts for sharing this inforimatvill allow taking advantage of this
vast knowledge. Indigenous foods will remain impattas long as they are adapted to a
changing environment characterized by dynamic $eestel preferences. Biotechnological
intervention to assess the nutritional value andi¢ntify the microorganisms present in
these traditional fermented foods, are the neeth@hour. Thus, the following chapters
deal with the nutritional assessment and the miotodical studies of five popularly
consumed fermented products of Nagaland, vexpne/akhuni, anishi, hungrii,

rhujuk/bastangandtsutuocie.
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Chapter - 3

Microbiology and Molecular Identification
of Dominant Microorganisms in the

Fermented Food Products

Microorganisms had been unknowingly subjected weongo natural fermentation
from ancient history. Without knowledge of micropesir ancestors recognized, over
time, the palatability, preservative, analgesicd anentally stimulating or sedating
gualities of fermented foods and beverages (Staugr2002). Steinkraus (1997) defined
fermented foods as food substrates that are invadiedovergrown by edible
microorganisms whose enzymes, particularly amy|agexdeases and lipases hydrolyze
the polysaccharides, proteins and lipids respdgtiteenon-toxic products with flavours,
aromas and textures pleasant and attractive tdwah@&an consumer. If the products of

enzyme activities have unpleasant odours or uraldsismell, have unattractive flavours
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or the products are toxic or disease producing) the foods are described as spoiled and
not fermented. A wide spectrum of microorganismsniolved during fermentation
processes but only a few types usually determiraditguof the end product (Abegaz,
2007).

Microorganisms may be present as natural indigemoigsobiota in uncooked
plant or animal substrates, utensils, containenrthen pots, or environments or as added
starter cultures containing functional microorgams(Hesseltine, 1983; Tamang et al.,
2016). Fermentation may magnify the known benedita wide variety of foods and
herbs, influencing the bioavailability and activigf the chemical constituents. In
addition, as our knowledge of the human micro biamceeases (the intestinal microbiota
in particular), it is becoming increasingly clehat there are untold connections between
the ways in which microbes act upon dietary items-gpnsumption, and in turn, the
ways in which these fermented dietary items infageaur own microbiota (Selhub et al.,
2014). Microorganisms determine the characterissiceermented food, where the raw
materials are converted by microorganisms (bactgeasts and moulds) to products that
have acceptable food qualities as well as healtiefiie that go beyond simple nutrition
(Steinkraus, 2002; Giraffa, 2004; Vogel et al., 20Tamang et al., 2016). Some
microorganisms may participate in parallel, whiteeys act in a sequential manner with a
changing dominant flora during the course of thenentation. The common fermenting
bacteria are species ofactobacillus Lactococcus LeuconostocEnterococcus,
StreptococcusPediococcusMicrococcusand Bacillus. The fungi generaspergillus
Amylomyces, Actinomucor, PaecilomycesMonascus, Mucor, Neurospora,
Cladosporium Fusarium Penicillium and Rhizopusare the most frequently found in
certain products. The common fermenting yeastspeeies ofCandida, Debaryomyces,

Geoirichum, HansenulaKluyveromyces, Pichia, Saccharomyc&gccharomycopsis,
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Torulopsis and ZygosaccharomyceSteinkraus, 1998; Tamang, 1998; Tamang et al.,
2016).

Functional properties of microorganisms in fermdnteods include probiotics
properties, antimicrobial properties, antioxidgrgptide production, fibrinolytic activity,
poly-glutamic acid, degradation of antinutritivengogounds etc. which may be important
criteria for selection of starter culture(s) toused in the manufacture of functional foods
(Tamang et al.,, 2016). Lactic acid bacteria arer@ug of gram-positive, non-spore
forming, coccus or rod shaped bacteria. They fetrsarbohydrates to almost entirely
lactic acid (homofermentation) or to a mixture a€tic acid, carbon dioxide and acetic
acid and/or ethanol (heterofermentation). Other maunds, such as diacetyl,
acetaldehyde and hydrogen peroxide, are also peddddese compounds contribute to
the flavour and texture of fermented foods and mlgp contribute to the inhibition of
undesirable microbes (Swain et al., 2014; Nurall5). Some strains dBacillus
species are reported to have antimicrobial actaiitgl also produce several enzymes such
as proteinase, amylase, mannase, cellulase anidssat@uoba et al.,, 2007; Tamang,
1998). Yeast are reported to have the functiorotovert carbohydrates into alcohols and
other aroma compounds such as esters, organic acalarbonyl compounds in the
fermentation of foods and beverages (Janssens @08P; Czerucka et al., 2007). During
the growth of fungi, the functional properties obéls are formed as follows: protein is
hydrolyzed to amino acids and peptide by proteolghzymes, oligosaccharides is
hydrolyzed to monosaccharides, phytic acid degradedorganic phosphates (Handoyo
and Morita, 2006; Bourdichon et al., 2012; Cheralet 2014). Species of lactic acid
bacteria likeBacillus amylolytic and alcohol-producing yeasts and fdgmous moulds
are the major microbiota in the fermented foods @odholic beverages of Asia, whereas

LAB or a combination of bacteria (LAB, non-LAB , anococci) - yeast mixtures and
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filamentous moulds are more prominent in Africdafientous molds and bacilli are rare
in the fermented foods and beverages of Africa,opey Australia, and America
(Tamang, 1998), although fermented legume prodiased orBacillus fermentation,

are common in West Africa (Oguntoyinbo et al., 2007

Several microbiological studies have dealt with thkaracterization and
identification of microorganisms isolated from vars fermented foods as a first step in
improving the quality of these foods through thevelepment of appropriate starter
cultures. Evaluating microbial diversity in fermedtfood is problematic because it is
often difficult to cultivate most of the viable lada or to detect stressed cells. This has
led to the introduction of molecular identificatiomhich is an accurate and reliable
identification tool, and is widely used in identdition of both culture-dependent and
culture-independent microorganisms from fermenteatl$ (Giraffa and Neviani, 2001,
Cocolin et al., 2013). PCR-denaturing gradient glelctrophoresis (PCR-DGGE) and
PCR-temperature gradient gel electrophoresis (PGE&H) were introduced in the later
part of 28" century in environmental microbiology and are nmutinely used in many
laboratories worldwide as molecular methods to ystpdpulation composition and
dynamics in food-associated microbial communitisiyzer et al., 1993; Cocolin et al.,
2000). Greppi et al. (2013) first reported the corabon of both culture-dependent and
independent methods to reveal predominant yeasiespand biotypes in the traditional
fermented maize foods of Benin. In these studles,16S rRNA gene is PCR-amplified
from a DNA sample, the amplicon is sequenced, dgance is queried on a database
like the NCBI, sequence hits are pooled from thals#se, and the sequences are used for
phylogenetic analysis. The gene databases haéddisd these studies and as a result

bacterial diversity surveyors are able to shar@rmmhtion eliminating the need for
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repeated surveys. Various regions of the 16S rRMAegcan be explored to study

variation among bacterial phylogenies (Ntusheld,30

The 16S rRNA gene sequence is a component of tBes@Bunit (Smaller subunit
of the 70S ribosome) of prokaryotic ribosome cansisof 1550 bp. This sequence has
both conserved and variable regions. The consaegdn was discovered in the 1960s
by Dubnau et al. (1965) iBacillus spp. Universal primers are usually used as
complementary to this region. The 16S rRNA gertbésmost commonly used part of the
DNA for bacterial identification and comparison poses (Clarridge 1ll, 2004). Some
scientists refer to this gene as 16S rDNA; howether approved name is 16S rRNA. It is
the most popular gene sequence used in identifgiggnisms because it behaves like a
molecular chronometer (Stackebrandt et al., 20Cdya&umaran et al., 2008). This
conserved region is found in all bacteria as suchallows for comparisons and
differentiation among bacteria (Woese et al., 198%e 16S rRNA gene is a suitable
parameter for bacterial classification because 1168 rRNA gene is universal among
bacteria and is conserved but has sufficient vanato distinguish between taxa
(Ntushelo, 2013). The objectives of this study weresolate the microorganisms present
in the fermented food products, and to identifymthesing classical microbiological and
DNA-based identification methods. For the latteequence analysis of the genes

encoding 16S ribosomal RNA was used.
Materials and Methods

Materials

Five samples each of the five different fermentsatis viz.,axone/akhuni, anishi,
hungrii, rhujuk/bastangaand tsutuociewere taken from household products collected
randomly from in and around Nagaland. Samples Wepe in a refrigerator at 4°C until

processed.
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Methods
Estimation of pH

Five gram of sample was blended with 10 ml of Hestiwater in a homogeniser
and thepH of the slurry was determined directly using atdigpH meter.
Microbiological study
Preparation of serial dilutions

Samplings were performed on stored finished ferewproducts to examine for
its microbial groups. Ten grams of sample were na&septically and homogenized in
sterile physiological saline (peptone, 0.1% w/vNa&.85% wi/v,) for 1 min. Then serial
dilutions were prepared by transferring one ml frirst dilution (10') to 9 ml peptone
water and serially diluted further up to™fadilutions with saline water as described by
Harrigan and McCane (1976). Then plate counts waréed out using the following
media, temperature and incubation periods to enateelifferent microbial group.
Total viable bacteria count

To determine the total bacterial count 0.1 ml ofadly diluted 0.1% (w/v) sample
was inoculated plate count agar (PGAppendix-11) and incubated at 30-32°C for 48h.
Colony forming units (CFU) were counted using aoogl counter and the results were

presented as cfu fhl

Enumeration of coliform bacteria

Appropriate decimal dilutions (0.1 ml) of the horeogte was spread on Nutrient
Agar and TSA (Appendix-Il) and incubated at 37°C for 24 h. Members of
Enterobacteriaceae were enumerated using Violebitedjlucose agar and incubated at

30°C for 48 h.
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Enumeration of Lactic Acid Bacteria

From appropriate dilutions, 0.1 ml aliquots wereesg plated in triplicates on
pre-dried surfaces of MR$Appendix-l1l) agar plates supplemented with 1% (w/v)
calcium carbonate. The plates were incubated ab@atly in an Anaerobic Gas-Bag

system at 30-32°C for 48h.

Enumeration of Staphylococci
Selective enumeration was carried out by spreateplan Baird-Parker agar

media(Appendix-Il). The plates were incubated at 37°C for 48 h.
Yeast and Mold Enumeration

From suitable dilution of sample, 0.1 ml was transfd onto solidified PDA and
YMA (Appendix-Il), supplemented with 12 pg mhiStreptomycin to inhibit bacterial

growth. Plates were then incubated at 27°C for.48 h
Phenotypic Characterization

Morphologically different colonies were isolated dampurified cultures were
grown on slants of the same medium and storedGtRdrified isolates were checked for

gram stain and for catalase production.

Gram staining

Each isolate was smeared on grease free sliddriatd-and heat fixed by passing
each slide over the blue flame of a burning Bunisemer repeatedly. Each slide was
flooded with a crystal violet solution, dried fon® min, washed with distilled water and
treated with iodine for one min. The slides weredlierized by ethanol (90%, v/v),

washed with distilled water and counter stainecgigafranin for 30 sec. Slides were
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washed again, air-dried and observed under oil irsimie objective lens (x100) of the

light microscope (Gram, 1984Appendix-II).

Catalase test

Microorganisms produce hydrogen peroxide duringpirason and in some
instance and extremely toxic superoxide leadsealthath of the microorganisms. Unless
they are degraded enzymatically, organisms cap#Ehbeoducing catalase or peroxidase
rapidly degrade hydrogen peroxide. Pure culture®weooped out on a slide and 4 drops
of 3% hydrogen peroxide was added to each bactspal. Presence of bubbling or
foaming indicates the breakdown of hydrogen pemxidth release of oxygen. The

absence of foaming indicated the absence of catalets/ity (Aneja, 2003).

Molecular Identification
DNA isolation

Extraction of genomic DNA was done using CTAB puaatidescribed by Moore
et al. (2004) with slight modificatiofAppendix-1V). About 5 ml bacterial broths was
centrifuged at 10,000 rpm for 5 min at 4°C followkyg suspension in 500uL of TE
buffer and thoroughly mixed with 200 L of Lysozyndéae mixture was incubated for 45
min at 37°C water bath. To this 10uL of proteingsand 50uL of SDS were added and
mixed thoroughly and incubated at 37°C until théuson became clear and viscous.
Subsequently, 100uL of 5M NaCl was then added andbiated at 65°C for 5 min. It
was again incubated at 65°C for 10 min after addiof 100uL CTAB solution. The
suspension was extracted with equal volumes of gdhehloroform: iso-amyl alcohol
(25:24:1) and centrifuged at 10,000 rpm for 10 riime upper phase was transferred and
to it equal volumes of chilled isopropanol was atldad mixed thoroughly by inverting
the tubes. Aqueous phase was recovered by certidingat 10,000 rpm for 15 min.

Isopropanol was removed and the pellet was wash&0% ethanol by centrifugation at



72

10,000 rpm for 15 min. The pellets were then alldwee stand for 5-10 min and then re-
suspended in 50uL of TE buffer. The extracted gea@MNA was tested qualitatively on
1% (w/v) agarose gel electrophoresis and quantifsgdg Nanodrop Spectrophotometer.

Polymerase Chain Reaction (PCR)

The PCR was performed in a thermal cycler accortbrigumar et al. (2002) with
some modification under the following standardizaxhditions. The 16S rDNA gene
sequences were amplified using universal primersu@F 1492R (Lechner et al., 1998)
and 27F and 1492R (Lane, 199{Appendix-V). About 25uL of PCR mixture
(Appendix-VI) was amplified in a PCR programmed with the follogvitemperatures:
94°C for 5 min then 35 cycles at 94°C 1 min, 608€ ¥ min and 72°C for 30 sec. The

final extension was at 72°C for 5 min and stoppetf&.

16S rRNA Sequencing

Amplified products were separated by electropheresil.2%, w/v agarose gel
and were purified using a commercial kit (HiPuraRPEBroduct Purification Kit, Make:
HiMedia, India). Sequencing was done #tBhse, Singapore. To determine the closest
known relatives of the partial DNA sequences oladjrsearches for homologous nucleic
acid seguences was performed using the BLAST akgori

(http://www.ncbi.nlm.nih.goy/ Percent similarity values of the most closelyatex

identities were determined by a comparison withgbguences available in the database
using BLAST software (Altschul et al., 1990).
Phylogenetic Study

Reference sequences were downloaded from NCBI amga&rison was done by
using the multiple sequence alignment program CLAISY (Thompson et al., 1997).
Since BLAST search results showed the most siméésrence sequence with query

sequences, detailed species level identificatiom®wonducted by phylogenetic analysis.
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The neighbour-joining phylogenetic tree (Saitou &, 1987) was constructed using
the CLC Sequence Viewer 7.7 for construction oflpggnetic trees, inferring distances
and percent similarity. A bootstrap analysis usifi)O replications was performed to

assess the relative stability of branches.

Results

Phenotypic Characterization

Microorganisms like filamentous moulds, yeasts dratteria constitute the
microbiota in indigenous fermented foods, which present in or on the ingredients,
utensils or environment, and are selected througaptation to the substrate.
Identification of the microbes in this study wasidaising the classical culture-dependent
method followed by use of molecular tools to idgntthe microorganisms. The
phenotypic characterization was done with morphickigstudies i.e., gram staining and
colony morphology and the genotypic characterizatwwas done using 16S rRNA

universal primers.

From the twenty five collected fermented food saapll19 isolates were isolated
(axone/akhunBO; anishi22; hungrii-19; rhujuk/bastange?5; tsutuocie23) and
recorded. Out of which thirty nine isolates werdeseed based on grams staining,
catalase test and morpholo@kable 3.1-3.5; Figure 3.1-3.6)Yeasts and moulds were

not detected in any of the samples.
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Table 3.1: Grams staining, catalase test and morplagical characteristics of

bacteria isolated fromaxone/akhuni fermented product

Sl Isolates Catalase Gram Cell Colony Colony colour
No. staining| shape morphology

1 | BJ-DEBCR-2 + + Rod Irregular, large White

2 | BJ-DEBCR-33 + + Rod Irregular, large White

3 | BJ-DEBCR-3 + + Rod | Irregular, large White

4 | BJ-DEBCR-24 + + Rod Irregular, large White

5 | BJ-DEBCR-22 + + Rod Irregular, large Golden brown
6 | BJ-DEBCR-29 + + Rod Irregular, large Golden brown
7 | BJ-DEBCR-1 + + Coccus Circular, pinhead White

8 | BJ-DEBCR-21 + + Rod | Irregular, small White
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Table 3.2: Grams staining, catalase test and morplagical characteristics of

bacteria isolated fromanishi fermented product

Sl. Isolates Catalase Gram Cell Colony Colony
No. staining | shape | morphology colour
1 BJ-DEBCR-6 + + Rod | Irregular, large White
2 BJ-DEBCR-40 + + Rod | Irregular, large White
3 BJ-DEBCR-4 + + Rod | Irregular, large White
4 BJ-DEBCR-17 + + Rod Irregular, large White
5 BJ-DEBCR-18 + + Rod Irregular, large White
6 BJ-DEBCR-28 + + Rod Irregular, large White
7 BJ-DEBCR-41 + + Rod Irregular, large White
8 BJ-DEBCR-20 + + Rod Irregular, large White
9 | BJ-DEBCR-16 - + Coccus| Round, small Cream
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Table 3.3: Grams staining, catalase test and morplagical characteristics of

bacteria isolated fromhungrii fermented product

Sl. Isolates Catalase Gram Cell Colony Colony
No. staining| shape | morphology colour
1 BJ-DEBCR-23 + + Rod | Irregular, large White
2 BJ-DEBCR-11 + + Rod | Irregular, large White
3 BJ-DEBCR-19 + + Rod | Irregular, large White
4 BJ-DEBCR-26 + + Rod Irregular, large White
5 BJ-DEBCR-36 + + Rod Irregular, large White
6 BJ-DEBCR-35 + + Rod Irregular, large White
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Table 3.4: Grams staining, catalase test and morplagical characteristics of

bacteria isolated fromrhujuk/bastanga fermented product

Sl. Isolates Catalase Gram Cell Colony Colony
No. staining | shape morphology colour
1 BJ-DEBCR-9 + + Rod | Irregular, large White
2 BJ-DEBCR-14 + + Rod | Irregular, large White
3 BJ-DEBCR-30 + + Rod | Irregular, large White
4 BJ-DEBCR-31 + + Rod Irregular, large White
5 BJ-DEBCR-37| + + Rod Irregular, large White
6 BJ-DEBCR-39 + + Rod Irregular, large White
7 BJ-DEBCR-5 + + Rod Irregular, large White
8 BJ-DEBCR-38 + + Rod | Irregular, large White
9 BJ-DEBCR-32 + + Rod | Irregular, large White
10 | BJ-DEBCR-27 + + Coccus| Circular, pinhead White
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Table 3.5: Grams staining, catalase test and morplmgical characteristics of

bacteria isolated fromtsutuocie fermented product

Sl. Isolates Catalase Gram Cell Colony Colony
No. staining | shape| morphology colour
1 BJ-DEBCR-7 + + Rod| Irregular, large  White
2 BJ-DEBCR-8 + + Rod| Irregular, large  White
3 BJ-DEBCR-25 + + Rod | Irregular, large White
4 BJ-DEBCR-10 + + Rod | Irregular, large White
5 BJ-DEBCR-12 + + Rod | Irregular, large White
6 BJ-DEBCR-34 + + Rod | Irregular, large White
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Figure - 3.1

Figure 3.1: Cell morphology of bacteria after gram stainidg.Gram positive cocciB.

Gram positive rod with endospor€; Gram negative cocci aial Gram positive rod.



80

Figure - 3.2

Figure 3.2 Pure cultures of bacterial isolates frokxone/Akhuni A. Axone/akhuni
B.  Staphylococcus epidermisC. Bacillus subtilis D. Bacillus licheniformis

E. Alcaligenes faecaliandF. Bacillus cereus
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Figure - 3.3

Figure 3.3 Pure cultures of bacterial isolates frémishi A. Anishi B. Bacillus subtilis

C. Bacillus licheniformisD. Bacillus licheniformisandE. Enterococcus faecalis
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Figure - 3.4

Figure 3.4 Pure cultures of bacterial isolates frétangrii. A. Hungrii; B. Bacillus

subtilis C. Bacillus LicheniformisndD. Bacillus pumilus
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Figure - 3.5

Figure 3.5 Pure cultures of bacterial isolates fré&thujuk/BastangaA. Rhujuk/bastanga

B. Bacillus subtilis C. Bacillus licheniformisandD. Bacillus subtilis
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Figure - 3.6

Figure 3.6 Pure cultures of bacterial isolates fr@isutliocieA. Tsutliocie B. Bacillus

subtilis C. Bacillus licheniformisD. Bacillus pumilusandE. Bacillus licheniformis
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Sl. No. Isolates Closest related Max. score | Query (%) | E value | Similarity (%) GenBank

microorganism Accession No.
1 BJ-DEBCR-2 Bacillus licheniformis 2455 100 0.0 99 KU301334
2 BJ-DEBCR-33 | Bacillus licheniformis 1700 99 0.0 99 MF487831
3 BJ-DEBCR-3 | Bacillus subtilis 2407 99 0.1 99 KU301335
4 BJ-DEBCR-24 | Bacillus subtilis 1251 100 0.0 99 MF487822
5 BJ-DEBCR-22 | Bacillus cereus 1094 99 0.1 99 KX364205
6 BJ-DEBCR-29 | Bacillus cereus 1146 99 0.0 99 MF487826
7 BJ-DEBCR-1 | Staphylococcus epidermis 2615 100 0.0 99 KU301333
8 BJ-DEBCR-21 | Alcaligenes faecalis 2536 100 0.0 100 KX364204




Table 3.7: 16S rRNA sequence based identificatiorf microbes from anishi with GenBank accession numbers
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Sl. No. Isolates Closest related Max. score | Query (%) | E value | Similarity (%) GenBank
microorganism Accession No.

1 BJ-DEBCR-6 Bacillus subtilis 1931 98 0.0 99 KU854954
2 BJ-DEBCR-40 Bacillus subtilis 1254 99 0.0 99 MF487838
3 BJ-DEBCR-4 Bacillus licheniformis 1205 100 0.0 99 KU30136

4 BJ-DEBCR-17 | Bacillus licheniformis 1055 96 0.0 99 KU854963
5 BJ-DEBCR-18 | Bacillus licheniformis 1053 95 0.0 98 KU854964
6 BJ-DEBCR-28 Bacillus licheniformis 1609 100 0.0 99 MF487826
7 BJ-DEBCR-41 Bacillus licheniformis 1639 99 0.0 99 MF487839
8 BJ-DEBCR-20 Bacillus pumilis 1341 100 0.0 100 KX258616
9 BJ-DEBCR-16 | Enterococcus faecalis 1694 98 0.0 99 KU854962
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Sl. Isolates Closest related Max. score | Query (%) | E value | Similarity (%) GenBank

No. microorganism Accession No.
1 BJ-DEBCR-11 Bacillus pumilis 1249 94 0.0 99 KU301334
2 BJ-DEBCR-19 Bacillus licheniformis 1400 100 0.0 100 KX258615
3 BJ-DEBCR-26 | Bacillus licheniformis 1290 99 0.0 98 MF487824
4 BJ-DEBCR-36 | Bacillus licheniformis 1400 100 0.0 100 MF487834
5 BJ-DEBCR-23 Bacillus subtilis 1773 99 0.0 99 MF487821
6 BJ-DEBCR-35 | Bacillus amyloliquefaciens 1469 98 0.0 98 MF487833




Table 3.9: 16S rRNA sequence based identificatiorf microbes from rhujuk/bastanga with GenBank accession numbers
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Sl. Isolates Closest related Max. score | Query (%) | E value | Similarity (%) GenBank

No. microorganism Accession No.
1 BJ-DEBCR-9 Bacillus subtilis 953 91 0.0 98 KU854957
2 BJ-DEBCR-14 | Bacillus subtilis 1615 99 0.0 99 KU854961
3 BJ-DEBCR-30 | Bacillus subtilis 1177 99 0.0 99 MF487828
4 BJ-DEBCR-31 | Bacillus subtilis 2383 100 0.0 99 MF487829
5 BJ-DEBCR-37 | Bacillus subtilis 985 96 0.0 97 MF487835
6 BJ-DEBCR-39 | Bacillus subtilis 1764 100 0.0 99 MF487837
7 BJ-DEBCR-5 Bacillus licheniformis 1945 99 0.0 99 KU301337
8 BJ-DEBCR-38 | Bacillus licheniformis 1184 99 0.0 97 MF487836
9 BJ-DEBCR-32 | Bacillus amyloliquefaciens 1070 100 0.0 99 MF487830
10 | BJ-DEBCR-27 | Staphylococcus pasteuri 1646 96 0.0 99 MF487825
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Table 3.10: 16S rRNA sequence based identificatiaf microbes fromtsutuocie with GenBank accession numbers

Sl. Isolates Closest related Max. score | Query (%) | E value Similarity (%) GenBank
No. microorganism Accession No.

1 BJ-DEBCR-7 Bacillus subtilis 2135 98 0.0 98 KU301335

2 BJ-DEBCR-8 Bacillus subtilis 1591 99 0.0 99 KU854956

3 BJ-DEBCR-25 Bacillus subtilis 1212 100 0.0 99 MF487823

4 BJ-DEBCR-10 Bacillus licheniformis 1116 91 0.0 98 KU854958

5 BJ-DEBCR-12 Bacillus pumilis 1458 96 0.0 98 KU854960

6 BJ-DEBCR-34 Bacillus pumilis 1692 94 0.0 99 MF487832
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Figure - 3.7

Figure 3.7: PCR amplification of 16S rRNA regiorA. Axone/akhuni B. Anishi

C. Hungrii; D. Rhujuk/bastangandE. Tsutuocie
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Colonies isolation and DNA sequence analysis

The 16S rRNA gene is very useful because the gemdrakthe bacteria contains
this conserved gene and any small variability is thgion is unique and specific to each
species. This characteristic is usually harnessetheir identification.In this study,
species-level identification was primarily based1l&® rRNA gene sequences. Microbial
species present exone/akhuni, anishi, hungrii, rhujuk/bastangadtsutuocieidentified
after comparing their sequence data to sequersted in the NCBI database are given in
table 3.6 to 3.10.The PCR product of 16S rRNA gene gave an appraeiri&00 bp

amplicon(Figure 3.7).

Axone/akhuni

Identification results of the microbial strains leted fromanishi are listed in
table 3.6.Total microbial load was in the range of & mI™*. Pure culture colony of the
observed bacteria having different morphology aoldwr are given ifigure 3.2. Most
of the isolates were gram negative, spore formedscatalase positive belonging to the
genusBacillus. The different groups dBacillus sp. identified by sequencing the partial
16S rRNA wereBacillus subtilis, Bacillus licheniformiand Bacillus cereus The two
isolates BJ-DEBCR-3 and BJ-DEBCR-24 showed 99% larity to Bacillus subtilis
deposited in the GenBank based on their 16S rRN#% gequences. Isolates BJ-DEBCR-
2 and BJ-DEBCR-33 after sequencing of the 16S rRj¢he showed similarity to
Bacillus licheniformis(99%) in GenBank sequencdsolates BJ-DEBCR-22 and BJ-
DEBCR-29 were found to have 99% similarity wBlacillus cereusOne of the isolate
BJ-DEBCR-21 was found to be gram negative rod whvels identified by sequencing
the partial 16S rRNA, having 100% similarity witicaligene faecalisAnother isolate

BJ-DEBCR-1 was found to be gram positive cocci,clthivas identified as belonging to
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Staphylococcus epidermisased on 16S rRNA gene sequencing (99% similaaty t

GenBank sequence@ppendix-Iil).
Anishi

Identification results of the microbial strains leted from anishi are listed in
table 3.7.Total microbial loads were in the range of &fu mI*. Pure culture colony of
the observed bacteria having different morphologg eolour are given ifigure 3.3.
Most of the isolates were gram negative, spore éosmand catalase positive belonging to
the genusBacillus The different groups oBacillus spp. identified by sequencing the
partial 16S rRNA werdacillus subtilisand Bacillus licheniformis Two of the isolates
BJ-DEBCR-6 and BJ-DEBCR-40 were found to have 99filarity with Bacillus
subtilis Isolates BJ-DEBCR-18, BJ-DEBCR-17, BJ-DEBCR-28;[EH=BCR-41 and BJ-
DEBCR-4 showed 98-99% similarity ®acillus licheniformisdeposited in the GenBank
based on their 16S rRNA gene sequences. IsolatBHRER-20 was identified as
Bacillus pumilisshowing 100% homology to GenBank sequences, regpbcOne of
the isolate BJ-DEBCR-16 was found to be gram negatbd which was identified as
belonging toEnterococcus faecalisased on 16S rRNA gene sequencing (99% similarity

to GenBank sequence@ppendix-111).
Hungrii

Identification results of the microbial strains lsed fromhungrii are listedin
table 3.8.Total microbial loads were in the range of &fu mI*. Pure culture colony of
the observed bacteria having different morpholagy eolour are given ifigure 3.4. All
the isolates were gram negative, spore formerscatalase positive belonging to the
genusBacillus. The different groups dBacillus sp. identified by sequencing the partial
16S rRNA wereBacillus subtilis Bacillus licheniformis Bacillus pumilisand Bacillus
amyloliquefaciendsolate BJ-DEBCR-23 was found to have 99% sintyfasiith Bacillus
subtilis Three isolates BJ-DEBCR-26, BJ-DEBCR-19 and BBDR-36 showed 98-
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100% similarity toBacillus licheniformisdeposited in the GenBank based on their 16S
rRNA gene sequences. Isolates BJ-DEBCR-11 and B3€BE35 after sequencing of
the 16S rRNA gene showed similarity tBacillus pumilis (99%) and Bacillus

amyloliquefacien$98%) in GenBank sequenag@gpendix-1ll).

Rhujuk/bastanga

Identification results of the microbial strains leed fromrhujuk/bastangaare
listedin table 3.9.Total microbial loads were in the range of T8u mI*. Pure culture
colony of the observed bacteria having differentrphology and colour are given in
figure 3.5. Most of the isolates were gram negative, spommdos and catalase positive
belonging to the genuBacillus The different groups oBacillus spp. identified by
sequencing the partial 16S rRNA weBacillus subtilis Bacillus licheniformisand
Bacillus amyloliquefaciens. Six isolates BJ-DEBCR-37, BJ-DEBCR-9, BJ-DEBCR-1
BJ-DEBCR-30, BJ-DEBCR-31 and BJ-DEBCR-39 showe®9% similarity toBacillus
subtilis deposited in the GenBank based on their 16S rRél#e gequences. Isolates BJ-
DEBCR-38 and BJ-DEBCR-5 were found to have 97-99fwilarity with Bacillus
licheniformis Isolate BJ-DEBCR-32 was found to have 99% sintyawith Bacillus
amyloliquefaciensOne of the isolate BJ-DEBCR-27 was found to be gnagative rod
which was identified as belonging 8aphylococcupasteuribased on 16S rRNA gene

sequencing (99% similarity to GenBank sequen@&spendix-IlI).
Tsutuocie

Identification results of the microbial strainsleted fromtsutuocieare listed in
table 3.10.Total microbial loads were in the range of & mi*. Pure culture colony of
the observed bacteria having different morpholagy eolour are given ifigure 3.6. All

the isolates were gram negative, spore formerscatalase positive belonging to the
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genusBacillus. The different groups dBacillus sp. identified by sequencing the partial
16S rRNA wereBacillus subtilis Bacillus licheniformisand Bacillus pumilis.Three of
the isolates BJ-DEBCR-7, BJ-DEBCR-8 and BJ-DEBCRsBbwed 98-99% similarity
to Bacillus subtilisdeposited in the GenBank based on their 16S rRbife gequences.
Isolate BJ-DEBCR-10 after sequencing of the 16S ARj¢ne showed similarity to
Bacillus licheniformis(98%) and isolates BJ-DEBCR-12 and BJ-DEBCR-34wsltb

similarity to Bacillus pumilis(98-99%) in GenBank sequendd@gppendix-Ill).

pH

Microorganism needs particular environment to suiegvand grow, thus thpH
value is an important factor upon which microbiapplation can be determined. Tpid
levels ofanishi, hungriiandrhujuk/bastangavere observed to be acidic wiphl value of
5.8, 5.2 and 4.7 respectively. Whereagpne/akhuniand tsutuociewere found to be
alkaline in nature with pH value of 8 and 8.2 respectively.

Phylogenetic analysis

The 16S rRNA sequencing has become a useful tableirstudy of phylogenetic
relationships between microorganisms and in idgngf taxonomic position of the
unknown isolate. Such relationships and taxonomgitipns are normally illustrated in

phylogenetic tree.
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Figure 3.8 Phylogenetic tree showing relationships of isolahd related species from
NCBI. A) Bacillusspecies. Bptaphylococcus epidermiS) Alcaligenes faecalis
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Axoneg/akhuni

Neighbour-joining phylogenetic tree was constructed isolates ofBacillus
species using the closest related sequences froBl BEnBank as reference strains. It
was observed that three 16S rRNA phylogenetic groupre formed. The strains BJ-
DEBCR-33 and BJ-DEBCR-2 grouped wiBacillus licheniformisreference strains.
Strains BJ-DEBCR-3 and BJ-DEBCR-24 grouped V#tillus subtilisreference strains
and the other two strains BJ-DEBCR-22 and BJ-DEBX®Rwvere grouped witBacillus
cereus reference strains. Phylogenetic tree constructedtlie strain BJ-DEBCR-1,
showed forming a group witBtaphylococcus epidermisference strain. Another strain
BJ-DEBCR-21 was found to form a group wisticaligenes faecaligeference strain

(Figure 3.8 A, B, C).

Anishi

Neighbour-joining phylogenetic tree was constructed isolates ofBacillus
species using the closest related sequences froBl §éhbank as reference strains. It
was observed that three 16S rRNA phylogenetic groupre formed. The strains BJ-
DEBCR-40 and BJ-DEBCR-6 grouped wiBwucillus subtilisreference strains. Strains
BJ-DEBCR-17, BJ-DEBCR-4, BJ-DEBCR-18 and BJ-DEBCRefouped withBacillus
licheniformisreference strains and the other strain BJ-DEBCRy2Oped withBacillus
pumilis reference strain. Phylogenetic tree constructedttier strain BJ-DEBCR-16,

showed forming a group witinterococcus faecaligference strai(Figure 3.9 A, B).
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Figure 3.9 Phylogenetic tree showing relationships of isolahd related species from
NCBI obtained frormanishi.A) Bacillus species. BEnterococcus faecalis
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Hungrii

Neighbour-joining phylogenetic tree was constructed isolates ofBacillus
species using the closest related sequences froBl §é€hbank as reference strains. It
was observed that four 16S rRNA phylogenetic growmese formed. The strain BJ-
DEBCR-23 grouped witiBacillus subtilisreference strain. Strains BJ-DEBCR-36, BJ-
DEBCR-19 and BJ-DEBCR-26 grouped wiBacillus licheniformisreference strains.
The strain BJ-DEBCR-11 was grouped with Bacillusnpis reference strain and the
other strain BJ-DEBCR-35 was grouped withcillus amyloliquefaceinseference strain

(Figure 3.10).

Rhujuk/bastanga

Neighbour-joining phylogenetic tree was constructed isolates ofBacillus
species using the closest related sequences froBl §éhbank as reference strains. It
was observed that four 16S rRNA phylogenetic growpse formed. The strains BJ-
DEBCR-38 and BJ-DEBCR-5 grouped wiBacillus licheniformisreference strains.
Strains BJ-DEBCR-37, BJ-DEBCR-39, BJ-DEBCR-14 alddEEBCR-30 grouped with
Bacillus subtilis reference strains and the other strain BJ-DEBCRyBfuped with
Bacillus amyloliquefaceingeference strain. The strains BJ-DEBCR-9 and BBOE-31
were grouped witiBacillus subtilisreference strains. Phylogenetic tree construabed f
the strain BJ-DEBCR-27, showed forming a group w&haphylococcus pasteuri

reference straigFigure 3.11 A, B).
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Figure 3.1Q Phylogenetic tree showing relationships of isokatd related species from NCBI
obtained fromhungrii
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Figure 3.11 Phylogenetic tree showing relationships of isokatd related species from
NCBI obtained fronrhujuk/bastangaA) Bacillus species. Bptaphylococccus pasteuri
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Figure 3.12 Phylogenetic tree showing relationships of isokad related species from NCBI
obtained frontsutuocie
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Tsutuocie

Neighbour-joining phylogenetic tree was constructed isolates ofBacillus
species using the closest related sequences froBl §é€hbank as reference strains. It
was observed that three 16S rRNA phylogenetic groupre formed. The strains BJ-
DEBCR-8, BJ-DEBCR-25 and BJ-DEBCR-7 grouped wihcillus subtilisreference
strains. Strain BJ-DEBCR-10 grouped wihcillus licheniformigeference strain and the
other two strains BJ-DEBCR-12 and BJ-DEBCR-34 wgaped withBacillus pumilis

reference straind=igure 3.12).

Discussion

Fermented food products have a long history aneh feignificant part of the diet
of many indigenous communities in the developinglekoDefinitive identification of
microorganisms is essential for a wide variety pplacation, industrial, biomedical,
pharmaceutical and environmental studies (AdeyemioCGnilude, 2014). Nagaland has a
rich diversity of indigenous fermented foods, whish far are least explored and
therefore these food items serve as rich reserwmekplored microorganisms. The type
of bacterial flora developed in each fermented fdegends on the water activity, pH,
salt, concentration, temperature and the compasdfahe food matrix (Font de Valdez
et. al., 2010). Fermentation is spontaneous andniraled thus resulting in a product of
variable quality. Spontaneous fermentation typycalesults from the competitive
activities of different microorganisms whereby stsabest adapted and with the highest
growth rate will dominate during particular stagéshe process. Thus, the present study
was aimed to isolate and identify the dominant ovoganisms present in the final

fermented product.



103

Preparation and consumption of sticky, non-salaydursome fermented soybean
foods are the traditional wisdom of the people freeweral South-East Asian countries,
which have fostered a distinct food culture of gemple (Tamang, 2010). Some of the
common ethnic, nonsalted sticky fermented soybead arenatto (Japan);kinema
(India, Nepal, and Bhutanjungrymbaj bekang hawaijar and peruyaan(india); thua
nao (Thailand);chungkokjangKorea) (Nagai and Tamang, 2010). Sarkar et al94)19
reported the members dacillus subtilisto be the most dominant microorganisms
involved in the production dfinema.Besides bacilli, the other lactic acid bacterium is
Enterococcus faeciunand two types of yeasts i.€andida parapsilosiandGeotrichum
candidumwere also isolated frorkinemasamples.Jeyaram et al. (2008) also reported
Bacillus species to be the most predominant microorganistmawaijar, identified as
Bacillus subtilis Bacillus licheniformis and Bacillus cereus Besides Bacillus,
Staphylococcusp. and few bacterial strains édkaligenesspecies and’rovidencia
rettgeri were also reported. In this present stihcillus species was found to be the
most dominant microorganism present in the prodactsidentified a8acillus subtilis
Bacillus licheniformisand Bacillus cereus Although the method of production and
culinary practices vary from product to product, lacilli-fermented Asian soybean
foods have a characteristic stickiness and typiaabur. However, there was no yeast or
moulds detected in any of the product as reporteinema (Sarkar et al., 1994)
Thokchom and Joshi (2012); Chettri and Tamang (R@4ported thaBacillus subtilis
was the dominant bacteria involved in production tahgrymbai and bekang.
Furthermore, reports also show that the gram-pesitispore-forming, rod-shaped
bacterium Bacillus subtilis is responsible for the fermentation d¢fiua nao and
chungkokjang (Sundhagul et al., 1972; Tamang et al.,, 200Bhe presence of

Staphylococcus epidermiand Bacillus cereusin axone/akhuniproduct, which are
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considered as food pathogens may have enteredditeffom unhygienic use of tools
and hands during its preparation procd3acillus cereuswas also previously isolated
from hawaijar (Jeyaram et al., 2008) akthema(Sarkar et al., 2002Bacillus cereuss a
gram-positive, rod-shaped, sporeforming foodborag¢h@gen. Since the spore Bf
cereusis resistant to heat, acid, ultraviolet, gammadiation, water stress, it is widely
isolated from soil, sediment, dust, plants, andifpooduction environments (Krasowska
et al.,, 2015). Thokchom and Joshi (2012) and Jeyatal. (2008) also reported the
presence of food pathogeBtaphylococcusspecies isolated fromungrymbai and
hawaijar, which normally find their way into fermented prmds from the raw material,
personnel, animal skins and the environmeitaligenesspecies was also identified
from the present study, which was also reportechftdawaijar (Jeyaram et al., 2008).
Alcaligenesspecies are mostly found in soil or water (Kesiklet2006).

Bacillus species are reported to be dominant in soya feedefttods and their
role being to accelerate the hydrolysis of protéis releasing ammonia (Chukeatirote,
2015). The release of ammonia is responsible ®rathmoniacal odour characteristic of
most soybean based fermentations (Sarkar et a3)19he prevalence dBacillus
species in the fermented product may be due talkaine condition gH 8) that occurs
during the fermentation process leading to favderaimndition for some bacteria to
grow, but also causing unfavourable condition fibreo microbes to grow. The rise il
during production of these foods is due to theitgbdf the dominant microorganisms,
Bacillus species to hydrolyse proteins into amino acids amenonia (Parkouda et al,
2009). The preservative and flavour characterigiicalkaline fermenters are derived in
part from the liberation of ammonia and increagedBeaumont, 2002). Use 8acillus
subtilis as a pure starter culture reported high increasdofal amino acids and

isoflavones in soybean fermented product (Shonl.et2807; Moktan et al., 2008;
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Chonkeeree et al., 2013). Fujita et al. (1993)aisul Bacillus subtilisalso known as
Bacillus nattofrom natta whose cells produce many enzymes, vitamin K2 @otease,
subtilisin, which can degrade soybean allergens smmvs fibrinolytic activity. Amoa-
Awua et al. (2006) also reported that staddawais produced by the fermentation of
bacteria notablyBacillus species. Thdacillus species produced extracellular enzymes
which hydrolysed the organic components of the &rimg beans resulting in increased
soluble products especially free amino acids. Dajaet al. (2009) also reported the
increase in levels of daidzein and genisteithure naosoybean product inoculated with
Bacillus subtilisstrain. Chettri and Tamang (2015) reported highdpction of Polyy-
glutamic acid (PGA) intungrymbai and bekang inoculated with Bacillus subtilis
(TSS1:B25 and BT: B9) strain. Similarly, Shin amtdg (2015) also reported increase in
levels of dietary fiber, phosphatide, isoflavonkepolic acid, poly-glutamic acid (PGA)
and saponine irchongkukjangfermented withBacillus subtilis Apart from Bacillus
subtilis strain, Bacillus licheniformisstrain was also reported to produce good quality
chongkukjandermented product (Kim et al., 2004; Baek et2010).

Fermented food products prepared from leafy vedgetator bio-preservation to
extend the storage life and enhance safety of faisg the natural microflora, is
popularly practiced in Nagaland. These productsrasstly non-salted and are either sun
dried or baked at high temperature after the congpleof the fermentation period. The
pH of anishiandhungrii was recorded to be 5.8 and 5.2 respectively, wiaalders it to
be acidic. Production of organic acids and lact@s by Bacillus species have been
reported by Ohara and Yahata (1996) and Yan g2@ll2) .In the present study, the
average microbial load ianishiandhungrii was found to be low i.e., 1@fu mr. It may
be due to implication of post fermentation techeidike sun drying or exposing of the

product to high temperature, making it difficultr fimany bacteria and moulds to grow
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(Steinkraus, 2002). Studies have reported the pcesef lactic acid bacteria in most of
the vegetable based fermented food products (Léékang, 2004; Tamang et al., 2005;
Breidt et al., 2013). However, in the present sttidymost dominant microorganisms in
anishi were reported to belong to the members of Baeillus species, which were
identified asBacillus subtilisandBacillus licheniformigafter comparing with 16S rRNA
sequences from the NCBI genbank. Another bactes@ated was identified as
Enterococcus faecalisThe presence of a bacterial species represemiin@gecalisis
responsible for sensory characteristics of thel fim@duct, as this species is often
prevalent in foods (Giraffa, 2003; Gomes et al.0&0 In addition, somé&nterococci
strains, especiallf. faecalisand E. faeciummay produce bacteriocins that are active
against a plethora of food borne pathogens (Toialgt2000), making them suitable
candidates for controlling emerging pathogens dufood fermentation (Callewaert et
al., 2000). Despite the safety and pleasant serettnipputes imparted bf. faecalisin
foods, some strains &. faecalisandE. faeciumare associated with infection that pose
challenges to food safety (Gomes et al., 2008).il&ily, in hungrii the most dominant
microorganisms isolated belongedBacillus species, which were identified Bacillus
subtilis Bacillus licheniformisBacillus pumilisandBacillus amyloliquefaciendBacillus
amyloliquefacienss one of most prevalent gram-positive aerobic esgorming bacteria
with the ability to synthesize polysaccharides aotypeptides (Geng et al., 2011). The
antifungal property ofBacillus licheniformisis reported by Patel et al. (2004) and
Tendulkar et al. (2008). Bottone and Peluso (206Bprted a compound produced by
Bacillus pumilusMSH) that inhibitsMucoraceaeandAspergillusspecies. The presence
of Bacillus species in such foods can be linked to differeadtdrs such as post

fermentation method of baking at high temperaturerging during the process, which
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select for heat resistant microorganisms, espgc@ibre forming bacteria (Quoba et al.,
2008).

Bamboo shoots constitute a major component ofttoendil cuisine in most of the
Asian countries. It forms a rich ecological nichenieth harbours a plethora of
microorganisms (Thakur et al., 2016). Mostly, th®duction of fermented bamboo
shoots involves the natural fermentation procesb various lactic acid bacteria playing
dominant role in imparting flavour, taste and aromeathe product.Lactobacillus
plantarum, L. brevis, L. casei, L. fermentum, Lrvatus, Leuconostomesenteroides, L.
fallax and Tetragenococcus halophilusre predominantly found in fermented shoots
(Nongdam and Tikendra, 2014). However, in the presaudybastangahad microbial
load in the range of 1Gcfu mI*, which was mostly dominated WBacillus species. The
different strains identified wer8acillus subtilis Bacillus licheniformisand Bacillus
amyloliquefaciensSimilarly, Sarangthem and Singh (2003) and Jeyagaral. (2010)
also isolatedBacillus subtilisandBacillus licheniformis from fermented bamboo shoot
product soibum They also reported thaBacillus subtilis showed highest level of
efficiency in accumulation of total phytosterol, sl are the precursors of many
pharmaceutically active steroids, during fermentatifamang et al. (2012) also reported
the presence oBacillus subtilisand otherBacillus species likeBacillus circulang
Bacillus firmusandBacillus sphaericugrom tuaithur, a fermented bamboo shoot product
of Assam. Bioconversion ability oBacillus sp. found as metabolites in fermented
succulent shoots of bamboo makes them ideal soofrdeioactive compounds like
phytosterols (precursors of many pharmaceuticattyva steroids) (Wu et al., 2015)
Another bacteria isolated frolmastangawas identified asStaphylococcuspecies. The
presence oBtaphylococcuspeciesn food products is generally undesirable espeaciall

when the count is greater tharf B8u g*. Low numbers of these organisms is indicative
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of poor handling conditions whereas high counts &egjuently associated with
incidences of food poisoning (Flint et al., 2005).

Lactic acid fermentation usually plays a very intpat role in cucumber
fermentation. Most commercial cucumber fermentatiaely upon growth of the
microorganisms that is naturally present on théaserof cucumbers (Breidt et al., 2013).
Cucumbers are mostly fermented by adding salt eti@a@acid to limit the growth of
spoilage microorganisms (Gates and Costilow, 198a&jvever, during the preparation of
tsutuocieno salt is added but instead water was addedhelptesent study, the microbial
load intsutuociewas in the range of f@fu mr*, the microorganisms were found mostly
to beBacillus species. They werBacillus subtilis Bacillus licheniformisand Bacillus
pumilis Munimbazi and Bullerman (1998) described antifaingetabolites produced by
Bacillus pumilus which inhibited mycelial growth (spore germinatjoof Aspergillus,
Penicillium and Fusarium species, and aflatoxin production Bgpergillus parasiticus
Tsutuociewas found to be alkaline in nature witiptd as high as 8.2. This higiH of the
fermented product might have been the reason otturrence oBacillus species in
dominance over other microorganisms in the finaldpct. The absence of LAB in most
of the fermented vegetables and fruit, probably ©wee loss of survival during aging
process (Pederson and Ward, 1979; Lindgren anddgobe, 1990). These results are
also in agreement with the generally accepted qunbat traditional fermentations are
dominated by a few microbial species that are safeduring the course of fermentation
because of good adaptation to the food matrix (Hourgan et al., 1993; Halm et al.,
1996). LAB involved in vegetable fermentation weia detected, which may be due to
dominance of Non-LAB over fastidious LAB and funthie is also reported that fresh
fruits and vegetables harbour only 0.1% of LAB &819% Non-LAB (Montet et al.,

1999) and hence may have gone undetected.
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Bacillus species was found to be predominant microflordnesé¢ fermented food
items, indicating their versatilitand easy access in the manufacturing process it it
reported thatthey are not involved in spoilage instead somehef Bacillus species
prevent fungal growth (Tendulkar et al., 2008; Sokn and Magnusson, 2005; Perez et
al., 2017). Yeast and moulds were absent in thedrted products which further
indicated that growth of enteric bacteria have pmedantly created unfavourable
conditions (especiallpH) for growth of fungi (Pitt and Hocking, 200Bacillus species
produce about 167 biological compounds active agdvacteria, fungi, protozoa and
viruses (Bottone and Peluso, 2003). In additiomatmic acid bacteria, it is known that
Bacillus members do possess probiotic activity (Li et @02 Li et al.,, 2007; Bates et
al., 2008). Shahcheraghi et al. (2015) reviewedvdr@us potential oBacillus subtilis
strains as a probiotic, producing antibiotics amzyenes that are important in both
medical and industrial sciences. Studies have tepdhatBacillus species possess wide
range of inhibitory spectrum against pathogeniddréc due to secretion of antimicrobial

compounds viz. bacteriocins (Sharma et al., 2013).

In this present study, the use of a combinatiorbath culture-dependent and
culture independent method resulted in identifaratof strains that were previously
isolated from other fermented food products. Howeseme strains that were isolated in
this study could not be detected in the previousdiss. This may be due to the bacterial
strains entering a viable but non-cultivable stategracterized by metabolically active
cells that do not produce colonies on both seleaivd non-selective media (Giraffa and
Neviani, 2001), which illustrates one of the mailvantages of culture-independent
approaches over culture-dependent methods (Muyzér Smalla, 1998; Giraffa and

Neviani, 2001).
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Summary and Conclusion

Each fermented food is associated with a uniquapyad microorganisms which
increases the concentration of protein, essentiai@acids, fatty acids, vitamins, and the
availability of minerals (Dahal et al., 2005). Inafjdland, fermented food products are
still produced from spontaneous fermentation. Cqueatly, there is immense variation
in the microorganism involved as well as sensorgratteristics and quality of the
fermented products. Present study revealed thempresofBacillus species in almost all
the fermented food products studied for its micablpopulation.Bacillus species are
reported to be spore formers and are capable ofveuy even in adverse conditions,
which may be one of the reasons for their dominamt¢iee final productBacillus species
are also reported to be present in the raw masesmalich might have been incorporated
in the fermented product during the fermentatioocpss. The average microbial load in
fermented products likenishi, hungriiandtsutuociewere low, which may be due to the
pre or post fermentation treatment of drying andlittewh of water creating an
environment suitable for the growth of particulacmorganisms. Food contaminant like
Staphylococcuspidermis, Bacillus cereumndAlcaligenesspecies were detected in some
of the fermented products, as fermented foods igalNad are still prepared at the
household level using traditional methods. Pooridmnig standards during the preparation
of these fermented method also explains the presehthe contaminants in the food
product.

Thus, improvement of crude traditional methods mpleying modern scientific
technologies is the need of hour to upgrade thditgquand production of fermented
products at commercial scale while keeping intaetrtunique natural flavour, taste and
aroma. Knowledge of microbial diversity and dynasniduring spontaneous

fermentations is useful, for designing relevantrtetacultures that may result in
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fermented productwith standardized sensory profiles (appearancenaysourness and
taste) and fermentation time. Ultimately, thesatstacultures may also be used for
upgrading this traditional technology to large-scaildustrial production and marketing
of these fermented food products. The entire poetherefore important, not only from
an academic viewpoint, but also for the consermatd indigenous knowledge and
technologies through the characterization and pvasen of the microflora associated

with the traditional fermented food products.



112

Chapter - 4

Nutritional Analysis of Fermented Food

Products

Nutritional factors are widely considered to betical for human health.
Nutrition is the science of food, the nutrients astder substances in it. It deals with
their action, interaction and balance in relatiopdio health and disease. Nutrition is
also concerned with socio-economic, cultural angclpslogical implication of food.
Nutritive value refers to the nutrient content osecific amount of food. Nutrients
promote health by making possible the normal operaand maintenance of the body.
No matter how different people are in size, appeagaactivity, and race or age, all need
the same nutrients (Nicoli et al., 1999; Seed gt2413). Foods in addition to their
nutritional and sensory properties have recentBnbrecognized as acting as protective
agents as well and are termed as functional foddshawvas first introduced in Japan in
the mid 1980s and refered to as processed foodainomg ingredients that aid specific

bodily functions in addition to being nutritiousrgl, 1996).
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Modern world is suffering from the problem of slage of food and billions of
people suffer from severe problem of nutrition. a&si Africans, Latin American
countries, North American and Western European tt@snsuffer from malnutrition.
The evaluation and documentation of nutrition etiocas essential to improve impacts
and outcomes of efforts. Nutrition education haemged and evolved along with the
science of understanding nutritional needs for theafollowed by government
recommendations (Muller and Krawinkel, 2005).

Fermented foods also promote human health in wayslinectly attributable to
the starting food materials. That is, the outcomiefermentation and the contributions
of microbes, in particular, can provide additioqabperties beyond basic nutrition
(Gibson et al., 2006; Mohite, 2013). The healthdfigs of fermented functional foods
are expressed either directly through the intevastiof ingested live microorganisms
with the host (probiotic effect) or indirectly asetresult of the ingestion of microbial
metabolites synthesized during fermentation (biagesifect) (Stanton et al., 2005;
Gobbetti et al., 2010; Marco et al., 2017).

Fermentation can be viewed as a biological methotbad preservation and
enhances taste and flavour of the foods (Motarj@®02). Fermentation also improves
protein quality and digestibility, vitamin B conterand microbiological safety and
keeping quality (Hotz and Gibson, 2007; Mulaw aresfaye, 2017). Foods produced in
this way have a reduced risk of contamination bwtwdling the growth and
multiplication of a number of pathogens in foodsewrenriched in antimicrobial end-
products, such as organic acids, ethanol, and hieates. Advantages of fermented
foods also include the new and desirable tastedexidres that are completely unlike
those present in the starting materials (Marcd.ef817). Thus, it makes an important

contribution to human nutrition and food safetyrtigalarly in developing countries
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(Motarjemi, 2002; Renjini, 2014). Fermentation proes acids and alcohol, which in
combination is conductive to the formation of esténat impart desirable flavours.
Produced carbon dioxide replaces the air and pesvahaerobic conditions favourable
for the stability of ascorbic acid and the natwalbur of vegetables (Lee, 1997).

Fermentation by certain bacteria, yeast and mouwldsetain enzymes, which
include amylase, proteases, phytases and lipasedifies the primary food products
through hydrolysis of polysaccharides, proteinsytaltes and lipids respectively.
Fermentation also reduces the levels of anti migisuch as phytic acid and tannins in
food leading to increased bioavailability of mifergauch as iron, protein and simple
sugars (Nout and Motarjemi, 1997; Kumar et al.,2Z2Masan et al., 2014). The lactic
acid fermentation enhances protein solubility dreldvailability of limiting amino acids
in some cases by as much as 50%. Tannins are cedycas much as 50% and
oligosaccharides by as much as 90% (Nout and Ngddi8y).

Foods fermented with lactic acid bacteria are awred to have several ben-
eficial physiological effects such as antimicrobgttivity enhancing the immune
potency (Kullisaar et al., 2002) and to preventcesirand lower serum cholesterol levels
(Kaur et al., 2002).The antioxidant activity of fegnted foods improves primarily due
to an increase in the amount of phenolic compoandsflavonoids during fermentation,
which is the result of a microbial hydrolysis raant Moreover, fermentation induces
the structural breakdown of plant cell walls, lewgdito the liberation or synthesis of
various antioxidant compounds (Juan and Chou, 20¥8ng et al., 2014). These
antioxidant compounds can act as free radical teatars, metal chelators, singlet
oxygen quenchers, or hydrogen donors to radicdls. pfoduction of protease, amylase
and some other enzymes can be influenced by feati@ntthat may have metal ion

chelating activity (Kim et al., 2008; Sarmadi asdhkil, 2010; Hur et al., 2014). While
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many health claims have yet to be demonstratedcally, various scientific and

government bodies around the world endorse thectfomal’ properties of fermented
foods (Gorman, 2011). In the present study attewgd made to investigate into the
certain nutritional parameters of five major fereehfood products and compare with

the constituent raw materials.
Materials and Methods

The nutritional analyses were conducted on follgwvitve major fermented

products and constituent raw materials:

1. Axone/Akhunprepared from soybean seeds.

2. Anishiprepared fronColocasialeaves.

3. Hungrii prepared fronBrassicaleaves.

4. RhujukBastanggprepared from young succulent bamboo shoots.
5. Tsutuocieprepared from cucumber.

These foods were selected as they are popularlyucoed in the daily diet of
almost all theNagatribes in Nagaland. Nutritional assessment wa®dweith an aim to
do comparative analysis and to have an idea abeunuatritional value addition in the
fermented foods. The fermented food products waw materials are illustrated in
figure 4.1
Collection and Preparation of Samples

The fermented food samples were collected fromedbfit households from
different parts of Nagaland and brought to the fatwy and stored at 4°C till use. The
collection of raw materials was done during thetipalar seasons when they were most
abundantly grown. Soybean seeds and cucumber fwete brought from the local
market in NagalandColocasialeaves andBrassicaleaves were collected in the month of

August-December. Young succulent bamboo shoots eadlected in the month of June-
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July. For the assessment of nutritional valuethalsamples were first oven dried at 60°C
and were grounded to a fine powder. The finely pened samples were kept separately

in an airtight container at 4°C until the time stu

Methodology

Proximate Analysis

Moisture content: Moisture content was estimated by taking 5 g of @anin a pre-
weighed dish plate and placed in the oven for ~&6 10+1°C till a constant weight was
achieved. After drying, samples were weighed agaid the moisture content was
determined by using the formula:

Moisture content (%) = Loss of weight 300
Weight of the sample

Estimation of protein: Protein estimation was done using the colorimetrgthod of
Lowry et al. (1951). One gram of oven dried sanwgdes grounded using 20 ml of 0.1 M
phosphate bufferp - 7.0) Appendix-1) and centrifuged at 1000 rpm for 10 min
followed by filtration and filtrate was used foretlanalysis. To 1 ml of extract 5 ml of
Lowry's solution @Appendix-1) was added. The mixture was incubated at room
temperature for 10 min followed by added 0.5 ml 1M Folin-Ciocalteau reagent
(Appendix-1) and incubated in dark for 20 min. The absorbat@&@60 nm was measured
and standard curve was prepared with ‘Bovine Sekibumin’ (BSA).

Estimation of reducing sugar: Reducing sugar was estimated using 3, 5-dinitrogadi
acid (DNSA) reagentAppendix-1) (Miller, 1959). One gram of oven dried sample was
extracted with 80% alcohol. To 1 ml of extract 1 oflDNS reagent was added and
mixture was kept in boiling water bath for 5 minlldaved by cooling to room
temperature with 10 ml distilled water. The absadeawas measured at 540 nm and

glucose was taken as the standard.
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Figure 4.1: Principle constituents and the final femented products. a- Soybean seeds, Bxone/akhuni, c. Colocasia leaves, d.
Anishi, e.Brassica leaves, fHungrii, g. Young succulent bamboo shoots, Rhujuk/bastanga, i. Cucumber slices, j.Tsutuocie
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Estimation of crude fibre: Crude fibre was determined following Mayndi®70) with
modification. One gram of dried samples was boigt 200 ml of 0.25N sulphuric acid
(H2SOy) for 30 min. It was then filtered with No. 1 Whamfilter paper. The filtrate was
then boiled with 200 ml of 0.313N NaOH solution &0 min followed by filtration and
washed subsequently with 25 ml of boiling 1.25%58, and thrice with 50 ml distilled
water and 25 ml of alcohol. The residue was remased transferred to pre-weighed
ashing dish (Wg). The filtrate was then dried for 2 h at 130+28@l then cooled. The
ashing dish was cooled and weighed.@)V It was ignited for 30 min at 600°C. After
cooling in desiccator, it was again reweigheds(@J. The crude fibre content was
determined using the formula:

Crude fibre (g/100g) = __Loss in weight on igmt (W>-W,) - (W3-W;) x 100
Original weight of sample

pH of food products: Five grams of sample was blended with 10 ml ofiltkst water in

a homogeniser and tip# of the slurry was determined directly using atdigpH meter.
Total phenolic and flavonoid content

Preparation of methanol extract: One gram of dried sample was ground and extracted
in 10 ml of 80% (v/v) methanol by shaking for 2&troom temperature. The extraction
procedure was repeated until the extraction solbectme colourless. The extract was
then filtered over with Whatman No. 4 filter pap&he filtered obtained was directly
used for antioxidant analysis.

Estimation of total phenolic content (TPC): Total phenol content was determined
following Folin-Ciocalteau method (Singleton andsRip 1965). About 0.1 ml extract
was added to 1 ml Folin-Ciocalteau reagent anch®.8f distilled water and allowed to
stand for 5 min followed by mixing of 2 ml of saatied sodium carbonate (75 Land 2

ml of water. The absorbance was measured at 76&ftanincubating at 30°C for 1 h
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with intermittent shaking. Gallic acid was used forking the standard graph and
expressed as mg Gallic acid equivalents (GAE)f/ extract.

Estimation of total flavonoid content (TFC): Total flavonoid content was determined
following technique of Sahreen et §010) with slight modification. To 0.3 ml of
extract, 3.4 ml of methanol (30%, v/v), 0.15 mIG®@5M sodium nitrite and 0.15 ml of
aluminium chloride (0.3 M) were added. The mixtwas then allowed to stand for 5 min
and then added 1 ml of 1 M NaOH. The absorbance mweasured at 510 nm and
standard curve was prepared using Quercetin aneg®sgrl as mg Quercetin equivalents
(QE) / g of extract.

Antioxidant Activity

DPPH radical scavenging assayThe scavenging activity of stable 2, 2-Diphenyl-1-
picrylhydazyl (DPPH) free radical was determinetiofeing Aoshima et al(2004) with
modification. Equal volumes of methanolic solutioos DPPH (100uM) and crude
extract containing different concentrations (10-2@0mL) were mixed together. The
reaction mixture was shaken well and allowed toctat room temperature for 30 min
before reading the absorbance at 517 nm in spdaitometer (Multiskan Go, Thermo
Scientific). Standard curve was calculated usingldk and inhibition percentage was
calculated using the formula:

% Inhibition = OD control-OD sampl& 100
OD control

Statistical Analysis
The experiments were done in triplicate (n=3) axpressed as mean * standard
deviation. The results were processed using statissoftware Microsoft Excel and

Origin-Pro 8.
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Results

Proximate analysis

For all the selected fermented food products, itigason was under taken on
estimation of moisture content, crude fibre, pmoteeducing sugar anoH. Efforts were
made for comparative assessment of different muitritparameters between the
constituent raw materials and the final processthénted product. The results are
shown in respective graphs showing nutritional cangon between the fermented food
products and its raw materials (Table 4.1).
Moisture content. The moisture content of the fermented food prodwsitewed
significant variations ranging from 3.8 to 92%. Thmaximum moisture content was
recorded as 90 and 92% ihujuk/bastangaand tsutuocierespectively, which had no
significant difference from the moisture contentitsnraw material, cucumber fruit and
young succulent bamboo shoots (82% and 92%). Meistontent was significantly
lower in anishi and hungrii having 3.8 and 5.2% respectively, than its comstit raw
materials i.e.,Colocasia leaves andBrassica leaves which were 60.6 and 40%
respectively. However, the moisture contenaxone/akhunwhich was found to be 50%
was significantly higher than its raw material segbh seeds having 11.2% (Table 4.1).
Protein content: Protein content oaxone/akhunianishi and hungrii were 42.1, 34.19
and 34.07 g per 100 g respectively and it was faonghcrease as compared to its raw
material i.e., soybean seeds (41@)Jocasialeaves (20.64) anArassicaleaves (23.34).
However, protein content aghujuk/bastanga30.89) andsutuocie(3.2) were found to
decrease compared to its constituent raw matere|ssucculent bamboo shoots (33.09)
and cucumber fruit (6.7). Highest level of protetontent was thus reported in
axone/akhuni followed by anishi, hungrii and rhujuk/bastanga The lowest level of

protein content was found teutuocie
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Parameters Axone Anishi Hungrii Rhujuk/ Tsutuocie
Bastanga
— C_U Q C ~ ~~
=& 3 3 ‘cﬁ'gﬁ S T3S S =2 38% S ;-gg 3
T OO ° £ N © E @ ® © T O E D © T Q5 ©
a2 o =009 S a2 S x8g< | O xgo |9
£ o Z2 @ o T o e@? a g3 a
=~ xlo 4 = S
Moisture (%) 11.2 50.0 60.0 3.8 40.0 5.2 82.0 90.0 90.0 92.0
(0.02) (0.01) (0.1) (0.06) (0.04) (0.03) (0.1) (0.03) (0.04) (0.04)
pH 6.8 8.0 6.2 5.8 6.2 5.2 6.2 4.7 6.1 8.2
(0.003) (0.001) (0.04) 0.02) (0.05) (0.01) (0.03) (0.07) (0.09) (0.006)
Protein 41.8 42.1 20.64 34.19 23.34 34.07 33.07 30.89 6.7 3.2
(g/1009) (0.004) (0.03) (0.03) (0.005) (0.1) (0.1) (0.002) (0.1) (0.04) (0.04)
Reducing 27.6 29.7 54.7 29.6 32.1 34.5 52.1 29.6 175 22.5
sugars (%) (0.013) (0.01) (0.1) (0.04) (0.004) (0.04) (0.05) (0.03) (0.007) (0.06)
Crude  fibre 1.04 1.61 10.52 12.26 2.88 1.019 0.17 0.27 0.128 0.05
(9/1009) (0.03) (0.01) (0.1) (0.02) (0.03) (0.06) (0.04) (0.009) (0.04) (0.04)

Data represent mean of three replicates (xStardkarnction).



122

Reducing sugar: It was found that reducing sugar content decre@sediderably in
anishi (29.6%) andhujuk/bastangg29.8%) compared to its counterparts i&Jocasia
leaves and young succulent bamboo shoots (54.75arik® respectively). However,
there was increase in the level of reducing sugaraxone/akhuni(29.7%), hungrii
(34.5%) andsutuocie(22.5%) as compared to its raw material, soybeadssBrassica
leaves and cucumber fruit which were found to b€,232.1 and 17.5% respectively. The
maximum level of reducing sugar was foundhumgrii, followed byaxone/akhuni, anishi
and rhujuk/bastangaThe lowest level of reducing sugar was foundsatuocie(Table
4.1).
Crude fibre content: Crude fibre was low intsutuocie (0.05g/100g) anchungrii
(2.0199/100g)) as compared to cucumber fruit (0yiRBg) andBrassica leaves
(2.889/100g). There was however, increase in tiel lef crude fiber inaxone/akhuni
(1.619/100g),anishi (12.269/100g) andhujuk/bastanga(0.27g/100g) in comparison to
its raw material, soybean see@glocasialeaves and young succulent bamboo shoots
(1.04, 10.5 and 0.179/100g respectively). The marinecontent of crude fiber was found
in anishi followed byaxone/akhuni, hungriand rhujuk/bastangaThe lowest level of
crude fiber was found itsutuocie.
pH: The pH levels ofanishi, hungriiand rhujuk/bastangawere observed to decrease
from that of its raw material (6.2, 6.2 and 6.2)pe acidic withpH value of 5.8, 5.2 and
4.7 respectively. Whileaxone/akhuniand tsutuociewere found to have increasgd
value of 8 and 8.2 respectively, from that of @s/rmaterial havingpH level of 6.8 and
6.1 respectively.
Total phenol and flavonoid content

In general, fermented foods are known for high dlasd and TPC and due to

higher content of these, fermented foods are censitito be value food for the ethnic



123

tribes. In the present study effort was made tontifiyathe total phenol content and
flavonoid content in the selected fermented food anmpare with constituent raw
materials. Results of present study shows diffeaeftPC and flavonoid content in
different fermented food products. Further, whempared with its raw materials, it was
found that in three products there was increaséP@ and in four products, there was
increase in flavonoid content compared to the rastemmals. Two products exhibited
decrease in content of TPC and one product in flambcontent. Comparison of total
phenolic and flavonoid content of the fermenteddpizts and its raw materials is given in
figure 4.2, 4.3, 4.4, 4.5 and 4.6. The data reve#hat the amount of total phenolic
content ofaxone/akhun{0.86 mg GAE/g)anishi(1.44 mg GAE/g) andhujuk/bastanga
(2.44 mg GAE/qg) were significantly higher than hetraw materials soybean seeds (0.2
mg GAE/qg), Colocasialeaves (0.88 mg GAE/g) and young succulent bangjumts
(1.52 mg GAE/g) (Figure 4.2, 4.3 and 4.4). HoweVremngrii (1.66 mg GAE/g) and
tsutuocie (0.22mg GAE/g) had relatively lower levels of phke® as compared to
Brassicaleaves (2.72 mg GAE/g) and cucumber fruit (0.4 GAE/g) (Figure 4.5 and
4.6). Out of the five fermented food products itswabserved thathujuk/bastangehad
the highest level of phenolic content, followed hyngrii, anishiandaxone/akhuniThe
lowest level of phenolic content was observetsutuocie.

Total flavonoid content imxone/akhun{0.64 mg QE/g)anishi(2.06 mg QE/qg),
rhujuk/bastanga0.62 mg QE/g) andsutuocie(0.12 mg QE/g) increased significantly
than in soybean seeds (0.46 mg QE/plocasialeaves (0.66 mg QE/g), young
succulent bamboo shoots (0.36 mg QE/g) and cucuifib@28 mg QE/g) (Figure 4.2,
4.3, 4.4 and 4.6)Hungrii (0.76 mg QE/g) had lower level of flavonoid as @amred to
brassica leaves (1.08 mg QE/g) (Figure 4.5). Ouheffive fermented food products it

was observed thanishi had the highest level of flavonoid content, folehbyhungrii,
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axone/akhunandrhujuk/bastangaThe lowest level of flavonoid content was obsemved
tsutuocie.
Antioxidant activity

Fermented foods are known to be rich in pharmacgutompounds due to
higher antioxidant activity, presence of higher TR@enols etc. Comparison of total
antioxidant activity of the fermented products atsdraw materials is given in table 4.2
and figure 4.7. Free radical scavenging activityD®PH radical was expressed as IC50
value (the concentration required to scavenge 50®RPH). By increasing the plant
extract concentration there was a correspondingiregdus increase in scavenging
activity. The free radical scavenging activityaxfone/akhun{98.79 pg/ml)anishi(60.2
pg/ml) andrhujuk/bastanga(92.85 pg/ml) was higher than in soybean seeds.7b86
pg/ml), colocasia leaves (100.9 pg/ml) and young succubamiboo shoots (112.3
pg/ml). However, the free radical scavenging astivof hungrii (73.3 pg/ml) and
tsutuocie (219.3 pg/ml) were lower compared to brassica dea(65.7 pg/ml) and
cucumber fruit (120 pg/ml). Maximum antioxidant ety was recorded inanishi
followed byhungrii, rhujuk/bastangaandaxone/akhuniLowest antioxidant activity was
recorded irtsutuocig(Table 4.2 and Figure 4.7).

The results obtained in the present study revedhed the fermented food
products axone/akhuni, anishi, hungréindrhujuk/bastangaare highly nutritious and are
good source of anitioxidants, thus they can be wmes not only as food but also as
curative. Howevertsutuociewas found to be less nutritious but can still basuimed as

a condiment to add flavour and aroma to otherwigadfood.
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Figure 4.3: Total phenol and flavonoid contents @olocasialeaves and its fermented

product Anishj



127

22 TFC mg QUR/g
25 E=—1TPC mg GAE/g
2.0 H
1.5
1.0 4
: 7
0.5 S . . .
o 7 7 /
Bamboo shoot Rhujuk/Bastanga
Figure - 4.4

Figure 4.4: Total phenol and flavonoid contents in bamboo shaotd its fermented
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Table 4.2: DPPH IC50 values of fermented productsni comparison to its
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raw

materials
Raw materials DPPH IC50 Fermented DPPH IC50
(ng/ml) product (ug/ml)
Soybean seeds 186.75 | Axone/akhuni 98.79
Colocasialeaves 100.9 Anishi 60.2
Brassicaleaves 65.7 Hungrii 73.3
Bamboo shoot 112.3 Rhujuk/Bastanga 92.85
Cucumber 120.8 Tsutuocie 219.32
Trolox 4250

Data represent mean of three replicates.
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Discussion

It is a well known fact that during fermentatioropess there are many biological
changes including involvement of microbes, bioclmhireactions which leads to
changing the biochemical constituents of a paiicuhw material. These changes alter
the texture, aroma of fermented food and add mutat values to the fermented foods. In
Nagaland, even though fermented foods form an iatggart of dailyNaga diet, its
nutritional attributes are still not documented atutied. This present investigation thus
puts some light on the proximate composition ad a&khe antioxidant content of some
major fermented foods of Nagaland so as to popmdatihese products as nutritional
support to the region for health improvement.

Legumes are the main source of nutrients for tiathli complementary foods in
developing countries. Legumes such as soybean rageob the richest and cheapest
sources of plant protein that can be good substitot animal products (Tufa et al.,
2016). Legumes are also rich in micronutrients; éwav, the availability of those
nutrients is usually low due to the presence oinafritional factors such as phytic acid
and tannins. Fermentation and soaking are simpt#tional processing treatments that
decrease the level of antinutrients in legumesiaci@ase the nutrients content of the diet
(wuoha and Eke, 1996). The qualitative and quainie composition of soybean
components is dramatically changed by physical angymatic processes during the
preparation of soy-based foods (Kwon et al.,, 20I)e large protein, lipid, and
carbohydrate molecules in raw soybean are brokemdxy enzymatic hydrolysis during
fermentation to small molecules such as peptidesna acids, fatty acids, and sugars,
which are responsible for the unique sensory antttional properties of the final
products (Fabiyi, 2006). The antioxidant activifyffermented soybean has been reported

due to presence of polyphenols and phytocheminasya fermented foods (Yang et al.,
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2000; Amadou et al., 2009; Chonkeeree et al., 2@&jides antioxidant, soybean is also
known for rich isoflavones and phenolic compoundsl ancrease further during
fermentation (Samruan et al., 2012; Moktan et24108). Soya isoflavones like genistein
and daidzein have been reported to have inhibiedfgct on the breakage of DNA
induced by hydrogen peroxide (Kim et al., 2008)e Health benefits of fermented soy
foods have been attributed to the antioxidant a@pacf particular compounds
structurally modified or released after bacteriadidolysis (Hubert et al., 2008).
Preservation of perishable and seasonal vegetab&dsence of refrigeration and
freezing is an age old practice. These preservadeigted vegetables are consumed
during the long monsoon season, when fresh vegstaye not available (Tamang and
Tamang, 2009). Fermented fruits and vegetablesatortbxins and antinutritional
compounds, which can be removed or detoxified leyattion of microorganisms during
fermentation process (Smith and Eyzaguirre, 200g fermentation of vegetables is
hard to control, due to its variations in shapeesand type of naturally occurring
microorganisms, leading to variability in their nanht content (Buckenhuskes, 1993).
Bioreaction in vegetable fermentation normally ilweominor changes in both nutrients
and other physiochemical properties of vegetabl{@sanges in vegetable nutrients
include increasing free amino acids, improvement grotein digestibility and
development of desirable flavour and colours (erme et al., 2017). Phenolic
compounds are components in vegetables that aeetlgirrelated to food flavour,
astringency and colour when degraded by microosgasi The presence of phenolic
compounds in the diet may benefit host health bexaof their chemo preventive
activities against carcinogenesis and mutagenBsidr{guez et al., 2009). In Nagaland,
agriculture being the main occupation, preservatadnperishable crops has been

practiced since time immemorial. It not only cobtries to the dietary intake but also
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improves safety, quality and availability of fooddagenerates income to the rural people.
Sun-drying and fermentation are the two importaaditional techniques undertaken for
the processing of vegetables. The vegetable basethted food products taken up for
this present investigatiowiz. anishi, hungrii, rhujuk/bastangaand tsutuocie showed
variations in their proximate composition. Fermenproducts likeanishi, hungriiand
rhujuk/bastangavere found to be good source of protenishiandhungrii were found
to be good source of crude fiber aaagshi, hungriiandrhujuk/bastangavere found to
contain fairly good amount of phenol and flavoncthdering them to have antioxidant
ability. The fermented produdsutuociewas found to be less nutritious than the other
products.
Proximate composition

Moisture content is the quantity of water contaimed material. The amount of
moisture (water) in the food has an important efice on the calorific value and defines
the shelf life. Water is an essential compound a@nynfoods (Ellaiah et al., 2002).
Moisture content ofixone/akhuniincreased considerably from 11.2% to that of 50%,
when compared to its raw material, due to the amdiof water during cooking and
washing of the cotyledon (Omadara and Olowomofel520 Previous studies also
showed similar results in other soybean based fatedeproducts likehua nao of
Thailand having moisture content of 57.22-64.78%nuKeatirote, 2015); soyu of
Africa having moisture content of 59% (Omadara &ldwomofe, 2015)kinema of
Nepal having moisture content of 62% and in rawbsayn having 10.8% respectively
(Sarkar et al.,, 1994; Tamang, 201@gwaijar of Manipur having 60% of moisture
content (Premarani and Chhetry, 2011; Keishing &ashu, 2013);tungrymbai of
Meghalaya having 60% of moisture content (Agrahamdkar and Subbulakshmi,

2006) andbekangof Mizoram having 63.5% of moisture content (Tagnabal., 2012).
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Moisture content o&nishi(3.8%) andhungrii (5.2%)were low in comparisoto
its raw material, as they were baked or dried dftementation, other vegetable based
fermented products also showed low moisture corgiecth agundrukandsinki of Nepal
having 15% and 22.8% respectively (Tamang et 812 While, Moisture content of
rhujuk/bastangg90%) andsutiiocie(92%) had high moisture content this may be due to
addition of water during its preparation (Tamangakt 2009). Bamboo shoot based
fermented products likenesuof Nepal, soibumof Manipur andekungof Arunachal
Pradesh also showed high moisture content of 89924 % and 94.7% respectively
(Tamang et al., 2012; Sonar et al., 2015).

Protein is used for building and repairing of bdigsues, regulation of body
processes and formation of enzymes and hormonetiis also aid in the formation of
antibodies that enable the body to fight infecti®ioteins serve as a major energy
supplier (Brosnan, 2003). Protein deficiency is important cause since protein is
essential for both growth and maintenance of mus@ss (Elango and Laviano., 2017).
During fermentation protein content of food as aolghchanges, as they are either
hydrolyzed into their component amino acids, sonfewbich gets absorbed and
converted to microbial protein, whereas some aed ugp in secondary metabolism
(Paredes-Lopez et al., 1988). In the present spudiein content ohxone/akhuniwas
42.1 g/100g, which was found to increase just Higgfrom its raw material soybean
seeds having 41.8 g/100g respectively. Increasesoi@in content during fermentation,
may be due to the proteolytic activities of enzymesduced by microorganisms which
increases the bioavailability of amino aci@anjukta and Rai, 2016%everal studies
indicated the increase in protein content of sogbbased fermented products as
compared to its raw material such ahawaijar, the protein content was 43.8%, which

increased from soybean having 35% respectivelystiieg and Banu, 2013)yngrymbai



136

contained 45.9 @g/100g of protein as compared t®2giBOOg in the unfermented
counterpart (Agrahar-Murugkar and Subbulakshmi620protein content ikinemawas
reported to be 47.7g/100g, which increased sligintign raw soybean having 47.1g/100g
of protein respectively (Sarkar et al., 1994; Tagat al., 2012); soyu contained
45.53% of protein as compared to the unfermentgtesn which contained 43.34% of
protein respectively (Omodara and Olowomofe, 201Gkungkookjang a popular
fermented soybean paste in Korea, has been coedider be more healthful than
soybeans, which increased from 37.2% to 41.3% osispéy (Kwak et al., 2007)thua
nao contained 38.94-42.06% of protein (Dajanta et24l12).

In the present study the protein contenaiishi prepared fronColocasialeaves
and hungrii, prepared fronBrassicaleaves were found to be 34.19 g/100g and 34.07
0/100g which significantly increased from its rawaterial having 20.64 g/100g and
23.34 g/100g respectively. The higher percentageaikin in the fermented product may
be due to reduction of carbohydrate content ofuthfermented samplé®guntoyinbo et
al., 2016).The protein content in other leaf based fermentsmtiyct like gundruk
prepared from mustardayo-sag (local brassica leaves) and cauliflower leaves was
reported to be 37.4% respectively. Another prodgtang prepared from leaves of local
brassica species of Nepal was reported to con@abf/@ of protein respectively (Tamang,
2010).

Bamboo shoots are known as “wild or forest vegetahd are consumed either
in their fresh form or dried, fermented or pickladd canned (Choudhury et al., 2011,
Sonar et al.,, 2015). The protein content rbfijuk/bastanga prepared from young
succulent bamboo shoots was found to contain 30180g, which decreased from its
raw material having 33.099/100g of protein respetyi The reduction in protein content

may be due to the denaturation of protein duringhéntation (Bajwa et al., 2016). A
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similar result was reported ikhorisg a bamboo shoot based fermented product of
Assam, where the protein content was lower thamats material (3.78% to 2.40%)
(Chakrabarty et al., 2014). Choudhurt et al. (204tLidied on the nutritional value of
bamboo shoot based fermented food products andrv@oselecrease in the protein
content in the fermented product compared to s maaterial (3.108 g/100g to 2.170
g/100g). However, Agrahar-Murugkar and Subbulaks(20D6), found enhancement of
protein content idungsiej a fermented bamboo shoot product of Meghalayan {829
g/100g to 8.5 g/100g respectively. Tamang (201Ppmed the protein content in the
various bamboo shoot based fermented productseoHimalayan regionsiz. ekung,
eup, hirring, mesu, soiburand soidonto be 30.1%, 33.6%, 33.0%, 27.0%, 36.3% and
37.2% respectively. Sonar et al. (2015) also iteyloon the protein content of fermented
bamboo shoot products of North East, India eizp, soibum, hecche, hirring, soidand
ekungto be 19.53%, 23.61%, 27.55%, 25.57%, 20.65% andl24 respectively and the
presence of 27.8% of protein in fresh bamboo shoots

In the present study the protein contenttsotuocie prepared from ripened
cucumber fruits were low compared to its raw matefiom 6.7g /100g to 3.2g /100g
respectively. During its preparation salt is noded so it differs from the pickled
cucumber popularly consumed and produced aroundvdril. Khalpi, is also a non-
salted fermented cucumber based product of Nemahéhg, 2010) but its processing
method completely differs from that ¢sutuocie Tamang (2010) reported the protein
content inkhalpi, to be 12.3% respectively.

Reducing sugars like glucose plays a very impontalet during fermentation as
the microorganisms utilize them to undergo ferm@ma(Singh et al., 2011). Reducing
sugars are also responsible for the change indlmeicand taste of the food as the free

aldehyde or ketone group which reacts chemicallydbgating an electron to another
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molecule and cause alteration. In the present stinelyeducing sugar iaxone/akhuni
increased after fermentation from 27.6 to 29.7%see8Bvely. The increase may be due to
increase in the activity of native or microbial dases which hydrolyses starch to sugars
(Senthilkumar, et al., 2012). Similar report wasoateen irhawaijar, where reducing
sugars increased as compared to soybean from d.3A% respectively (Keishing and
Banu, 2013). Omafuvbe et al. (2000) reported thatesd of reducing sugars in soy-
daddawato be 5.06 mg/g. Dajanta et al. (2012) also regbthe reducing sugars tinua
naoto be in the range of 2.70-7.74%.

The reducing sugars ihungrii and tsutuociewere also found to increase as
compared to its raw material. However, the reducisggars in anishi and
rhujuk/bastangadecreased as compared to its counterpart. Thetredun the reducing
sugar content of fermented product could be asaltref the utilization of some of the
sugars by fermenting organisms for growth and nadiabactivities (Nongdam and
Tikendra, 2014). Singh et al. (2011) reported aysltansistent decrease in the level of
reducing sugars in two varieties sbibum from 1.47 to 0.62 g/100g and 3.16 to 1.2
g/100g respectively.

Studies have indicated that components of planth sas dietary fibre have
beneficial effects in lowering blood cholesteroldés aside from the decreased intake of
saturated fat and cholesterol that occurs with Inggikes of plant foods (Ekumankama,
2008).Fibre cleanses the digestive tract, by removingemal carcinogens from the
body and prevents the absorption of excess chobésténally fiber binds to cancer-
causing chemicals, keeping them away from the deliag the colon, providing yet
another line of protection from colon cancer (B$sa@d Ukpong, 2014). In the present
study the crude fiber content @xone/akhuniwas found to be 1.605g/100g, which

increased from soybean seeds having 1.035¢g/100hikg and Banu (2013) also



139

reported the increase in crude fiber from 3.51%.66% inhawaijar as compared to
soybean. However, Omadara and Olowomofe (2015)rtegalecrease in the level of
crude fiber in soyru from 5.63% to 4.54% in the unfermented soybear. drade fibre
content insufuwas reported to be in the range of 0.2-1.5% (ChamdjHan, 2013); in
thua naoit was reported to be in the range of 2.70-7.7D4jgnta et al., 2012) and in
tungrymbaiit was reported to be 12.89/100g (Agrahar-Murug&ad Subbulakshmi,

2006).

The crude fibre content irhujuk/bastangaincreased from its raw material i.e.
from 0.172 to 0.265 g/100g respectively. The criidee in other bamboo shoot based
fermented products had wide variations in comparigath the results in the present
study, which may be due to the different bamboociggeused and also on their
conditions of growth (Chandramouli and Viswanat®1%). Nongdam and Tikendra
(2014) studied the nutrient composition in diffarebamboo species such as
Dendrocalamus strictus, Dendrocalamus asper, BambuggarisandBambusa nutans,
and the crude fibre content in its raw form wasoregd as 0.98 g/100g, 0.70 g/100g, 0.70
0/100g and 0.76 g/100g respectively. They alsortedahe fibre content in one of the
fermented bamboo shoot species, which was founidet®.21 g/100g. Other bamboo
shoot based fermented products in North East, Im¢ha studied for its nutritional
attributes and the crude fiber content was repateeup6.69%;hecchel8.66%;hirring
25.88%; soidon 20.65%; ekung 24.62% andsoibum?23.61% (Sonar et al., 2015). The
crude fibre content isoibumas reported by Singh et al. (2011) was in the @afd.35-
0.60 g/100g. Choudhury et al. (2011) reported ttessgnce of crude fibre in processed

bamboo shoots to be 1.8 g/100g.

Crude fibre is naturally present in vegetables @gredamount and composition of

fibres differ from food to food (Rodriguez et &Q06). Several non-starch foods provide
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upto 20-35 g of fibre per 100 g dry weight and ghosntaining starch about 10 g per 100
g of dry weight; and the content of fibre of fruésd vegetables is 1.5-2.5 g per 100 g of
dry weight (Selvendran and Robertson, 1994). Inpghesent study the crude fiber in
anishiwas found to be 12.26 g/100g, which when comp&oetie above data seems to
contain high amount of fibre. Crude fibrehangrii was also found to be 1.02 g/100g,
which decreased from its raw material having 2.880Qg, asBrassicaleaves are
considered to have high amount of fibre contentpf@wand Wagle, 1988). The crude
fibre content in cucumber was relatively low andetreased further after fermentation in
tsutuocie The reduction of crude fibre content in diet ntigle due to enzymatic
degradation of the fibrous material during ferméata(Tufa et al., 2016).

During fermentation, optimgdH conditions are needed to be maintained for the
microorganisms to act for enzymatic degradationtha anti-nutritional factors or to
hydrolyze complex polyphenols into much simpler aative polyphenols (Cheng and
Han, 2013). In the present study thid of axone/akhuniandtsutuocieincreased after
fermentation, from 6.8 to 8 imxone/akhuniand from 6.5 to 8.2 respectively. The
increase irpH that led to decrease in acidity of the fermergeatiucts can be attributed
to the proteolysis and the release of ammonia giraleaminase activity (Odunfa and
Oyeyiola, 1985). Similar result was also observekinema with pH increasing from 6.7
to 7.9 (Sarkar et al., 1994; Tamang, 2010). Geregral. (2011) also reported the increase
of pH from 6.0 to 8.6 irhawaijar. Tamang et al. (2012) also reporteehgrymbiaand
bekangto be alkaline in nature with pH of 7.6 and 7.1 respectively. Dajanta et al.
(2012) reported the alkaliqgH of Thua Nao(7.08-8.25)o be a typical characteristic of
the product resulting from the basis end componesp&cially ammonia via proteolysis

of fermented organisms in soybean.



141

The fermented vegetable based prodacishi, hungriiandrhujuk/bastangahad
pH of 5.8, 5.2 and 4.7 respectively, which may bee do acids produced by
microorganisms during fermentation preventing theowgh of contaminating
microorganisms (Breidt et al., 2013). Similar réswere observed igoyang, gundruk,
sinki andkhalpi with pH of 6.5, 5.0, 4.1 and 3.9 respectively (Tamand,(30Bamboo
shoot based fermented products liep, soibum, hirring, soidon, hecclaad ekung,
were also reported to hayel of 3.9, 4.3, 4.3, 5.3, 4.2 and 4 respectivelyngcet al.,
2015).

The variation in the levels of proximate compositaf foods after fermentation
may be influenced by various factors like the ddfe varieties of raw material used or
the influence of environmental factors and alsotloe conditions involved during its
processing (Fernandes et al., 2016).

Total phenolic and flavonoid content

Bioactive compounds are found naturally in mostnfdaand the majority of
natural antioxidants are phenols and flavonoidsghHintake of these compounds
endowed with antioxidant and anti-inflammatory atyi may have positive impact on
human health, especially in the prevention of caaoel inflammatory diseases (Pisoschi
and Negulescu, 2011). Depending on the pH and textye conditions, a fermentation
process may dramatically modify the content and dbmposition of these bioactive
compounds (Mathias et al., 2006). In soybeans, @lecompounds are one of the major
groups of compounds acting as a primary antioxidaftee radical scavenger (Shahidi et
al., 1992). In the present study the total phenatid flavonoid content aixone/akhuni
were found to be 0.86mg GAE/g and 0.64 mg GAE/geetvely (Moktan et al., 2008)
reported the total phenolic contentkimema having 3.386mg GAE/g, which was much

higher than the value reported in the present st@ihpnkeeree et al. (2013) reported
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increase in total phenolic content in the driednfented soybean product than that of the
non-fermented soybean extract as reported in tesept study. Shon et al. (2007)
reported the increase in the total polyphenol dutire 3-day fermentation to 22.19mg/g
of dry weight and 8.81mg/g of dry weight @hungkookjangand steamed soybeans,
respectively. The total pehonlic and flavonoid ewtin anishi (1.44mg GAE/g and
2.06mg QE/g) and rhujuk/bastanag (2.44mg GAE/g and 0.62mg QE/g)were
significantly higher than in the raw materials. 8oat al. (2015) reported the presence of
total phenolic and flavonoid content in fermentaaniboo shoots of North East, India and
the highest phenolic content was observedeup (920 ug/g), whereas, the lowest
phenolic content (718.03 pg/g) was observedsaidon The highest total flavonoid
content was observed ihirring (308.72 pg/g) and lowest ieup (568.54 ug/g).
Fermentation have been reported to increase theopbeand flavonoid content by
inducing structural breakdown of the substrate well leading to release of bioactive in
plant based functional foods (lbrahim et al., 2014dwever, the total phenolic and
flavonoid content irhungrii (1.66 mg GAE/g and 0.76 mg QE/g), decreased ftemaiv
material. The total polyphenol contentlaichi prepared from mustard leaves showed
69.67-122.67 mg GAE/100e&xtract and the total flavonoid of 76.0-82.33 mg/10B g
extract content during 24 days of fermentation @hal., 2017). The total flavonoid
content of cabbagkimchi extract fermented for 5 and 24 days increasedugithdfrom
4.1-6.5 mg QE/g extract on day 0 to 11.7-12.6 m¢g@&tract on day 24 (Jung et al.,
2016). The total phenolic and flavonoid contentsatiiocie(0.22mg GAE/g and 0.1mg
QE/g) had relatively lower levels of phenolics asnpared to its counterpart, the reason
for the decrease in the level of bioactive compesumay be due to strengthening of plant

cell walls into lignans and lignins by polymerisati(\Wu et al., 2011).
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Antioxidant activity

Antioxidants are substances which inhibits or dedaydative processes which
occur due to influence of atmospheric oxygen octrea oxygen species (Pisoschi and
Negulescu, 2011). During fermentation, bacteriayeme transforms organic substances
into simpler compounds such as peptides, amincauid other nitrogenous compounds
which not only contribute to the flavour and aroofahe fermented products but some
exhibit antioxidant capacity (Joshi and Biswas, $0Higher the content of phenolic
substances with antioxidant ability, the greatex Htavenging activity (Nicoli et al.,
1999). The assay of the scavenging of DPPH radscalrapid, simple and inexpensive
method widely used to evaluate the antioxidant ciéypeof extracts from different
sources. Unlike other free radicals such as thedxytl radical and superoxide anion,
DPPH has the advantage of being unaffected byioeside reactions, such as metal ion
chelation and enzyme inhibition (Shekhar and ABf2d4). The essence of DPPH assay
is that the antioxidant react with the stable fradical 1,1-Diphenyl-2-picrylhydrazyl
(deep violet colour) and converts it to 1,1-Diphebypicrylhydrazine with a yellow
colour. The degree of discoloration indicates thavenging potential of the sample
antioxidant resulting in a decrease in absorbancgl@d nm (Pisoschi and Negulescu,
2011). Free radical scavenging activity for DPPHical was expressed as IC50 value
(the concentration required to scavenge 50% of DPHHe free radical scavenging
activity of axone/akhuniwas found to be 98.79 pg/ml, which increased fitsnraw
material soybean seeds having 186.75 pg/ml. Tta émtioxidant effect of collected
axone/akhunisamples in this study are weaker than the inhibitddfects that were
reported inthuo nao(Dajanta et al., 2013 ChungkukjangShon et al., 2007) andoji

(Lee et al., 2007).
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The free radical scavenging activity amishi (60.2 pg/ml) andhujuk/bastanga
(92.85 pg/ml) were higher than in colocasia leadé¥.9 pg/ml) and young succulent
bamboo shoots (112.3 ug/ml). However, the freeceddicavenging activity dutuocie
(219.3 pg/ml) was lower compared to cucumber ffL20 pg/ml). Sonar et al. (2015)
reported the increase in antioxidant activity afirfented bamboo shoots with time in
fermentation. Diverse fermentation processes oinéeted bamboo shoots and their
method of preparation could contribute for the biglantioxidant activity. Oh et al.
(2017) reported that duringimchi manufacturing process the antioxidant components
contained in leaf mustard were degraded, similarlghe present studiungrii (73.3
pa/ml) had lower antioxidant activity than brassicastard leaves (65.7 pug/ml).

The antioxidant activity of the fermented producthowed a significant
correlation between the concentration of phenampgounds and the scavenging activity
of DPPH. It may not only depend on the concentratib phenolic compounds but also
on the kind of phenolic compounds which varies wite degree of hydroxylation and
polymerisation (Yadav et al., 2016). Microorganistiusing fermentation are exposed to
oxidative stress making the cells evolve protectiwechanisms involving enzymatic
antioxidation, which may contribute to the anticatigte effect of fermentation (Hur et al.,
2014). High antioxidant activity might be due tormentation process and also
biochemical changes that could promote bindingietiady fiber to polyphenols followed
by decomposition into free phenolic compounds (Algpodion and Dongo, 2010.).
Diverse fermentation processes and their methodpreparation could alter the
availability of antioxidant activity in the diffen¢ fermented product (Sonar et al., 2015).
Summary and Conclusion

Food composition data are necessary to be consdideoen a Nutritionist’s

viewpoint. It provides valuable information of ntitre value of the food products. In
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addition, these data can be used as nutritionatlatd or as the basis recommendation
for Government’s health policy. Thus, this chamgteals with the nutritional analysis of
five major fermented food products of Nagaland, iaxone/akhuni, anishi, hungrii,
rhujuk/bastangaand tsutuocie,in comparison to its raw materials. In the proxena
analysis,axone/akhunitsutuocieand rhujuk/bastangahad higher levels of moisture as
compared to its raw materials. The protein contergxone/akhuni, anishand hungrii,
increased from that of its raw material. The petaga of reducing sugars increased in
axone/akhuni, hungriand tsutuociein comparison to the raw material. The crude fibre
content inaxone/akhuni, anishand rhujuk/bastangaincreased from that of the raw
material. Anishi hungrii and rhujuk/bastangahad low pH and were acidic in nature,
while axone/akhunandtsutuociewere found to be alkaline in nature with higH. The
total phenolic content iaxone/akhuni, anishand rhujuk/bastangajncreased from that
of its raw material. The total flavonoid contentaxnone/akhuni, anishi, rhujuk/bastanga
and tsutuocie, increased compared to its raw material. Antioxidactivity of
axone/akhuni, anistandrhujuk/bastangawere found to be higher than its raw material.
Result from this study demonstrates that most@féhmented food products were rich in
nutrients in comparison to its raw material andsththeir proper utilization, exploitation
and conservation is of utmost importance. Howeweisutuociethe levels of some major
nutrients tend to decline, which may be due torthwire of the fermentation technique
leading to natural leaching of some solubilised ponents (Paredes-Lopez and Harry,
1988). Fermented producExone/akhuni, anishihungrii and rhujuk/bastangawere
found to be good source of proteaxone/akhuni, anisrandhungrii had good amount of
crude fiber;axone/akhuni, anishandrhujuk/bastangavere found to be good source of
total phenolic and flavonoid content, thus havinighhlevels of antioxidant activity.

Therefore, it can be concluded that fermentatiofpshen the improvement of the



146

nutritional profile of these fermented products,iahhcan contribute to the dietary status
of consumers, leading to improvement in producteptability (Oguntoyinbo et al.,

2016). Increasing health awareness among the hymopmlation is creating a genuine
need for adopting a nutritionally complete customde diet, taking into account
convenience, cost, taste and availability in thedfomarket (Chandramouli and
Viswanath, 2015). Studied fermented products ateapeutically important and offer a
role to play in service of society as a potent@alirse of nutritional and nutraceutical
components. Hence, there is a need to improvisguhbty of these fermented foods for
commercialization and human consumption, which sedbe taken up in the near

future.
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Chapter - 5

Summary and Conclusion

Food is one of the basic needs of man. Consumptidnod besides satisfying
hunger and promoting growth and energy to the bedpances friendliness and social
warmth. Community food security is a strategy foswing secure access to adequate
amounts of safe, nutritious, culturally appropriéwed for everyone, produced in an
environmentally sustainable way, and provided maaner that promotes human dignity.
Every society or group has its own conception aidf@nd own history of food habits,
rather indigenous, which shape their food cultfeod is strongly connected to the
culture of a community and provides it with a distiidentity. Fermentation is one of the
oldest methods of food preservation in the words Ithe transformation of the simple
raw materials into value added products by micranigms or their enzymes on various
substrates. Traditional or indigenous fermentedd$oare those popular products that
since early history have formed an integral pathefdiet and that can be prepared in the
household or in cottage industry using relativéhye techniques and equipment.

The major objective of this study was to documerdigenous knowledge of

ethnic people of Nagaland on production of soméhefpopularly consumed fermented
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food products. Beside this, the other objective twagnalyse the nutritional value and to
isolate, characterise and identify the dominantromgganisms of five fermented food
productsviz., axone/akhunanishi, hungrii, rhujuk/bastangandtsutuocie

During the study, survey was conducted in differesgions in Nagaland and
various indigenously prepared fermented foods amedetages of Nagaland were
documented based on personal observation and imeyvwith the local people
(producers). Nagaland inhabited by diverse tribal communitiesdpices varieties of
fermented foods and beverages. The fermented foodupts produced by the ethnic
people using their native knowledge of preservatbperishable raw materials without
using starter culture and chemicals, was found lahlow-cost ethnic foods and
beneficial for socio-cultural upliftment of the pg#e. Most of the fermented food and
beverages in Nagaland are associated with a plartitibe and in a way give a cultural
identification value for communities through itsotb The different types of traditional
fermented foods and beverages of this state amguenirom the other states and the
people of this state have preserved the tasteefonentation products and processes for
the production of fermented foods from generati@ms The fermented foods and
beverages documented in this study arthq axone/akhunianishi Jang kap hungrii,
rhujuk/bastanga jangpangngatsu tsutuocie fermented pork fat and fermented fruit
beverages. These fermented food products form g@ortant component of the staple
diet of the people in Nagaland.

A total of 25 samples o&xone/akhunianishi hungrii, rhujuk/bastangaand
tsutuocie were analyzed for their microbial population. laxone/akhuni and
rhujuk/bastanga the total viable microbial load was in the rangie 10’ cfu mr™.
However, inanishi hungrii andtsutuocie the total viable microbial load was low in the

range of 16cfu mrt, which may be due to the pre or post fermentatieatment of
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drying and addition of water creating an environtmsumtable for the growth of only
particular microorganisms. No yeast or moulds waetected in any of the samples. On
the basis of a combination of phenotypic and geriotgharacterizatiorBacillus species
was found to be the most dominant microorganisnsemein almost all the fermented
food products studied for its microbial population.

The different groups of microorganisms were idéedifoy sequencing the partial
16S rRNA and comparing their sequence data to segsdisted in the NCBI database.
In axone/akhuni the identified Bacillus species wereBacillus subtilis Bacillus
licheniformis and Bacillus cereusfollowed by Staphylococcuspecies and\caligenes
faecalis Pathogenic bacteria likBacillus cereus Staphylococcusp. andAlcaligenes
faecalis were detected in few samples, which might havenbe¢roduced during
handling of raw materials during the preparatioocpss. Iranishi the identifiedBacillus
species werdacillus subtilis Bacillus licheniformisand Bacillus pumilis followed by
Enterococcus faecalidn hungrii, the identifiedBacillus species wer&acillus subtilis
Bacillus licheniformis Bacillus pumilis and Bacillus amyloliquefaceins. In
rhujuk/bastanga the identified Bacillus species wereBacillus subtilis Bacillus
licheniformis and Bacillus amyloliquefaceinsfollowed by Staphylococcuspecies. In
tsutuocie the identifiedBacillus species werBacillus subtilis Bacillus licheniformisand
Bacillus pumilis.

Many fermented foods are now receiving world attenfor their health-promoting
or disease-preventing effectfhe nutritional composition of ethnic fermented deo
showed the nutritional value essential for locabgde in their diet.The same group of
fermented productse., axone/akhunianishi hungrii, rhujuk/bastangandtsutuociehave
been evaluated for nutritional components whichluged estimation of moisture,

protein, reducing sugars, crude fibre, total pheswitent, total flavonoid content and
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antioxidant activity.Axone/akhuniandtsutuociehad higher moisture than its substrate.
The respective contents of protein, reducing sugadscrude fibre imxone/akhunwere
higher than those of the raw material.tdutuocie protein, reducing sugars and crude
fibre content decreased from that of its raw mateAxone/akhuniandtsutuociewere
found to be alkaline in nature withpd of 8.0 and 8.2Anishi and hungrii had lower
moisture than its substrates. The fermentatioBabcasiaandBrassicaleaves caused a
decrease irpH (5.8 and 5.2). In the fermented prodactishi, protein and crude fibre
content increased but the reducing sugars decré¢hardhat of its substrate. hungrii,
the protein content and reducing sugars increasédhe crude fibre decreased than its
substrateRhujuk/bastangavas acidic (4.7) and had higher moisture contiea tits raw
material. While the content of crude fibre iujuk/bastangawas significantly higher
than those of its substrate, the protein contedtraducing sugars of the substrate was
higher than those of the product.

Total phenol content and total flavonoid content tire fermented product
axone/anishi anishi and rhujuk/bastangaincreased in comparison to its raw material,
thus increasing the DPPH-scavenging activity of feemented products than its
substrates. Inhungrii and tsutuoci¢ the DPPH-scavenging activity decreased as
compared to its raw material due to low contertotdl phenol and total flavonoid in the
fermented products. Proximate composition and zilamts are found to be in
substantial amount in most of the fermented fooadpcts evaluated presently. Hence
studied species are nutraceutically important dfetoa role to play in service of society
as a potential source of nutritional components.

Conclusion
In the present study documentation of some popelanented food was done

along with nutritional analysis. The dominant marganisms present in these fermented
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foods were identified based on morphological andecwar markers. The findings of the

present study will help in popularizing these ethimods at larger platform/market. In

the present study few microbes were isolated whiehconsidered to be undesired in
foods. Presence of contaminants in the fermenteduyats may be due to poor techniques
of manufacture or contamination of the product fraash water, equipment and other
sources during the processing products. Henceghigpractices must be taught to the
persons involved in handling and processing ofdh@®ducts. Further, more detailed
investigation on the microorganisms and their molthe nutrition and health value of the
food is needed. Also, starter cultures with desiredroorganisms are required to

accelerate the fermentation process as well ampoove the quality of the fermented

product.
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Appendix - |

Biochemical Analysis Reagents

Phosphate Buffer(0.1 M)

NaH,PO, 319

NapgHP Oy 109g¢g

Distilled water 1000ml

pH 7
Lowry’'s Reagent

Reagent A

NaCOs 2049

NaOH 49

Distilled water 1000 ml

Reagent B

CusQ 109

KNaCsH4Os: 4H,0 10g

Distilled water 1000 ml

Reagent C- Folin-ciocalteau

NaWO, 2H,0 100 g

NaMoO, 2H,0 259

Distilled water 700 ml

H3sPOy 50 mi

Li, SO 150 g

Liquid bromine 4-5irops

Contd...




Dinitrosalicyclic Acid Reagent (DNS Reagent)
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DNS 1g
Phenol 200 mg
Sodium Sulphite 50 mg
NaOH 19
Distilled water 100 ml

40% Rochelle salt solution

KNaC4H406, 4H,0O

409

Distilled water

100 ml
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Appendix - Il
Microbiology Reagents

Crystal violet

Crystal violet 109
Absolute alcohol 100 ml
Distilled water 900 ml

Dissolve the dye in the alcohol, filter and add evatCrystal violet is used at the
concentrations of 0.5 — 2%.

Gram'’s iodine

lodine lg

Potassium iodide 29

Distilled water 30 ml
Safranin

Safranin saturated alcohol solution
1. 2.5 g/ 100 ml of 95% alcohol - 10 ml
2. Water — 90 m|

3% Hydrogen Peroxide
H20; 39
Distilled water 100 ml

Contd...
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Media

Nutrient Media

Nutrient Agar Medium

Peptone 509
Beef extract 309
Sodium chloride 50¢g
Agar 15.0¢9
Distilled water 1000 ml
pH 6.8

Tryptone Soya Agar
Pancreatic digest of casein 1509
Digest of soybean meal 50¢g
Sodium chloride 50¢g
Agar 1509
Distilled water 1000 ml
pH 7.3

MRS Agar

Peptone 10.0g
Meat extract 10049
Glucose 20.0¢g
Yeast extract 509
Tween 80 1ml
Dipotassium hydrogen phosphate | 2.0g
Sodium acetate 5.0¢g
Triammonium citrate 20¢g
Magnesium sulphate 0.2¢g
Manganese sulphate 0.2g
Agar 15.09
Distilled water 1000 ml
pH 6.2

Contd...




Plate Count Agar
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Casein hydrolysate 50¢g
Yeast extract 25049
Dextrose 2049
Agar 150¢g
Distilled water 1000 ml
pH 7.0
Violet Red Bile Glucose Agar

Crystal violet 29
Agar 15.0¢9
Distilled water 1000 ml
pH 7.4

Potato Dextrose Agar
Potato cubes 200.0 g
Dextrose 20.0¢g
Agar 15.0¢9
Distilled water 1000 ml
pH 5.6

Yeast Malt Agar

Yeast extract 3049
Peptone 50¢g
Agar 20.0¢g
Distilled water 1000 ml
pH 5.4
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APPENDIX — 1l

Details of Microbes Isolated From Different Fermenéd Foods, Genbank Accession No. and Sequences @& tBNA

Regions

Fermented Product: Axone/Akhuni

Isolate Name

Closest related
microorganism

Genbank
Accession No.

Sequences

BJ-DEBCR-1

Staphylococcus
epidermis

KU301333

GAGGAGCTTGCTCCTCTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGAACCTACCTATAA
GACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATAATATATTGAACCGCATGGTTCAATA
GTGAAAGACGGTTTTGCTGTCACTTATAGATGGATCCGCGCCGCATTAGCAGTTGGTAAGGTAA
CGGCTTACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCATTGGAACTGAGA
CACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGBBEAAAGCCTGACG
GAGCAACGCCGCGTGAGTGATGAAGGTCTTCGGATCGTAAAACTCTGTTATAGGGAAGAACAAA
TGTGTAAGTAACTATGCACGTCTTGACGGTACCTAATCAGAAAGCCACGGUAACTACGTGCCAG
CAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTMAGCGCGCGTAGGC
GGTTTTTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATGEGAAACTGGAAAAC
TTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGCASAGATATGGAGGA
ACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGATGTGCGMGCGTGGGGATCA
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTTTAGGGGGTTTCC
GCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGICGCAAGGTTGAAA
CTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATCGAAGCAACGCG
AAGAACCTTACCAAATCTTGACATCCTCTGACCCCTCTAGAGATAGAGTTTITCCCCTTCGGGGGAC
AGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGE TAAGTCCCGCAA
CGAGCGCAACCCTTAAGCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGTGACTGCCGGTGAC
AAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGATTGGGCTACACACGTG
CTACAATGGACAATACAAAGGGCAGCGAAACCGCGAGGTCAAGCAAATCCAATAAAGTTGTTCT
CAGTTCGGATTGTAGTCTGCAACTCGACTATATGAAGCTGGAATCGCTAGRATCGTAGATCAGC
ATGCTACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACAPGAGAGTTTGTAAC
ACCCGAAGCCGGTGGAGTAACCATTTGGAGCTAGCCGTCGAAGGTGGACAATGA

BJ-DEBCR-2

Bacillus

licheniformis

KU301334

ACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGEACTTGCTCCCTGAT
GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGEATAACTCCGGGA
AACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGGTTCAATTATAARMGGTGGCTTTTAGCT
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ACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGICACCAAGGCAACG
ATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGIEZECAGACTCCTAC
GGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCACGCCGCGTGAGT
GATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACGGTTCGAATAGGGCG
GTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCGCGGTAATACGT
AGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTCTTAAGTCTGAT
GTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTABTGCAGAAGAGG
AGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACKECAGTGGCGAAGG
CGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCGAMGGATTAGATACC
CTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCTTTAGTGCTGCA
GCAAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGARAACCTTACCAGG
TCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTCCCCTTCGGGGGCAESTGACAGGTGGTG
CATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAGEGCGCAACCCTTGAT
CTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAABC
GGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGACACACGTGCTACA
ATGGGCAGAACAAAGGGCAGCGAAGCCGCGAGGCTAAGCCAATCCCACAAACTGTTCTCAGTT
CGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATC

BJ-DEBCR-3

Bacillus subtilis

KU301335

GCCAAGACTCTAATACATGCTTGTCGAGCGGACAGATGGGAGCTTGCTCCIIGATGTTAGCGGCG
GACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGAAACCGGGGCT
AATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTEGGCTACCACTTACA
GATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGEEACGATGCGTAGCC
GACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTABCGGGAGGCAGC
AGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTAGTGATGAAGGTT
TTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGEGCGGTACCTTGAC
GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAAACGTAGGTGGCAA
GCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGITGATGTGAAAGCC
CCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGABAGGAGAGTGGAA
TTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCBAGGCGACTCTCTG
GTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGRACCCTGGTAGTC
CACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGIGCAGCTAACGCA
TTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATGACGGGGGLCCCG
CACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACAGGTCTTGACATC
CTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGIGTGCATGGTTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACAUGATCTTAGTTGCC
AGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGTGGGGATGACGT
CAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACKSAACAAAGGGCAGC
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GAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGBGTCTGCAACTCGA
CTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGG

BJ-DEBCR-21

Alcaligenes
faecalis

KX364204

ATGCTTTACACATGCAAGTCGAACGGCAGCACGAGAGAGCTTGCTCTCTTGTGGCGAGTGGCGG
ACGGGTGAGTAATATATCGGAACGTGCCCAGTAGCGGGGGATAACTACTCBAAGAGTGGCTAA
TACCGCATACGCCCTACGGGGGAAAGGGGGGGATTCTTCGGAACCTCTCARTTGGAGCGGCCG
ATATCGGATTAGCTAGTTGGTGGGGTAAAGGCTCACCAAGGCAACGATCCBAGCTGGTTTGAGA
GGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGIAGCAGTGGGGAA
TTTTGGACAATGGGGGAAACCCTGATCCAGCCATCCCGCGTGTATGATGABGCCTTCGGGTTGT
AAAGTACTTTTGGCAGAGAAGAAAAGGTATCTCCTAATACGAGATACTGCTGACGGTATCTGCAG
AATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGRAGCGTTAATCGG
AATTACTGGGCGTAAAGCGTGTGTAGGCGGTTCGGAAAGAAAGATGTGAAA CCCAGGGCTCAA
CCTTGGAACTGCATTTTTAACTGCCGAGCTAGAGTATGTCAGAGGGGGGTBAATTCCACGTGTA
GCAGTGAAATGCGTAGATATGTGGAGGAATACCGATGGCGAAGGCAGCCCCTGGGATAATACT
GACGCTCAGACACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTSTCCACGCCCTAA
ACGATGTCAACTAGCTGTTGGGGCCGTTAGGCCTTAGTAGCGCAGCTAACGGTGAAGTTGACCG
CCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCGCACAAGCGGTGG
ATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGTCTGGAATGCCG
AAGAGATTTGGCAGTGCTCGCAAGAGAACCGGAACACAGGTGCTGCATGGTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGIGCTACGCAAGAG
CACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTRAGTCCTCATGGC
CCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGGACAGAGGGTCBTAACCCGCGAGGGG
GAGCCAATCTCAGAAACCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGBTGCGTGAAGTCGG
AATCGCTAGTAATCGCGGATCAGAATGTCGCGGTGAATACGTTCCCGGGTECTGTACACACCGCC
CGTCACACCATGGGAG

BJ-DEBCR-22

Bacillus cereus

KX364205

GCGGCTACGCTGGCGACGTGCCTATACATGCAAGTCGAGCGAATGGATTABAGCTTGCTCTATG
AAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACBEGGATAACTCCGG
GAAACCGGGGCTAATACCGGATAACATTTTGAACCGCATGGTTCGAAATTRAAGGCGGCTTCGG
CTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGCTCACCAAGGCAA
CGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACARICCCAGACTCCT
ACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGAACGCCGCGTGA
GTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTETAGTTGAATAAGC
TGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGITTCTTAAGTCTG
ATGTGAAAGCCCACGGCTCAA

BJ-DEBCR-24

GGCGGCGTGCTATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCGRATGTTAGCGGCGG
ACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGAAACCGGGGCTA
ATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTC&CTACCACTTACAG
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Bacillus subtilis

MF487822

ATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGKEGATGCGTAGCCG
ACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCBLGGGAGGCAGCA
GTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGBTGATGAAGGTTTT
CGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGEGGTACCTTGACGG
TACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAGTAGGTGGCAAGC
GTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCIATGTGAAAGCCCC
CGGCTCAACTGGGGAGGGTCATTGGGAACTGGGGAACTTGAGTGCAGAAABGAGAGTGGAATT
CCACGTGTAGCGGTGAAAATGCGTAGAGATGTGGAGGAACACC

BJ-DEBCR-29

Bacillus cereus

MF487826

AGCTTGGCGCGTGCTATAATGCAGTCGAGCGAATGGATTAAGAGCTTGCTTTATGAAGTTAGCG
GCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAACTCGGGAAACCGGG
GCTAATACCGGATAACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGATCGGCTGTCACTT
ATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCABGCAACGATGCGTA
GCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACCTACGGGAGGC
AGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGGTGAGTGATGAAG
GCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAA
CAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGC@ACGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATCATTGGCGTAAAGCGCGC
GCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGTCATTGGAAACTG
GGAGACTCGAGTG

BJ-DEBCR-33

Bacillus
licheniformis

MF487831

TATAATGCAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTCAGCGBEBGACGGGTGAGTAA
CACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGG@IATACCGGATGCTT
GATTGAACCGCATGGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGG
CGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCGACCTGAGAGGGT
GATCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCARGTAGGGAATCTT
CCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTITCGGATCGTAAA
ACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGAEGGTACCTAACCAG
AAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCABCGTTGTCCGGAAT
TATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCGGCTCAACCGG
GGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATCCACGTGTAGCG
GTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGTCTGTAACTGAC
GCTAAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCACGCCGTAAACG
ATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCAAACGRTTAAGCACTCCGC
CTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACAAGA
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Fermented Product: Anishi

Isolate Name

Closest related
microorganism

Genbank
Accession No.

Sequences

BJ-DEBCR-4

Bacillus
licheniformis

KU30136

TGCAAGTCGAGCGGACCGACGGGAGCTTGCTCCCTTAGGTCAGCGGCGGAGGTGAGTAACACG
TGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATBCGGATGCTTGTTT
GAACCGCATGGTTCAAACATAAAAGGTGGCTTTTCGCTACCACTTACAGATGGACCCGCGGCGCA
TTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGATIGAGAGGGTGATC
GGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTFGGAATCTTCCGCA
ATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGATCGTAAAACTCTG
TTGTTAGGGAAGAACAAGTACCGTTCGAACAGGGCGGTACCTTGACGGTACTAACCAGAAAGCC
ACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTIECCGGAATTATTGG
GCGTAAAGCGCGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCCCGATAACCGGGGAGGG
TCATTGGAAACTGGGGGAACTGAGTGCATAAGAGGAGAGTAGAATTCCACAGTAGCGGTGAATG
GCTTAGAGATGTGGATGAACACCAGT

BJ-DEBCR-6

Bacillus subtilis

KU854954

GGCTTNCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGRGTTAGCGGCGGAC
GGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAACCGGGGCTAATA
CCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCACCACTTACAGATG
GACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACKI GCGTAGCCGACC
TGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAGBSAGGCAGCAGTA
GGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTAI GAAGGTTTTCGG
ATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGACCTTGACGGTAC
CTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTEGTGGCAAGCGTTG
TCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGBEAAAGCCCCCGGCT
CAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGEBTGGAATTCCACG
TGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAACGCGBTCTCTGGTCTGTA
ACTGACTCTGAGGAGCGAAAGCGTGGGGGAGCGAACAGGATTAGATACCCBEGTAGTCCACGCC
GTAAACGATGAGTGCTAAGTGTTAGGGGGGTTTCCGCCCCCTTAGTGCTGKGCTAACGCATTAA
GCACTCCGCCCTGGGGGAGTACGGTCGCCAAAGACTGAAACTCAAAGGAATGACGGGGGLCCCG
CACAACCTTTTGAC

BJ-DEBCR-16

Enterococcus
faecalis

KU854962

TAGTACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGAGGCGGTTTCTTA
AGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGEAGACTTGAGTGCA
GAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATAGAGGBGGAACACCAGTG
GCGAAGGCGGCTCTCTCGTCTGTAACTGACGCTGAGGCTCGAAAGCGTG@EAGCAAACAGGATT
AGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTGGAGGTGTITCCGCCCTTCAGT
GCTGCAGCAAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTIAAACTCAAAGGA
ATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCABGCGAAGAACCTTA




198

CCAGGTCTTGACATCCTTTGACCACTCTAGAGATAGAGCTTTCCCTTCGGGACAAAGTGACAGGT
GGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCC@BCGAGCGCAACCCT
TATTGTTAGTTGCCATCATTTAGTTGGGCACTCTAGCGAGACTGCCGGTGBAAACCGGAGGAAG
GTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGECTACAATGGGAAG
TACAACGAGTCGCTAGACCGCGAGGTCATGCAAATCTCTTAAAGCTTCTCTAGTTCGGATTGCAG
GCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATCAGOAGCCGCGGTGAATA
CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAA@CCGAAGTCGGTGA
GGTAACCTTTTGGAGCCAGCGCGGCTCAGGNGTACC

BJ-DEBCR-17

Bacillus
licheniformis

KU854963

CTTNCNCNTCGCNANTCGTAACAAGTCGAGCGGACTGACGGGAGCTTGCTTCTTAGGTCAGCGG
CGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCGGGAAACCGGGG
CTAATACCGGATGCTTGATTGAACCGCATGGTTCAATTATAAAAGGTGGCTITTAGCTACCACTTA
CAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGCGACGATGCGTAG
CCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTTACGGGAGGCA
GCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCBSAGTGATGAAGG
TTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGA
CGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAPACGTAGGTGGCAA
GCGTTGTCCGGAATTATGGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTNATGTGAAAGCC
CCCGGCTCAACCGGGG

BJ-DEBCR-18

Bacillis
licheniformis

KU854964

CCTTTAGTGCTGCAGCAAACGCATTAAGCACTCCGCCTGGGGAGTACGGTE&CAAGACTGAAACT
CAAAAGAATTGACGGGGGCCCGCCCAAACGGTGGAGCATGTGGTTTAATTEAAGCAAAGCGAA
AAACCTTACCGGGTCTTGACATCTTCTGACAACCCTAGAGATAGGGCTTCCCTTCGGGGGCAGAG
TGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTMSTCCCGCAACGAGC
GCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACBECCGGTGACAAACCG
GAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTBACACGTGCTACAA
TGGGCAGAACAAAGGGCAGCGAAGCCGCGAGGCTAAGCCAATCCCACAAATTGTTCTCAGTTCG
GATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGATCAGCATGCCGC
GGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTGTAACACCGGAA
GTCGTAGAGGTAATCAGTNGACCAAGCTAGCGCGTAGAGTTGA

BJ-DEBCR-20

Bacillus pumilis

KX258616

GCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGAAGGGAGCTTGCTCAEGATGTTAGCGGCG
GACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGAAACCGGAGCTA
ATACCGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACGGTTTCGCTGTCACTTACAG
ATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGKEGATGCGTAGCCG
ACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCABLGGGAGGCAGCA
GTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGBTGATGAAGGTTTT
CGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCAAGAGTAACTGCTGCACCTTGACGGT
ACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACBAGGTGGCAAGCGT
TGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGRGTGAAAGCCCCCG
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GCTCAACCCGGGGAGGGTCATTGGAAACTGGGAAACTTGAGTGCAGAAGAGAGAGTGGAATTC
CACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGCGACTCTCTGGTC
TGTAACTGACGCT

BJ-DEBCR-28

Bacillus
licheniformis

MF487826

GCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGETI CATTGGAAACTG
GGGAACTTGAGTGCAAAAAAGGAAAGTGAATTTCCACGTGTAGCGGTGAAATGCGTAAAGATGT
GGAGGAACACCAGTGGCAAAGGCGACTCTCTGGTCTGTAACTGACGCTAAGCGCAAAAGCGTG
GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGBCTAAGTGTTAGGG
GGTTTCCGCCCTTTAGTGCTGCAGCAAACGCATTAAGCACTCCGCCTGGFBTACGGTCGCAAG
ACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGTTTAATTCGAAGC
AACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGCTTCCCCTTCGG
GGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCACCTCGTGTCGTGAGATGGGGTTAAGTCCC
GCAACGAGCGCAACCCTTGATTTTAGTTGCCAGCATTCAGTTGGGCACTTAAGGTGACTGCCGGT
GACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGRECTGGGCTACACAC
GTGCTACAATGGGCAGAACAAAGGGCAGCGAAGCCGCGAGGCTAAGCCAATCCACAAATCTGT
TTTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGANGTAATCGCGGATCA
GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACABBCGAGAGTTTGTA
ACACCCGAAGTCGGTGAGGTAACCTTTTGGAGCCAGCCGCCGAAGGT

BJ-DEBCR-40

Bacillus subtilis

MF487838

AGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGRAEACGTGGGTAACC
TGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGIGTTTGAACCGCAT
GGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGGCATTAGCTAGTT
GGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGIATCGGCCACACT
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTOCGCAATGGACGA
AAGTCTGACGGAACAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAGCTCTGTTGTTAGG
GAAGAACAAGTACCGTTCAAATAGGGCGGTACCTTGACGGTACCTAACCARAAGCCACGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAARTTGGGCGTAAGG
GCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCCG@®AGGGTCATTGGAA
ACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGEAAATGCGTAGAG
ATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGG

BJ-DEBCR-41

Bacillus
licheniformis

MF487839

GCGNTGCCTATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATCAGCGGCGGAC
GGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAACCGGGGCTAATA
CCGGATGCTTGATTGAACCGCATGGTTCAATTATAAAAGGTGGCTTTTAGTACCACTTACAGATG
GACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACT GCGTAGCCGACC
TGAGAGGGTGATCGGCCACACTGGGACTGAAACACGGCCCAAACTCCTACGGAGGCAGCAGTA
GGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTATGAAGGTTTTCGG
ATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGOACCTTGACGGTAC
CTAACCAGAAAGCCACGGCTAACTACGTGCCACCACCCGCGGTAATACGTAGTGGCAAGCGTTG
TCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATBSAAAGCCCCCGGC
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TCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAAAAAAGGAGGTGGAATTCCAC
GTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCACTCTCTGGTCTGT
AACTGACGCTGAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCOBGTAGTCCACGCC
GTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGAAACGCATTAAGC
ACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGCCC

Fermented Product: Hungrii

Isolate Name

Closest related
microorganism

Genbank
Accession No.

Sequences

BJ-DEBCR-11

Bacillus pumilis

KU301334

TCGGTCTGGGTCAGTAGGTGATGTTAAGACATAGCATTACGAGCGGACAGAGGGAGCTTGCTCC
CGGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAMETGGGATAACTCC
GGGAAACCGGAGCTAATACCGGATAGTTCCTTGAACCGCATGGTTCAAGGAGAAAGACGGTTTC
GGCTGTCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTARGGCTCACCAAGGC
GACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGATGGCCCAGACTCC
TACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGACAACGCCGCGTG
AGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCAAGAGTAACTGC
TTGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGRGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCHI TTCTTAAGTCTG
ATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGAAACITGAGTGCAAAAGA
GGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGA
AGGCGA

BJ-DEBCR-19

Bacillus
licheniformis

KX258615

TCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAAACACGTGGGTA
ACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGAGGTTGTTTGAACCG
CATGGTTCAAATATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCGSCGGCGCATTAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCAACAATGCGTAGCCAACCTGAGAGGTGATCGGCCACA
CTGGGACTGAAACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCICCGCAATGGACG
AAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAACTCTGTTGTTAG
GGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCKEAAAGCCACGGCTA
ACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAATTGGGCGTAAA
GCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCACCCGGGAGGGTCATTGG
AAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGTGAAATGCGTAG
AGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGAGCTGAGGCGCGAAA
GCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCC
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BJ-DEBCR-23

Bacillus subtilis

MF487821

TAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGGGCGGACGGGTGAG
TAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGCTAATACCGGATG
GTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTACAGATGGACCCGC
GGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTACCGACCTGAGAGG
GTGATCGGCCACACTGGGACTGAGACACGGCCCATACTCCTACGGGAGG@ICAGTAGGGAATCT
TCCGCAATGGACGAAAGTCTGACGGAACAACGCCGCGTGAGTGATGAAGGITTCGGATCGTAAA
GCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGBGGTACCTAACCAG
AAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCABCGTTGTCCGGAAT
TATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAAGCCCCGGCTCAACCG
GGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATCCACGTGTAGC
GGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTOGBEGTCTGTAACTGAC
GCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCACGCCGTAAACG
ATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGKLTAAGCACTCCGCC
TGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGARCAAGCGGTGGAG
CATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTCTGACAATTCAAG
AAATAAAA

BJ-DEBCR-26

Bacillus
licheniformis

MF487824

TACATGCAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGEEACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTATACCGGATGCTTG
ATTGAACCGCATGGTTCAATTATAAAAGGTGGCTTTTACCTACCACTTACAAATGGACCCCCGGCC
CATTACCTATTTGGGGAGGAACCGGCTCACCAAGGCAACAATGCTTACCCACCTGAAAGGGTGA
TCGGCCACCCTGGAACTGAAACACGGCCCAAACTCCTACGGAAGGCACCATAGGAAATCTTCCG
CATTGAACAAAAGTCTAACGAACCACCCCCCCGTGGATTGATAAAGGTTTICGAATCGAAAAACT
CTGTTGTTAGGAAAAAACAATTACCGTTCAATTAGGGGGGTACCTTGACGEACTTAACCAAAAA
GCAACGGCTAACTACTTGCCACCACCCCCGGAAATACTTAGGTGGCAAGCGIGCCCGAAATTAT
TGGCCGAAAAGCCCGCCCAGGCGGTTCCTTAATTCTAATGTGAAACCCCGEGCTCACCCGGGAA
GGGCCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCBCGTGTAGCGGTG
AAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTOGTAACTGACGCTG
AGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC

BJ-DEBCR-35

Bacillus
amyloliquefacie
ns

MF487833

CCGAGCGGACAGATCGCGGTAGCTTGCCCCATGATGTTAGCGGCGGACGGGAGTAACACGTGG
GTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGATGGTTGTCTGAA
CCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCGCGGCGCATTAG
CTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGRAGGGTGATCGGCC
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGEAN CTTCCGCAATGG
ACGAAAGTCTGACGGAGCAACGCCACGTGAGTGATGAAGGTTTTCGGATCEBAAAGCTCTGTTGT
TAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTARCAGAAAGCCACG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCEGAATTATTGGACG
TAAAGGGCTCGCAGGCNGTTTCTGAAGTCTGATGTGAAAGCCCCCGGCTAPCCGGGGAGGGTCA
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TTGGAAACTGGGGAACTTGAGTGCATAAGAGGAGAGTGAAATGCCACGAATACCGGTGAAATGC
GTAGAGATGTGTAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAATGACGCTGAGGAGC
GAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGTCGTAACGATGAGTGCTAA
GTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAACACTTGCCTGGGGAGTCCG
GCCGCGAGGGTGA

BJ-DEBCR-36

Bacillus
licheniformis

MF487834

TCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAAACACGTGGGTA
ACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGAGGTTGTTTGAACCG
CATGGTTCAAATATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCGSCGGCGCATTAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCAACAATGCGTAGCCAACCTGAGAGGTGATCGGCCACA
CTGGGACTGAAACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATECICCGCAATGGACG
AAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAACTCTGTTGTTAG
GGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCSKSAAAGCCACGGCTA
ACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAATTGGGCGTAAA
GCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCACCGGGAGGGTCATTGG
AAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGTGAAATGCGTAG
AGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGAGCTGAGGCGCGAAA
GCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCC

Fermented Product: Rhujuk/bastanga

Isolate Name

Closest related
microorganism

Genbank
Accession No.

Sequences

BJ-DEBCR-5

Bacillus
licheniformis

KU301337

AACGGAAGATGGGAGCTTGCTCCCTGATGTCAGCGGCGGACGGGTGAGTARACGTGGGTAACCT
GCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTGATTGAACCGCATG
GTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGE®GCATTAGCTAGTTG
GTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTAI CGGCCACACTG
GGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTGGCAATGGACGAA
AGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAABTCTGTTGTTAGGG
AAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAGCCACGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAARATTGGGCGTAAAGC
GCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGEAGGGTCATTGGAA
ACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGEAAATGCGTAGAG
ATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGIISAGGCGCGAAAGC
GTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATABGTGCTAAGTGTTA
GAGGGTTTCCGCCCTTTAGTGCTGCAGCAAACGCATTAAGCACTCCGCCTEEGAGTACGGTCGC
AAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCAGTGGTTTAATTCGA
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AGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAAAACCCTAGARTAGGGCTTCCCCT
TCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGATGTTGGGTTAAG
TCCCGCAACGAGCGCAACCCTTG

BJ-DEBCR-9

Bacillus subtilis

KU854957

TAAGACTCGTACACTATCCGTGTCGATCGCCTTCTACAGGTATCCGTAGTCTACGTGCCATGATG
TTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGATAACTCCGGGAAA
CCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGTGGCTTCGGCTAC
CACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTACCAAGGCAACGAT
GCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGAAACGGMATACTCCTACGGG
AGGCAGCAGTAGGGAATCTTCCGCAATGGACAAAAGTCTGACGGAACAACECGCGTGAGTGAT
GAAGGTTTTCGGATCGTAAATCTCTGTTGTTAGGGAAAAAAAAGTACCGTTCGAATAGGGGGTAC
CTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGGGTAATACGTAGGT
GGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTAGRAGTCTGATGTGA
AAGCCCCCGGCTCAA

BJ-DEBCR-14

Bacillus subtilis

KU854961

ATACNCNGCNNNTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGAGCGGACGGGTGAGT
AACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGTAATACCGGATGG
TTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTAAGATGGACCCGCG
GCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGBCGACCTGAGAGGG
TGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCARAGTAGGGAATCTT
CCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTITCGGATCGTAAAG
CTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGAGGTACCTAACCAGA
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAACGGTTGTCCGGAATT
ATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCGGCTCAACCGGG
GAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAAGAGAGTGGAATCCACGTGTAGCGG
TGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGEBCTGTAACTGACGC
TGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCBGCCCGTAAACGA
TGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGUAAAGCACTCCGCCT
GGGGAGTACGGTCGCAAGACTGAAACTCAAAAGGAATTGACGGGGGCCCGC

BJ-DEBCR-27

Staphylococcus
pasteuri

MF487825

TTTGGGTCTTAGTATTGGTAGTGCGTCGATGCCAGTCGAGCGAAGGATAAGAGCTTGCTCCTTTG
ACGTTAGCGGCGGACGGGTGAGTAACACGTGGATAACCTACCTATAAGACTGGGATAACTTCGGG
AAACCGGAGCTAATACCGGATAACATATTGAACCGCATGGTTCAATAGTGAAAGGCGGCTTTGCT
GTCACTTATAGATGGATCCGCGCCGTATTAGCTAGTTGGTAAGGTAACGGTTACCAAGGCAACG
ATACGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGAACTGAGACACGBCCAGACTCCTACG
GGAGGCAGCAGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCABGCCGCGTGAGTG
ATGAAGGTCTTCGGATCGTAAAACTCTGTTATCAGGGAAGAACAAATGTGTAAGTAACTGTGCAC
ATCTTGACGGTACCTGATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGTAGGCGGTMM TAAGTCTGATGTG
AAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGAGGAAA
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GTGGAATTCCATGTGTAGCGGTGAAATGCGCAGAGATATGGAGGAACACCATGGCGAAGGCGA
CTTTCTGGTCTGTAACTGACGCTGATGTGCGAAAGCGTGGGGATCAAACAGATTAGATACCCTG
GTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCATAGTGCTGCAGCTA
ACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAGGAATTGACGGGG
ACCCGCACAAGCGGTG

BJ-DEBCR-30

Bacillus subtilis

MF487828

TACATGCAAGTCGAGCGGAAGATGGGAGCTTGCTCCCTGATGTTAGCGGUBACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGAAGATGGGAGCTATACCGGATGGTTG
TTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACARTGGACCCGCGGCG
CATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCABGGGAATCTTCCG
TAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTGGATCGTAAAGCTC
TGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGACCTAACCAGAAAG
CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCAGTCCGGAATTATT
GGGCATAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCOEaCTCAACCGGGGAG
GGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCREGTGTAGCGGTGA
AATGCGTAGAG

BJ-DEBCR-31

Bacillus subtilis

MF487829

CTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTCGGCTACCACTTA
CAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGCAACGATGCGTA
GCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACCTACGGGAGG
CAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGGTGAGTGATGA
AGGTTTTCGGATCGTAAAAGCTTTGTTTTTTAGGGAAGAACCAAGTCCCGTCGCAAAGGCCGGT
ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCGCGGTAATACGTA
GGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTCTTAAGTTTGATG
TGAAACCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGATGCCGAAGAGG
AGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACKECAGTGGCGAAG
GCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCRHEAGGATTAGATA
CCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTGERCCCCTTAGTGCTG
CAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAABTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCAGAACCTTACCA
GGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGHBGAGTGACAGGTG
GTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGALEGAGCGCAACCCT
TGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGPAAACCGGAGGAA
GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACBGCTACAATGGAC
AGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTICTCAGTTCGGATC
GCAGTCTGCAACTTGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATAGCATGCCGCGGT
GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTIAACACCCGAAGT
CGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGTGGGACAGATGAT
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BJ-DEBCR-32

Bacillus
amyloliquefaciens

MF487830

CATGAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGMIGTGAGTAACACG
TGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATBCGGATGGTTGTTT
GAACCGCATGGTTCAAACATAAAAGGTGCCTTCGGCTACAACTTAAAGATGGACCCGCGGGGCAT
TAGCTAGTTGGTGAGATAACGGCTCACCAAGGCAACGATGCGTAGCCGACTGAGAGGGTGATCG
GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTARGAATCTTCCGCAA
TGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGRCGTAAAGCTCTGT
TGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACTAACCAGAAAGCCA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTEICGGAATTATTGGG
CGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGETRACCGGGGAGGGT
CATTGGAAACTGGGG

BJ-DEBCR-37

Bacillus subtilis

MF487835

TTGACATGCGTGAGTGTGATGCAGTTCGAGCGGACAGATGGGAGCTTGCTTCTGATGTTAGCGG
CGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCGGGAAACCGGGG
CTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTCGGCTACCACTTAC
AGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGBGACGATGCGTAGC
CGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAAACTKTACGGGAGGCAG
CAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAACAACCCCGCGBAGTGATGAAGGTT
TTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCCAATAGSGCGGTACCTTTACG
GTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAGAGTGTGGCAAGC
GTTGTCCGGAATTATTGGGCGTAAAAGTCTCGCAGGCGGTTTCCTAATCTGBATGTGAAAGCCCCC
GGTTTAATTGGGGAGGGTCA

BJ-DEBCR-38

Bacillus
licheniformis

MF487836

CNGCCAGTACGAGCGGACCGACGGGAGCTTGCTCCCTTAGGTCAGCGGCBGGGGTGAGTAACA
CGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAMACCGGATGCTTGA
TTGAACCGCATGGTTCAATTATAAAAGGGGGCTTTTAGCTACCACTTACAGATGGACCCCCGGCGC
ATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGBCTGAGAGGGTGAT
CGGCCACACTGGGACTGAAACACGGCCCAAACTCCTACGGGAGGGAGCAGIGGGAATCTTCCGC
AATGGAAGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGATCGTAAAACTCT
GTTGGTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTBCTAACCAGAAAGC
CACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTTGCAAGCCTTCCGGAATTATTG
GGCGTAAAGCGCGCGGAGGCGGTTTCCTAAGTCTGATGTGAAAGCCCCCEI CAACCGGGGAGG
GTCATTGGAAACTGGGGAACTTGAATGCAGAAGAGGAGAGTGGAATTCCAGTGTTACCGTGAAA
TGCGTAGAGATGTGGAGGAACCCCCNTGGCGAAGGCGACTCTCCGTCCTBACTGA

BJ-DEBCR-39

Bacillus subtilis

MF487837

ACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGUEACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTATACCGGATGGTTG
TTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACARTGGACCCGCGGCG
CATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCABGGGAATCTTCCG
CAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTGGATCGTAAAGCTC
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TGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGACCTAACCAGAAAG
CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCATCCGGAATTATT
GGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCUERCTCAACCGGGGAG
GGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCEGTGTAGCGGTGA
AATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTAITAACTGACGCTGA
GGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGOUGTAAACGATGAG
TGCTAAGTGTTAGGGGGTTTCCGCCCCCTATTGCTGCAGCTAACGCATTABCACTCCGCCTGGGG
GAGTACGGTCGCAAGACTGAAACTCAAAGGAATTTGACGGGGGCCCGCACAGCGGGTGGAGCA
TGTANNTTTTATTCGAAAGCAACGCGAAGAACCCTTACCAGGGTCTTGACA CCTCTGACAATCCC
TAGAAG

Fermented Product: Tsutuocie

Isolate Name

Closest related
microorganism

Genbank
Accession No.

Sequences

BJ-DEBCR-7

Bacillus subtilis

KU301335

AGGTTGCGTGTCGACTGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCRGGTTAGCGGCGGA
CGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGEAACCGGGGCTAAT
ACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGTACCACTTACAGAT
GGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAAGBATGCGTAGCCGAC
CTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTARGAGGCAGCAGT
AGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTATGAAGGTTTTCG
GATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGTACCTTGACGGTA
CCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGAGGTGGCAAGCGTT
GTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGAITGAAAGCCCCCGG
CTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGBAGTGGAATTCCA
CGTGTAGCGGTGAAATGCGTATAGATGTGGGAGGAACACCAGTGGCGAAAGGATTCTCTGGTCT
GTAACTGACGCTGAGGAGCGAAATCGTGGGGAGCGAACACG

BJ-DEBCR-8

Bacillus subtilis

KU854956

ACNTGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGGEACGGGTGAGTAAC
ACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTATACCGGATGCTTG
TTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACARTGGACCCGCGGCG
CATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCAACGATGCGTAGCCBCCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCABGGGAATCTTCCG
CAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTGGATCGTAAAGCTC
TGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGACCTAACCAGAAAG

CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCAGTCCGGAATTATT

GGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCUERCTCAACCGGGGAG
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GGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCREGTGTAGCGGTGA
AATGCGTAGAGATGTGGAGGAACACCAGTGGCAAAGGCGACTCTCTGGTCBGBTAACTGACGCTGA
GGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGOGTAAACGATGAG
TGCTAAGTGTTAGGGGGGTTTCCCGCCCCCTTAGTGCTGCAGCTAACGCABRAGCACTCCGCCCT
GGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAA

BJ-DEBCR-10

Bacillus
licheniformis

KU854958

ATACCTGATTCCTGGCGGTATGCTTACAATAGCCGTCGTAACGGGGTATCGTGTCGACGGCCTGA
TGTCAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTESATAACTCCGGGA
AACCGGGGCTAATACCGGATGCTTGATTGAACCGCATGGTTCAATTATAAMGGTGGCTTTTACCT
ACCACTTACAAATGGACCCGCGGCGCATTACCTAGTTGGTGAGGTAACGGEOCACCAAGGCAACG
ATGCGTAGCCGACCTGAAAGGGTGATCGGCCACACTGGGACTGAAACACGEGCCAAACTCCTACG
GGAGGCAGCATTAGGGAATCTTCCGCAATGGACAAAAGTCTGACGGAGCALRGCCGCGTGAGTG
ATGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGITCGAATAGGGCGG
TACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCGCGGTAATACGTA
GGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTAAGTCTGATG
TGAAAGCCCCCGGCTCACCGGGGAGGGTCATTGGAAACTGGGAACTTGAGICAGAAAGGAGAG
TGAATTTCCACGTGTAGCGGTGAATGCTTAGAGTTGTGGAGGAACCCCAGEGCGAAG

BJ-DEBCR-12

Bacillus pumilis

KU854960

TGGCGGTTGCCAGAATACCAGGAAGTCGATAAAGGGAGCTTGCTCCCGGAGTTAGCGGCGGACG
GGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAACCGGAGCTAATAC
CGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACGGTTTCGGCTBCACTTACAGATGG
ACCCGCGGCGCATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACAASCGTAGCCGACCT
GAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGEEANGGCAGCAGTAG
GGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGRGAAGGTTTTCGGA
TCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCGAGAGTAACTGCTCGCRECTTGACGGTACCT
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGEGGCAAGCGTTGTC
CGGAATTATTGGGCGTAAAGGGCTCGCATGCGGTTTCTTAAGTCTGATGTSAAGCCCCCGGCTCA
ACCGGGGAGGGTCTTTGGAAACTGNGTGACTTGAGTGCAGAAGAAGACANGGAATNCCACGTGT
AGCCGTGAAATGCGTAGAGATCTCGAGGAACACCAGTGGCGAACGCGACTECCTGGTCTGTAACT
GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCCGGTATCCACGCCGTAA
ACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAZGCATTAAGCACTCC
GCCTGGGGAGNNACNGGTCGTAA

BJ-DEBCR-25

Bacillus subtilis

MF487823

CAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGAGGGAGCTTGCCTCCC
TGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGATGGGATAACTCCG
GGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACARAAAGGTGGCTTCG
GCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAAGGCTCACCAAGGCG
ACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGAGIGGCCCAGACTCCT
ACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGAACGCCGCGTGA
GTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGG
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CGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCCGGAATTATTGGGCGTAAAGGGCTCGCAGRGTTTCTTAAGTCT
GATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAAO GAGTGCAGAAG
AGGAGAGTGGAATTC

BJ-DEBCR-34

Bacillus pumilis

MF487832

GGACTGTGTCGTATCAACTACTACCGCATGCCGCATAGATGGTGTCGTGCEBAGTATCCGGTGCTT
GCTCCCGGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCGTAAGACTGGGATA
ACTCCGGGAAACCGGAGCTAATACCGGATAGTTCCTTGAACCGCATGGTTRAGGATGAAAGACG
GTTTCGGCTGTCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTEGTAACGGCTCACCA
AGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACHGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTBCGGAGCAACGCC
GCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGARAAGTGCAAGAGTA
ACTGCTTGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCAGCAGCCGCGGT
AATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGAGGCGGTTTCTTAA
GTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGKAACTTGAGTGCAG
AAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGAACACCAGTGG
CGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGEHBCGAACAGGATT
AGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTITCCGCCCCTTAGT
GCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGATIAAACTCAAAGGAA
TTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAABGCGAAGAACCTAAC
CAGGTC
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APPENDIX - IV
DNA Extraction Using the CTAB protocol
Step Action

1 5 ml of cell suspension centrifuged at 10,000 fpn® min (4C).

2 Add 500 pL of TE buffer and mix thoroughly tikltets are completely
dissolved in the buffer.

3 Add 200 pL 45 mg rifl Lysozyme and mix thoroughly. Incubate af@7or
1 h.

4 Add 10 pL 20 mg i Proteinase K.

5 Add 50 pL 20% SDS and mix thoroughly.

6 Incubate at 3T until the solution becomes clear and viscous.

7 Add 100 pL 5M NaCl and incubate at’65or 2 min.

8 Add 100uL of CTAB buffer (pre-warmed at 6%) to each sample and
incubate at 6% for 10 min.

9 Add an equal volume (typically 1000 pL) of Phe@bloroform: Isoamyl
alcohol (25:24:1). Shake the tube to achieve ay@taulsion.

10 Centrifuge at 10,000 rpm for 10 min to achiekage separation and
compression of the interface.

11 Transfer aqueous phase (top layer) to a newvtitheut disturbing the
interface.

12 Add approximately 500L of chilled isopropanol and centrifuge at 10,000
rpm for 15 min.

13 Decant the supernatant carefully so that the [pilet is not disturbed.

14 Add 1 ml of 70% ethanol to each DNA pellet and by carefully inverting
the tube.

15 Centrifuge samples at 10,000 g for 15 min°@tdnd discard the
supernatant.

16 Re-suspend DNA pellet in 50-200 uL TE buffer.
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Appendix - V

16S rRNA Universal Primer

9F (5'-CGCGGGATCCGAGTT TGATCCTGGCTC-3")
Primer-I| Lechner et
1492R (5'-GGCCGTCGACACGGA TACCTTGTTACGACTT-3"al., 1998

27F (5-AGAGTTTGATCCTGGCTCAG-3)
Primer-Il Lane, 1991
1492R (5-GGCTACCTTGTTACGACTT-3))
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PCR Master Mix

211

For 25 pL Reaction

10X Buffer with MgCh (25 mM) 2.5 uL 1X
dNTPs (10mM) 0.5 L 0.2mM
Forward primer (10pM) 0.5 uL 0.2pM
Reverse primer (10pM) 0.5 uL 0.2pM
DNA template (>1000mg) 5.0 uL 50-100ng
TagDNA Polymerase (5Units) 0.2 uL 1Unit
Pure water 15.8 pL
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