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ABSTRACT

Dairy products are an important part of daily fondhe Himalayan country Nepal. A
wide variety of traditional fermented milk produdse prepared from the milk of
different animals in different geo-climatic condits of the country by different
ethnic groups. Locally calledahi (curd) is the yoghurt like most popular product,
but little data are available on the autochthondastic Acid Bacteria (LAB)
harbored in these products and characterizatiothef molecular and probiotic
properties. These information are essential fohentic identification of beneficial
strains and probiotic product development. To asklthese problems, this project
was designed with objectives of molecular and mibi characterization of
lactobacilli isolated from traditionally preparedrd (dahi) and later preparation of
curd using potential and promising strains. For thisalté4 samples were collected
from four districts belonging to two geographicagions of Nepal. Of the 193 LAB
obtained, 120 isolates (68%) were found to be twaped presumptive lactobacilli
while 73 isolates were found to be cocci (32%). Twninant lactobacilli were
further characterized at phenotypic, biochemical mmolecular levels. Phenotypic and
biochemical characterization such as colony mogl microscopy (grams
staining, negative staining & motility test) andtalase test were performed for
presumptive confirmation of thieactobacillus species. The presumptive 120 isolates
were further identified at species level by usintginal Transcribed Spacers (ITS)
amplification, 16S rRNA gene sequence determinatemd species-specific PCR
assays. Based on molecular analyses, the 120dasoladre classified as belonging to
ten differentLactobacillus speciesiiz. L. delbrueckii, L. paracasel, L. rhamnosus, L.
fermentum, L. parabuchneri, L. helveticus, L. coryniformis, L. harbinensis, L. brevis
and L. plantarum. Lactobacillus delbureckii was identified up to subspecies &s
delbrueckii subspbulgaricus using species specific PCR while representativiatss

of L. paracasei were also identified at subspecies level Lasparacasei subsp.
paracasel using High Resolution Melt Curve Analysis. Inty@esies genetic diversity
analysis was studied fdr. delbrueckii subspbulgaricus, L. paracasei, L. rhamnosus,

L. fermentum and L. parabuchneri using various markerdA high degree of intra-
species genetic diversity was obtained for Lalttobacillus species, except fat.

rhamnosus isolates, all of which produced a single typingfibe.
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Of the 120 isolates, 24 were further selected lier dnalysis of probiotic properties
based on the intra-species genetic diversity samy the geo-climatic origin of the
isolates. Probiotic properties such as gastrointstransit resistance (acid and bile
tolerance), adhesion, antimicrobial activity andtilaatic sensitivity test were
investigated. All the isolates were able to surtlve gastrointestinal transit resistance
at pH 3 and 0.3% bile (average viable count LogRUL ranged from 4.95 to
7.85) while only 15 isolates were able to survive gastrointestinal transit resistance
at pH 2 and 0.3% bile (average viable count LogFRUJnL ranged from 1.69 to
7.66). Seventeen lactic isolates were found to digesive while seven were non-
adhesive in Caco-2 cell monolayer (average numbexdbesion in Log1l0 ranged
from 0.69 to 2.94). The antimicrobial activity tedtby paper disc method was found
to show weak inhibition towards the enteric foodrao pathogens. The antibiotic
sensitivity test was performed according to EuropEaod Safety Authority (EFSA)
guidelines. Of the 24 isolates, four isolat@g L. paracasei NAST-RHMS82, L.
fermentum NAST-GHL2, L. helviticus NAST-RHL103 andL. corniformis NAST-
RHM94 were found to be safe when tested for niffergint antibiotics.

Further, six lactic cultures namdly fermentum NAST-GHM2, L. rhamnosus NAST-
GHM25, L. delbrueckii subsp. bulgaricus NAST-RHL74, L. paracasei NAST-
RHMS82, L. delbreuckii subsp.bulgaricus NAST-RHL101 andL. helveticus NAST-
RHL103 were selected based on theitro probiotic attributes study for assessment
of antimicrobial activity against enteric pathogevig. Bacillus cereus F 481Q
Escherichia cali, Listeria monocytogenes Scott AandStaphyl ococcus aureus FRI 722
using agar well diffusion method. Of the six iselgttwo strainwiz. L. paracasel
NAST-RHM82 andL. helveticus NAST-RHL103 were further selected for partial
purification and characterization of the antimigedlcompound using skimmed milk
broth. The strength of the inhibition (both baatstatic & bactericidal) was higher in
cell free supernatants (CFSs) derived from skimmmé® broth as compared to the
MRS broth. The skimmed milk concentrate of the eetipe cultures were further
purified by using methanol and later methanol catregée was purified (concentrated)
using acetone. The strength of the inhibition iasexl relatively following different
purification steps. Antimicrobial activity of skimed milk concentrate and its
derivatives ofL. helveticus NAST-RHL103 were found to be very high as compared

to L. paracasei NAST-RHMS82 against all the pathogens.
Xi



Following the partial purification, probiotic cu@hd sweet curd were prepared and
the effects of pre-processing and post-processiogtaminants (using above
mentioned four pathogenic strains) were analyzedchtaw the efficiency of the lactic
culture for future biopreservative agent. Productmfation conditions such as
incoculum size (1%) and incubation conditions (tir@mperature) were optimized
and the product was developed with optimum conadlitid.actobacillus helveticus
NAST-RHL103 formed the product with 1% inoculums3dt°C in 8 hours whilé&.
paracasel NAST-RHMS82 formed the product with 1% inoculum3at°C in 30 hours.
Microbiological, chemical and organoleptic propestiof both the products were
analyzed and found to be of high quality. Howevesm the results, it has been
confirmed that the product formed with helveticus NAST-RHL103 is superior due
to its better probiotic attributes, antimicrobiatigity and the short incubation time.
The results obtained for pre-processing and pastgssing contaminant effects
towards the pathogens showed that the contamicanid not grow in the probiotic
curd entered as pre-processing contaminants, howekie post-processing
contaminants decreased considerably after 24 holistorage in refrigerator. In
addition, sweet curd was prepared udingelveticus NAST-RHL103. This culture is
also able to ferment the milk containing up to 28%@ar and produce sweet curd with
acceptable chemical and sensory properties. Beazudee innate properties of the
lactic culture;L. helveticus NAST-RHL103 can be a potential probiotic candidate
industrial applications. Besides probiotic propesti this culture may also be
developed as the bio-preservative agent in funatifwods to increase the shelf life

and to phase out the indiscriminate use chemiesgovatives.
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CHAPTER 1: Introduction

1.0. INTRODUCTION

1.1. Introduction
1.1.1. Background

Human beings and other higher life forms would haseer arisen and could not have
sustained till now without the microorganisms. Tdeeexistence of microbes with
higher forms of life and symbiotic relationship f@veral host related functions show
the necessity of microbes. Over millions of yeahsg diversity and functions of
microorganisms has continued to change so as t@tadathe new habitats.
Microorganisms, especially bacteria, exist in aevdriety of environmental niche
and are found as complex communities rather thaglesicellular planktonic cells.
The population present in each community is comfigumodulated in order to adapt
and survive. The identification and culturing dflzcterial species in a given niche is
not yet possible, but advancements in the fieldbajtechnology and culture
independent techniqgues have enabled researchemnotator the evolutionary

divergence that can be used to identify and chkasisé bacteria.

Fermenting fruits, vegetables, cereals and milkloamy many benefits to the people.
It plays important roles in providing food safegnhancing health and improving the
nutrition and social well-being of millions of pdeparound the world. The food

processing sector is more focused on innovatioas ¢buld provide these requisite
functional attributes through traditional foods wlhi are inherent with human

civilization. Studies into traditional foods havstablished the multiple advantages
with reference to nutritive values, therapeutic gembies and sensory attributes
(Roopashri, 2012). The early human civilizationhmito concept of microorganisms
was remarkable not only in developing the produots,also safely maintaining the

cultures though centuries. In all these fermentedl$, the process of fermentation is
mainly initiated by lactic acid bacteria (LAB), folved by yeast in a few of them

(Farnworth, 2008; Arques et al., 2014; Fernanded.e2014).

In general fermented foods are characterized byatoemulation of metabolites of
microbial activities, both primary and secondanhick contribute to the overall
functionality of products. Lactic acid bacteria wfiare most important bacteria and
likely to bring desirable changes by fermentatidrdifferent substrates such as sour

dough bread, sorghum beer, all fermented milks, gt “pickled” (fermented)

1
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vegetablesLactobacillus acidophilus, L. bulgaricus, L. plantarum, L. pentoaceticus,
L. brevis andL. thermophilus are examples of lactic acid producing bacteriaived
in food fermentations (Roopashri, 2012). Among theome are homofermentative
(produce lactic acid only) while others are hetenwfentative (produce lactic acid and

other volatile compounds and small amounts of altjoh

There are sufficient evidences from various resedoc the hypothesis that diet is
instrumental in controlling and modulating variduactions of the body so that good
health and a disease-free life is made possibleafiéamaj et al., 1993). It is this
hypothesis, which is the corner stone of the conadp‘functional foods’. A
functional food is defined as a ‘food that contaansadequate concentration of one or
more combinations of components which affects fionstin the body so as to have
positive cellular or physiological effects’. Anydd may be termed “functional”, if it
fulfills the requirements of (i) demonstrates ateraction with one or more functions
of the body, (ii) there is some understandingshef underlying mechanism of action

and (iii) the establishment of the effect in reletvhiological systems (Cakir, 2003).

Knowing or unknowingly, the human race has beersgoinng fermented products
from time immemorial. Their origin has been prinhamilk-based which has been
the basis for the many investigations or the prtbaiealth benefits of these
traditional fermented foods (Barrett et al., 2004lthough, Metchnikoff had worked
upon this concept in the beginning of thé'"l@ntury as an alternative to modification
of mal-functioning gastrointestinal tracts, unforately, it was neglected for a long
period of time. It was only from early 1990s, thatused attention has increased in
view of the wellness of substance of biologicaborj rather than performing those of
chemical origin. The word ‘probiotic’ which is deed from two Greek words
meaning “for life” was not established by definitidill 1965. Any probiotic strain
selected should be capable of withstanding the mamy operations of food
processing such as concentration, freezing, staragditions, cooking conditions of
temperature and pressure so that a final requiceshtcof between 101G CFU

bacteria is maintained in the product (Otles, 2013)
1.1.2. Traditional dairy products and lactic acid bacteria

In many countries, the microbiological charact@ssiof traditional fermented milk
products have been studied for past few decaddraginal collections of lactic acid
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bacteria have been constituted (Karki, 1986; Tamamd) Sarkar, 1988; FAO, 1990;
Yu et al., 2011; Bao et al., 2012). They represenimportant tool both for preserving
the rich microbial biodiversity that characterizesturally fermented food and for
obtaining new cultures for commercial applicatioftsis known that traditional
fermented foods have unique and different microp@bulations dependent on the
production technology as well as on the environm@ectiaracteristics of the localities
where they have been produced (Colombo et al.,)200&eover, many reports have
shown that artisanal dairy products can repres@stdasting source for isolation of
bacterial strains with useful probiotic traits (€awiti and Guglielmetti, 2010; Heller,
2011).

Dairy products are an important part of daily fdothke in the Himalayan country,
Nepal. As a consequence of availability of diffdrgeo-climatic conditions and the
diversity of ethnic groups in the country, a widsiety of traditional fermented milk
based products are produced and consumed suchidagaki), mohi, ghiu, chhurpi
and others. These products are prepared with milkn fdifferent animals that are
reared in the different geographical regions foirydaroduction, such as cow and
buffalo are reared in the Terai and Hilly regioffsom 100 to 3000 m) whereas Yak
and Chauri at high altitudes (> 3000 m) in the Hagan region.

In recent years, there has been a growing interegtnotypic and phenotypic studies
on wild microbial isolates from traditional dairyqalucts produced mainly without
the addition of any starter cultures (Cogan etl&197; Dahal et al., 2005). Increasing
information on the microbial diversity present raditional dairy products can help
prevent the loss of microbial biodiversity and aaosently the loss of wide range of
milk based traditional dairy products by differenethods whose typical features
depend on local and regional traditions and onitldegenous microbial population
present in raw milk and selected by the environm@mrtina et al., 2001).
Additionally, these studies could be the basistfa& selection of new strains to be
used either for large scale commercial productiospecific cultures, traditional curd
itself or together with classical starter cultufes improving the existing dairy
product manufacture. Indeed, the diversity of startused in industrial dairy
fermentation is low and there is an increasing dem@r new strains, starter and
Non-starter Lactic Acid Bacteria (LAB and NSLABhat show advantageous effects
on various dairy products (Jacobsen et al., 19@9gd@lo et al., 2007).
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1.1.3. Probiotic properties of lactobacilli obtained from dairy products

Traditional fermentation is the most convenientpremmic and widely applied
empirical method for food preservation and alsoefihancement of organoleptic and
nutritional quality of fresh foods (Fortina et a2001). Traditional fermented foods
are produced by the indigenous biotechnologicatgse where natural microbiota
associated with food materials are involved durasggwell as after fermentation.
Metchnikoff (1908) who is also the inventor of piatics, proposed that the acid
producing organism in fermented dairy products @quievent fouling in the large
intestine and thus lead to a propagation of lifanspf the consumer, but later it has
been claimed that only strains of human origin darsure a beneficial attributes in
humans (Saarela et al., 2000; Heller, 2011; Coetrait, 2003). However, labeling of
probiotic products has always been controversighag are originated from intestinal
flora (Gardiner et al., 1998) and hence organisngnated from other sources such
as dairy fermented foods could be a potential ptabicandidate (Coeuret et al.,
2004).

Over the years, mankind exploited lactic acid baatd AB) for the production of
traditional fermented dairy products because ofrtheility to produce desirable
changes in taste, flavor and texture, extendingkiedf life of food products (Dave &
Shah, 1996; Fernandez et al., 2014). The populafitairy products is growing due
to its perceived health benefits. In addition, matudies have reported that fermented
dairy products such as yoghurt, cheese and othenefdged milks can be best
substrates to deliver probiotic LAB (Salminen, 1p9%he presence of LAB in
intestinal epithelium of human gastrointestinalctyaand their traditional use in
fermented foods including dairy products withouy aglverse health problems prove
their safety (Pangallo et al., 2008).

Locally called Dahi (curd) is the most indigenous and popular milk picidof

Himalayan country Nepal. It is a yoghurt-like pratiprepared in different parts of
the country and used as nutritional food, appetmedessert as well as for the
preparation of other ethnic dairy fermented prosiusiich as Ghiu, Mohi and soft
Chhurpi (Tamang, 2010). LAB play significant rofealmost all the fermented foods
as well as in curddghi). It comprises a wide range of genera aadobacillus is one

of the important genera. More than 80 specielsaofobacillus are harbored in dairy

products (Coeuret et al., 2003) and some of theennatural components of the
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gastrointestinal microflora (Dellaglio & Felis, 200 Research orLactobacillus
isolated from the naturally fermented dairy produtiowed a long history of safe use
(Holzapfel & Schillinger, 2002).

The health beneficial effects of lactobacilli haveen widely explored and include
stabilization of the indigenous microbial populatioprotection against intestinal
infection, improvement of lactose intolerance, ew®mnent of nutrients
bioavailability, reduction of the serum cholestdesel and non-specific enhancement
of immune systems (Matar et al., 2001; Santosd. eR@06; Gaudana et al., 2010).
Several lactic acid bacteria including lactobacdte being studied for novel bio-
therapeutic agents (Sullivan & Nord 2005; Reidlet2006). The presence of lactic
acid bacteria in curthakes it a therapeutic agent as these bacteriaeddactose into
galactose and glucose which is beneficial for Isetmtolerant patients) and it also
prevents various stomach and intestinal disordkesdutointoxication. Its usage is
increasing day by day due to its health benefithsas enhanced intestinal health,
preventing constipation, dysentery, diarrhoea aastrgintestinal infections. It may
effectively reduce blood cholesterol (Kaic & Antonil996), coronary heart disease,
breast and ovarian cancer and also increases Ve dé immunity (Yadav et al.,
2005; Jain et al., 2007pahi (Curd) prepared by fermentation of milk (from difént
animals such as Cow, Buffalo, Chauri, Yak) withiaaculum of previously made
curd, is used in most households in Nepal whetenstitutes a significant part of the
daily diet. The LAB that ferment the milk are lilketo differ slightly in each
household as there is no standardized starterreultsed to prepare curd. Curd is
believed to have probiotic properties (Dewan et28)07; Dahal et al., 2005; Saran et
al., 2002). Some research findings and documen&tad curd in the literature is
available from South Asian region but no such syste& research in LAB and

probiotic properties of curd have been carriedimiNepalese context so far.
1.1.4. Noblelactobacilli, probiotic curd and future biopr eser vative agent

Lactic acid bacteria perform fermentative as wedl @eservative action in the
product. The lactic acid that is produced from feementation of lactose (into
glucose and galactose) contributes to the soue taktcurd ¢lahi) or yogurt by

decreasing pH and formation of the characteristgogure by acting on the milk
proteins. When pH drops below pH 5, miscelles ofirbphobic protein (caseins)

loses its tertiary structure due to the protonatmsnits amino acid residues and
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denatured protein resembles by interacting witreothydrophobic molecules. This
interaction of caseins creates a structure thatvallfor the semisolid texture of yogurt
or curd(Fadela et al., 2009; Lin & Pai, 2009). One of ltlest strategies for promoting
safety of foods and extending their shelf life wilh any side effects on consumer’s
health and also for maintaining nutritious and amgaptic characteristics of food
products is via using bio-preservation with the aagis on LAB (Castellano et al.,
2008). The LAB produce different antimicrobial cooynds such as organic acids,
hydrogenperoxide, carbondioxide, diacetyl, low moalar weight antimicrobial
substances (for example, Reuterin and Reuterigyahd bacteriocins (Ammor et al.,
2006; Fernandez et al., 2014; Nami et al., 2019ct&iocins are ribosomally
synthesized peptides or proteins which reveal amigtjic effects against other
species particularly closely related to producelt (8ettanni & Corsetti, 2008).
Bacteriocins produed from lactic acid bacteria hasme advantages that nominate
them as good choice for biopreservation. These&ehacins are generally recognized
as safe (GRAS) (Deegan et al.,, 2006) as they haveamagonistic effects on
eukaryotic cells excepting cytolysin, producedHnyerococcus faecalis (Heng et al.,
2007).

Since a long history, lactic acid bacteria havenbglaying a key role in preserving
foods from spoilage microorganisms. They are comynosed in food fermentation,
may produce several metabolites with beneficialthegffects and, thus are generally
recognized as safe (Fernandez et al., 2014). Tireewlso one of the major bacterial
groups present in milk with potential to producdiraicrobial compounds (Arques et
al., 2014). Few of them have already been recognazeprobiotics (Deegan et al.,
2006). Besides starter culture in food, LAB hawodleen used for flavor and texture
production in the food for long time (Caplice & Zgerald, 1999). Antagonistic action
of these LAB, over harmful bacteria, makes mangiti@nal and commercial foods

microbiologically safe (Aguilar et al., 2011; Arquet al., 2014).

The use of chemical preservatives can be reducesiderably by the selection and
addition of proper novel isolates of lactic culirenhancing nutrients and extending
shelf life of food products (Bela et al., 2013).€eTlactic cultures obtained from
various dairy products have been used in food prasen (Mirhosaini et al., 2006,
2010; Yateem et al., 2008; Ali, 2011). Lactobagilliactococcus lactis and

Streptococcus thermophilus are major LAB which inhibits food spoilage and
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pathogenic bacteria thereby preserving the nutrigualities of raw food material for
an extended shelf life (O’Sullivan et al., 2002;llele 2011). Several metabolites and
end products of LAB fermentation act as biopresérea by reducing the risk of food
borne diseases (Maciel et al., 2003) and increasiaghelf life of foods (Deegan et
al., 2006). Thus, the presence of LAB may confel emhance the desirable qualities
leading to safety of products (Adams & Nicolaid&897). LAB were first isolated
from fermented milk (Metchnikoff, 1908; Carr et,&002) and have since been found
in food such as meat, milk products, vegetablesetages and bakery products
(Aukrust & Blom, 1992; Harris et al., 1992; Goblbet Corsetti 1997; Caplice &
Fitzgerald 1999; Jay 2000; Lonvaud-Funel, 2001;ubi&n et al., 2002; Liu, 2003).

Bacillus cereus, Escherichia coli, Listeria monocytogenes and Staphylococcus aureus
are frequent contaminants in milk products sucbuad @ahi), cottage cheese, mawa,
khoa, cream, butter and gulab jamun (Kumar & Sib®39; Rea et al., 1992; Oranusi
et al., 2007). In case of milk products, the higlesntamination was recorded in burfi
(33%), followed bydahi (20%), gulab jamun (20%), Khua (13%) and ice cr€¢a)
(Kumar & Prasad, 2010). Different sources invohdicectly or indirectly during
production of milk and its products such as dirgntts of workers, poor quality of
milk, unhygienic conditions of the manufacturingtuand water supplied for washing
the utensils are responsible for microbial contatiam of milk products besides the
post-manufacturing contamination (Tarig Masud et d988; Elmahmood &
Doughari, 2007)Escherichia coli, B. cereus, L. monocytogenes and S. aureu were
reported to be the most common contaminant pathodpacteria for gastrointestinal
infections, including food poisoning and food borlieess in Nepal (Joshi et al.,
2003). Therefore, the use of lactobacilli havingrfentative as well as preservative

properties can overcome the problem pathogen comgion in the milk products.

It is important from an industrial point of view amy industry incorporating probiotic
cultures should be able to cultivate and maintaedpecies and required strain(s) in
the purest of forms and in very high quantitiestisat a sufficient count can be
maintained. The strain so selected should not ableito frequent mutations as this
can change the characteristics, rendering stratitiad useless, if not harmful
(Dellaglio & Felis, 2005). On the other hand, itshto be amenable to molecular
modification techniques so that some other degiregerties may be incorporated to

make the existent strain a superior one.



CHAPTER 1: Introduction

Owing to such varied health benefits and the agepohctice of consuming these
cultures through fermented foods has given it adgdegree of safety, yet stringent
safety and toxicity studies are being conducted,tred no aspect of the above
mentioned properties remains unproven scientificalhis implies that the addition

of the probiotic cultures should not impart any esidable taste, odour or any other
sensory attribute other than that required in tedfproduct. If a culture fails to

achieve this objective, then external additive addimay be necessitated which may
change other product parameters and also decrkaseffectiveness of the culture
added.

1.2. Rationale

In the varied geo-climatic conditions found in tHenalayan country Nepal (ranging
from low land Terai to high Himalaya), a wide rangfedairy products originating

from different animals such as Chauri, Cow, Buffalod Yak are produced for
domestic and commercial purposes. Also, very lidhiterks so far have been carried
out in LAB and Probiotics from dairy products of pdé¢ Growing interest in

Probiotics due to their human health benefits prtechpus to undertake isolation,
molecular and probiotic characterization of indiges lactic cultures originating from

traditionally prepared curddghi).

All the lactobacilli obtained from curd collectesbiin various geo-climatic conditions
may not possess probiotic properties and hences ihdcessary to screen and
characterize for probiotic properties for futureodp medical and industrial
applications. Viability and survival of probiotiabteria are important characteristics
in order to provide health benefits. Besides caation of the GIT, there are several
factors including ability of the bacteria to tolexacidic pH of the stomach and bile,
binding capacity to intestinal cells and mucusjraitrobial inhibition and antibiotic
resistance profile are often the main criteria ndeo to be a putative probiotic
candidate (van Belkum & Neiuwenhuis, 2007). Howew®esingle probiotic candidate
may not exhibit all the probiotic properties (Delia & Felis, 2005). The beneficial
microorganisms obtained from curd collected in Hidnd Himalayan regions of
Nepal could be a potential source of biological enats for dairy industries.
However, limited studies aiming at characterizifge tdiversity and probiotic
properties of indigenous LAB of traditionally prepd dahi produced in different

geo-climatic conditions of Nepal have been caraetiso far.
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The fermented milk products such as curd contaiiA@ are traditionally used
every day as food in Nepal. The development ofetaulture having fermentative as
well as probiotic properties (pathogen protectivguld hold a great promise for
dairy industries. Hence present study was undartake examine antimicrobial
properties of lactic cultures having some probiaiitivities to develop probiotic curd
(dahi) and sweet curddghi) in laboratory scale. Given the beneficial effeofs
probiotics, it is essential that a safe mode oif th@ministration be established. Foods
are an ideal mode of probiotic administration,lesytare easily incorporated in them

and also reach the site of action without any leassl

Also, the concept of fermented foods, which is ohéhe easiest modes of probiotics
incorporation, is well established and accepted @feat diversity in the traditional
fermented food preparations gives ample opportuioitythe use of many available
cultures in the most suitable food matrices. Thes dvailable and novel foods that
incorporate probiotics may be classified basedhensubstrate used for fermentation
as milk based, cereal based, vegetable based ard b@sed. Characterizing
indigenous lactic cultures from traditional fermehtdairy such as curdéhi) and
using them as probiotic culture by developing patdwvith long shelf life, desired
viable count having health promoting effect cantdbote on a large scale to the

human well being in the near future.

Research questions of this entire investigation ayeWhat kind ofLactobacillus
species are found in curd? 2) Which are the dontilzemic acid bacteria present in
traditionally prepared curdD@hi) at different geo-climatic conditions of Nepal? 3)
Does diversity exist ihactobacillus isolates obtained from curdlghi) prepared at
different geographical location? 4) Does probiotproperties vary among
Lactobacillus spp. Isolated from different locations? 5) Is dspible to develop a
probiotic curd Dahi) using a novel lactic culture having probiotic a®ll as

fermentative properties?
1.3. Objectives

Under the present study, the isolation, molecula probiotic characterization of
lactobacilli was aimed from traditionally preparedrd @ahi) originating from

different geo-climatic codifications in search afentifying novel probiotics with
significant probiotic attributes for human consuiopt In order to establish LAB as
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potential probiotics, the isolates must be a kndsatate (molecular identification is
must), possess probiotic properties such as aaid béle tolerance, antimicrobial
activity towards pathogens and adhesion ability indestinal epithelial cells.
Additionally, the lactic isolates should be safe dige with respect to transmission of
antibiotic resistance genes. The milk product pregbavith lactic culture with such
properties could be an ideal product. Hence, taem$dthese problems, following

objectives have been set.

1.3.1. Toisolate lactobacilli from traditionally prepared curd (Dahi) samples at
various geo-climatic conditions of Nepal and to characterize them at phenotypic,

biochemical and molecular level.
The specific objectives are:

1.3.1.1. Isolation and Biochemical CharacterizatdrLactobacillus spp. from curd

samples.

1.3.1.2. Identification of the lactobacilli isolatat species level and study their intra

species molecular diversity.

1.3.2. To characterize the probiotic properties of selected lactobacilli isolated
traditionally prepared curd.

The specific objectives are to:

1.3.2.1. Evaluate gastrointestinal transit rests#an

1.3.2.2. Find ability to adhere Caco-2 monolayer.

1.3.2.3. Screen for antimicrobial activity agaisskected food borne pathogens.
1.3.2.4. Identify antibiotic resistance accordiadeFSA guidelines.

1.3.3. To prepare indigenous probiotic curd (Dahi) using the most potent
lactobacilli isolatesin laboratory scale.

The specific objectives are to:

1.3.3.1. Partially purify the antimicrobial substanof the indigenous lactic cultures

(active against food borne pathogens).
1.3.3.2. Use indigenous novel lactic isolates Iier preparation of Probiotic Curd

1.3.3.3. Evaluate the efficiency (action against-processing and post-processing

contaminants) of lactic cultures for future biomestive agents.
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20. LITERATURE REVIEW

2.1.0. Microoganisms, Foods and Human Health

Human health is one of the main reasons behind &mices and this has led to a
diverse range of food formulations with specifiadtionalities that provide better
health and wellness. Among several health disordégrs most common health
disorders associated with the diet pattern is diagjastrointestinal (Gl) disorders.
Such Gl disorders can be prevented to a certagnesttrough routine consumption of
foods with specific functionality. Hence, the coptef functional foods evolved as
the role of food in the maintenance of human heatith well-being and has received
increased scientific and commercial interest (Sanks & O’Brien, 1993). For the
preparation of functional food products, lacticdabacteria (LAB) and Bifidobacteria
are widely used. These organisms have been termeéeBrabiotic bacteria’ which
impart certain specific health promoting attributtsough oral feeding (Marks,
2004). Simultaneous with probiotics, the other tgorebiotics’ are known to be non-
digestible food ingredients (higher polysaccharigigsh as GOS, FOS, inulin) which
beneficially affect the host by selectively stintulg growth and/or activity of
selected group of bacterial genera (stimulatiomhef probiotic microroganisms) that
are normal inhabitants of colon (Gibson & Robedrdi995).

One of the essential criteria to confer health benen the host is that probiotic
microbes must be able to grow in the human intestind therefore, should possess
the ability to survive the passage through Gasttestinal Tract (GIT), and this
involves exposure to acidic environment in the stomand bile in the small intestine
(Kearney et al., 2008). Most of the probiotic steiare natural inhabitants of the
human intestine and are ‘Generally Regarded As’ $&RAS) along with acid and
bile tolerance and ability to adhere to gut epitedells (Lankaputhra & Shah, 1998;
Dunne et al., 2001). Hence, the best designed rfoutthe entry of these probiotic
bacteria is the diet, both for animals and humandse(Farnworth, 2008). Fermented
foods based on milk, cereals and legumes are anm@Engiost accepted and widely
used food carriers for delivery of viable probiotialtures (Kearney et al., 2008;
Roopashri, 2012). Probiotic bacteria and their fartation products appear to
influence the human health by preventing the calaton of pathogenic microbes

(Gmeiner et al., 2000; Fernandez et al., 2014)réThas been substantial evidence for
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the benefits of probiotics and prebiotics in lowgriof (i) lactose intolerance through
the activity of [-galactosidase, (i) antibiotic saesiated diarrhea, (iii) colon
carcinogenesis, (iv) hypocholesterolemic effect gmgd gut mucosal dysfunction
(Gallaher & Khil, 1999; Isolauri et al., 2001; Sahan et al., 2004; Schmid et al.,
2005; Casci et al., 2007).

Several research studies have established theyatiiliprobiotic bacteria to inhibit
pathogenic bacteria by the production of organidsa(such as lactic and acetic acids)
during fermentation process leading to low the gHhe intestine and as a result
inhibits the growth of undesirable bacteria (Goktep006; Varalakshmi et al., 2014).
In addition to these beneficial health effectsgegshers have also reported that the
major end products of fermentation in humans ae $ort Chain Fatty Acids
(SCFA) like those of acetate, propionate, and laéyr(Cummings 1981, 1991).
Besides, few other antimicrobial substances pradlwaeely by lactic acid bacteria
include hydrogen peroxide, carbon dioxide, diacetyl bacteriocins (Ouwehand &
Vesterlund, 2004). Probiotic bacteria like LAB aifidobacteria are also known to
synthesize folate, vitamin B12 and vitamin K, whiake vital components of the
human diet and involved in the biosynthesis of eatiles and cofactors in many

metabolic reactions (Barrett et al., 2004).
2.2.0. Traditional Fermented Foodsin Nepal

Fermentation is one of the oldest food preservati@thods, which became popular
with the dawn of civilization. As a result, the @éspment of a variety of tastes, forms
and other attributes have been coming up in theeptesociety (Campbell-Platt,
1987). It appears that fermentation originated e tsettlements of Indian
subcontinent that predate the great Indus Valleglization (Farnworth, 2008).
Fermentation is a process of convertion of compéex materials into simple one i.e.
into a range of value added products by utilizifge tgrowth phenomena of
microorganisms and their activities on various s@aass, wherein the knowledge of
microorganisms is essential to understand the psogEfermentation.

Traditional fermented foods and non-feremnted foads common in Nepal. These
have been the basis and are equally important&fdod security, preservation, and
cultural and ethical practices (Dahal et al., 20@iyersified ethnic communities,
culture and heritage have inherited various methotisfood preparation and
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consumption. Nepalese people are skilled at pregaand preserving locally
available foods for their food security for a longeeriod of time. The traditional
fermented foods are specific to certain geograpbasons and also to particular
communities. Also, most of the traditional techmgiés are passed from generations
as trade secrets in families of certain communitsesnetimes this kind of practice is
protected by tradition. Despite the primitive teclugies, they have played a major
role in raising economic status of Nepalese peodlmwvever, complete scientific
information on these various food products, theaditional principles, production
and preparation methods, and mode of consumpticthesfe products are lacking.
Presently, a number of fermented foods (such nuékeal and fruit & vegetables
based) and beverages have evolved over the yearsaAGrth, 2008).

2.2.1. Milk Based Products

Fermentation of milk, either knowingly or unknowipghas occurred since early
times resulting in various fermented milk produdtgrmented milk products are
known for their taste, nutritive value and therapmegproperties (Fernandez et al.,
2014). The nature of these products has differenh fregion to region depending on
the indigenous microflora, which in turn dependsmughe surrounding environmental
factors (Tamime & Robinsorn, 1998). The most popuiaditional fermented

products of Indian subcontinent are Cuhki), Mohi, Durkha, Chhurpi, Lassi, and
others. The use of desired microorganisms as ircdéise of controlled fermentation
would greatly enhance the chances of obtainingymtsdwith uniform and consistent

quality products of acceptable attributes (Rati B&al., 2006).
Curd (Dahi)

Curd Dahi) has been popular since antiquity which is widebnsumed all over
Nepal and in the neighboring countries such asajrBiangladesh, Pakistan and others
because of cultural, ethnic, health beneficial galtis consumed as plain, sugared or
salted products in different countries. Varietiédscord available in the market are
those of sweet, sour and flavored curd. The swedtand concentrated form déhi,
known asmishti doii.e. sweetlahiis popular in some parts of India such as Bengal;
(Early, 1998; Raju & Pal, 2009). Althougtahi and yogurt have many similarities,
some differences exist between them. The stargansms used for the preparation
of yogurt are thermophilic lactic acid streptocoetid thermophilic lactobacilli in
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equal proportions, whilelahi is prepared by using mixed culture $freptococcus
spp. (now Lactococcus such as Streptococcus thermophilus, Streptococcus
citrophilus and Lactobacillus species such ak. bulgaricus, L. plantarumetc.)
(Mahanta, 1984).

Dahi is considered as a sign of love which is one efdbmponents (out of five) in
panchamrit (symbol of purity). Panchamrit is agielus symbol of Hindus (Internet

visit 2014, http://alavelu.com/h-culture.hdmlIDahi is a Nepali word for curd or

yogurt. It is generally prepared from boiled cowbaiffalo milk by inoculating with a
small quantity of startebahi (back sloping technique) containing natural mikenet
or lactic acid bacteria (Koirala et. al., 2014)ffBient types of Dahi are prepared in
Nepal. However, JujudhoDahi is the most famous sweetened and flavddedhi
produced in Bhaktapur and Kathmandu districts (Katk86). The conversion of
milk into Dahi is an important intermediary step in the manufiactof Nauni

(indigenous dairy product equivalent to butter) ghde (butter-oil).

Commonly two types of curd are produced (Kharedlet2009). They are: (i) Sweet
and mildly sour variety with the pleasant flavond&(ii) Sour variety with a distinct
acid flavor. Sweet Curd is prepared using (singlynocombination)Streptococcus
lactis, S. diacetylactisandS. cremorisas the lactic culture. In Sour Cypdeparation,
additional cultures (singly or in combination) d&factobacillus bulgaricusand
Streptococcus thermophilase used.

A good quality of curddahi) is of firm and uniform consistency with a swegsiraa
and fresh acid taste. The surface is smooth amgsgland usually a cut surface is
trim, free from cracks and gas bubbles. The natrél and therapeutic values of curd
are rated as high (Varadaraj et al., 1993) whenpeoed to that of the milk used for
its preparationDabhi is easy to digest and has been found to haveircdrtalth
benefits (Sinha & Sinha, 2000). Laxminarayana et (4052) reported average
composition ofDahi prepared from whole milk is as follows: water &84 fat 5-
8%, protein 3.2-3.4%, lactose 4.6-5.2%, ash 0.3%,7actic acid 0.5-1.1%, calcium
0.12-0.14% and phosphorous 0.09-0.11%.

Besides commonly associated lactic acid bactetrains Lactococcus lactisssp
lactic, Lc. lactisssp cremoris, Lc. lactisssp diacetylactic, Leuconostoc cremoris,
Lactobacillus delbrueckssp.bulgaricus, Lb. acidophiluandLb helveticusselection
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of a good starter culture is important to obtaingeod flavor with desirable
characteristics. Use of both mesophilic and therpimim starters in various
combinations has been reported (Baisya & Bose, 1&Harma & Jain, 1975).
Addition of probiotic cultures such a$. acidophilusand Bifidobacterium bifidum
along with the regular lactic culture @fahi preparation increases the therapeutic
nutritional value of Curd (Vijayendra, 1994)ahi harbors potential source of lactic
acid bacteria and specieslaictobacillis are reported to be active against food borne
pathogenic and spoilage bacteria suchSgsphylococcus aureus, Bacillus cereus,
Bacillus licheniformis, Bacillus subtilis, Eschdria coli, Klebsiella sp. and
Pseudomonasp. (Balasubramanyam & Varadaraj, 1994). Furthestrain ofLb.
delbrueckii ssp. bulgaricus producing a heat stable bacteriocin with broad
antimicrobial activity and a potential for use asoad biopreservative was isolated

from fermented foods (Balasubramanyam, 1996).

As reported by Kharel et al. (200Dgahi can also been classified into two groups and

additional subgroups on the basis of intended .ese i

l.  For churning to produclauniand deshi butter.
Il. For direct consumption
a) Whole milk Curdand Skim milk Curd
b) Sweet (mild) Curd, Sour Curd and Sweetened Curd

In Nepal, mostly whole milk curds prepared, both for the production RBuni
(butter) and direct consumption. In the rural arégesmilk may be boiled for longer
period of time. The volume may be reduced to omel thf its original volume and
spontaneously fermented ifheki (a wooden vessel used for curd fermentation).
Fermentation is carried out overnight at room terafpee. Commercial production of

sweetdahiis also under practice in urban areas of Nepal.

Juju Dhauis a popular set-type of yogurt produced only imaBapur district by
Newar communityJuju Dhau[(juju means King’ and dhau mean®ahi’) in Newari
dialect] has a peculiar taste and appearance. ®us tinique sensory properdyju
Dhauis widely consumed as side dish in religious ceneies, festivals and carnivals.
Production ofJuju Dhau has remained confined to domestic or cottage scale
preparations for a long time (for over 400 yeansBhaktapur of Nepal (Dahal et al.,
2005).Juju Dhauis prepared preferably from buffalo milk. Becaitds concentrated
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for a fairly long time in Karahi (milk boiling ironessel), the product is rich in fat and
milk solid not fat (MSNF). Basically, there are twges ofJuju Dhay viz. (i) plain,
and (ii) sweet. The plain type is made without #ddiof sugar while the sweet type
is prepared by addition of 5% sugar on fresh makis.

Method of Curd (Dahi) preparation

There are different conventional methods for theppration oDahi, comprising the
use of starter cultures, even though this is n@usine practice. In most casé&ahi

is traditionally made at household level, withotarter cultures but using a portion of
previously produceddahi or Mohi or cream as inoculum. Usually, after hegtor
boiling, the milk is cooled to 30-4{C and then transferred to a wooden (locally
named Theki) vessel where it is left overnight am temperature (25-3(C).
Fermentation is carried out spontaneously by nhtaierobiota of the milk, along
with the microorganisms that persist on the surfaiceessels and in the processing
environment. In the Terai region and some Hillyioaeg, naturally red earthenware
pots (clay pot locally called “maato ko kataarof@ anore common used. These pots
have a porous surface, so moisture is absorbetebgdntainer especially when the
Dahi tends to exude some whey and also gives a “muddybr and a thicker
texture. This vessel is wrapped in cloth or hay,guthe top of sawdust, or in a straw
box to maintain the suitable temperature for therisg and coagulation processes.
This step is the most difficult to achieve in maegions of Nepal at high altitudes
(>3500 m), with low temperatures and consequentblpros related to slow
acidification and delay in coagulation. In Nepdilg ttraditionalDahi can also be
obtained by a semi-continuous method. Boiled andlecb milk, inoculated with
indigenous natural starter culture (in many cagesyiously madéabhi), is put in the
container, which is covered with clothes and keprru The next day, a further
guantity of cooled boiled milk is added and thenfentation process is continued.
This topping up with cooled boiled milk is repeatdally until the container is full.
After the last incubation, thBahi may either be consumed or churned to obtain butter

or other dairy products.

The traditional method of curddg¢hi) production is limited to small scale and is
produced either in consumer’s household or sweéens shop (in urban areas).
During winter season, the curd setting ves$bek) is kept over or near the fireplace

to maintain the warmth needed for fermentations lalso usual to wraphekiwith
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woolen cloth for the same. In case of small scaleroercial production method,
instead of Theki a circular earthenware pot is used for curdlingngisspecific

mesophilic and thermophilic cultures. For this kafccurd preparation, a good quality
of milk is boiled and cooled (spontaneous collingobdy temperature) and previous
day’s curd or cultured butter milk or fermented whe inoculated and incubated
overnight preferably near the fireplace to maintike warmth needed for the
fermentation. After incubation, a firm coagulumledlcurd ¢lahi) is formed which is

ready for consumption and is stored in refrigeratarl use (Kharel et al., 2009).

In spite of the fact that curd and other dairy jpictd play significant roles in human
health, they are most perishable products and twitamination leads to various
health hazards (Singh & Prakash, 2008). This probtan be solved by using a
technique known as; biopreservation. It is the afseatural or controlled microbiota

or antimicrobials as a way of preserving food artemding its shelf life (Baust &

Baust, 2006). The increase in resistance of foailegge microorganisms to current
preservatives, the consumer’s demand for safe ananally processed foods, and
the hazard associated with the use of high dosekeavhical preservatives have led to
the need for finding safer alternatives in foodsprgation. Consumers have also
become more critical about the use of synthetictaed to preserve food or enhance
characteristics such as colour and flavor (Bruld9(®. This has lead to a growing
trend towards use of minimally processed foods. éAsxonsequence, bacterial
antagonism has received considerable attentiomaod preservation (Aguilar et al.,

2011; Varalakshmi et al.,, 2014). Beneficial baetefisuch as probiotics) or

fermentation products produced by these bactemaused in biopreservation to

control spoilage and render pathogens inactiveaad f{Drosinos et al., 2005).
2.3.0. Nutritional value of Nepalese Traditional Foods

Traditional foods, both fermented and non-fermerttesie been the basis and are
equally important for food security, preservatiamd cultural and ethical practices
(Roopashri & Varadaraj, 2011; Roopashri, 2012). éMthran 80% of the people of
Nepal are involved in the agricultural professiomst of the food based traditional
technologies are passed on as trade secrets iiegmrof certain communities, a
practice protected by tradition (Karki, 1986; Dalsl al., 2005). Although the
technologies are primitive, they have played a megte in the economic status of

Nepali people. However, complete scientific infotima on these various food
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products, their traditional ethics, production gmeparation methods, and mode of

consumption of these products are lacking.

Among the diverse range of traditional foods of &lephe most popular and widely
consumed ones are those based on milk, cerealdegnthes fermentation (FAO,
1990). The scientific knowledge basis of nutritioreenefits of few traditional

fermented products of Nepal is documented but muoébrmation is still lacking

(Dahal et al., 2005). The complexity linked withettype of fermentation process,
product preparation parameters and final profilegiample opportunities to bring
into focus the importance of nutritional constitteem various fermented products of

Nepalese origin (Kharel et al., 2009).

Milk and milk products are main sources of protéat, lactose and minerals (Kharel
et al., 2009). Traditional butter and ghee are rtten source of energy. Chhurpi
which is solid hard casein contains 81 % proteith &h % fat. The normal traditional
butter may contain on average 18-25 % moistureh @®.85.5 % fat, 1-1.5 % non
fatty acids and solids and 0.2 to 0.5 % oleic agfdharel et al., 2009). The
composition may differ according to the manufactgrprocessDahi and lassi are

also of great importance in the diet as well asebeial lactic acid bacteria (FAO,

1990).

Dahi is one of the main traditional fermented milk prodeonsumed all over the
country as a part of food or desert. Also Lassirisk and is mainly used in villages.
Lassi contains more water than dahi. Curd and lasti contain fat, protein, lactose,
ash calcium, phosphorous which highlights thaig great nutritional value. Besides
these there are several traditional fermented mibdducts with good nutritional
values in different parts of Nepal. Koirala et §014) reported thatlahi from
different geographical locations contains diversdl lactic cultures and these

indigenous cultures are usually safe and couldsied as probiotics in future.

Traditional foods have been a very important péthe lives of people all over the
world, including Nepal. These products are richemergy, vitamins, and other
nutrients; organoleptically desirable; and add edln the raw ingredients (Dahal et
al., 2005). However, complete scientific informati@n the various aspects of
traditional foods is still lacking in Nepal. A cotepe scientific investigation on
“Dahi”, one of the major traditional fermented foods coned all the months
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throughout the country, is must amid the isolatijourification, and identification of
dominant desirable flora that are responsible lier unique quality of these products
(Dahal et al., 2005; Kharel et al., 2009).

The scientific advancement with regard to the ustaeding of role of probiotics in
the daily diet has proven beneficial to the healtithe population (Dave & Shah,
1996; Salminen et al., 1996). Careful evaluati@iection and incorporation of the
probiotic strains into fermented foods through dieéined starters would improve the
product further with better health benefits. Moregvthe fact that most of the
alcoholic beverages and dairy products are consuasedsuch without further
processing makes these foods the ideal choicebstrste for probiotic incorporation.
The products also contain high amount of lacticsl @me known to produce
bacteriocin that can act against foodborne path®d¥aradaraj et al., 1993). Pure
starter cultures with probiotic strains would eliraie pathogenic and toxin-producing
microorganisms from the fermented product and enshe health benefits to the

consumer (Varadaraj & Ranganathan, 1984).

Most of the traditional fermented foods and bevesagf other countries have been
well investigated and documented. Statistical datproduction, consumption, socio-
economy, microbiology, biochemistry, nutritionalople, and optimized production
methods of the traditional fermented foods of thosentries are available. In Nepal,
most of the traditional foods and beverages ard@oybe investigated. Few studies on
the selected foods like Gundruk, Masyaura, Kineama, Poko have been reported so
far (Dahal et al., 2005).

Some important aspects involved in the differemtdittonal foods are isolation,
purification, and identification of the dominantaroorganism. Due to the diversified
dietary cultures of various ethnic groups and wibiations in geo-climatic
conditions of Nepal, study on the microorganisnsoamted in fermented foods may
contribute significantly in food processing and ueladdition. The diversity of
microorganisms in food ecosystems has not beercisuly assessed, and they may
contain a number of strains that could be of sdierihterest or may have potential
industrial application. Very few traditional fernted as well as non-fermented foods
are being commercialized. However, Nepal still ©adsng way to go in value addition
to compensate the food scarcity or the addresisshie of food security.
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2.4.0. Lactic Acid Bacteria
2.4.1. Historical background of lactic acid bacteria

Lactic acid fermentation has a very old historyrnkentation technique has been
continewously used in various parts of the worlddayeral ethnic communites to
improve the storage qualities and retain the nwéri¥alue of perishable foods such as
milk, vegetables, meat, fish and cereals (Axels&@®94). Microorganisms such as
lactic acid bacteria play important role in presegv foods by carrying out

fermentation. In develoved countries, lactic acadttbria are mainly associated with
fermented dairy products such as cheese, butteramik yogurt. The production and
biotechnological uses of dairy starter cultures besome popular in food and health

sectors in this century (Roopashri, 2012).

The group ‘lactic acid bacteria’ concept was creédite bacteria causing fermentation
and coagulation of milk, and is defined as thoseclwiproduce lactic acid from
lactose. Orla-Jensen (1919) used the family nametobacteriaceae to a
physiological group of bacteria producing lactiedaglone or acetic acid, lactic acid,
alcohol and carbon dioxide. Nowdays, lactic acidctéaa are regarded as

synonymous with the family Lactobactericeae.

From the days of Russian scientist Metchnikoff @90actic acid bacteria have also
been associated with beneficial health effects. &itays, an increasing number of
health foods and so called functional foods inalgdbharmaceutical preparations are
being promoted with health claims based on theadheristics of certain strains of

lactic acid bacteria. Most of these strains, howgelvave not been thoroughly studied,
and consequently the claims are not well substadtiéMatar et al., 2001). Moreover,

health benefits are judged mainly using subjectivteria and the specific bacterial

strains used in the studies are often poorly ifiedtiso the informations available

about beneficial effects of lactic acid bacteriaymat be reliable. There is clear need
for comprehensive scientific study of the effectB.Atrains on human health for the

production of fermented foods and health supplement

Lactic acid bacteria are Gram-positive, catalasgatiee, devoid of cytochromes,
non-spore forming and non-flagellated rods or cowbich produce lactic acid as the
major end product during the fermentation of caylolvates (Axelsson, 2004). The

rods or cocci are present in varied forms like gingairs, chains and tetrads.
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Typically they are non-motile and do not reduceat@. Usually, LAB are found to be
associated with habitats rich in nutrients suchdk, meat, beverages and vegetables
products. Besides nutritional based habitats, sammealso members of the normal
flora of the mouth, intestine and vagina of mamm@sgelsson, 2004). They are
divided into four gener&treptococcus, Leuconostoc, Pediococcus, and Lacilbis.
Recent taxonomic revisions suggest that lactic dwadteria grouped could be
comprised of generaerococcus, Carnobacterium, Enterococcus, Lactdhaci
Lactococcus, Leuconostoc, Pediococcus, Streptospcdietragenococcusand
VagococcusOriginally, bifidobacteria were included in thermisLactobacillusand

the organism was referred tolamactobacillus bifidugAxelsson, 2004).

The classification of lactic acid bacteria into gemis mainly based on morphology,
mode of glucose fermentation, growth at differamperatures, and configuration of
the lactic acid produced, ability to grow at higltsconcentrations, and acid or
alkaline tolerance (van Belkum & Neiuwenhuis, 200&yditional characteristics
such as fatty acid composition and motility areduas basis of classification for some
newly described genera of LAB (Ljungh & Wadstrora02)

As mentioned above, lactic acid bacteria was a tesed synonymously with “milk
souring organisms’. Important progress in the syatecs of LAB was made when the
similarity between milk souring bacteria and oth&B from other sources was
recognized (Axelsson, 1993)erococcus, Lactobacillus, Leuconostoc, Pediocqccus
and Streptococcugdocumented in Bergey's Manual of Systematic Baaliggy) are
the genera that fit mainly with respect to genetesctiption of the typical LAB
(Kandler & Weiss, 1986). Basicallyactobacillus Leuconostoc and Pediococcus
have remained unchanged excluding some rod-shapgd &cid bacteria such as the
genus Carnobacterium which was previously inclutedhe generd.actobacillus
(Collins et al., 1987).

2.4.2. ldentification and Classification at genus level

The general basis for the classification of laatitd bacteria into different genera has
mainly remained unchanged since the work of Orfesde despite of their
morphology is which is regarded as questionabledkeyacter in bacterial taxonomy
(Woese, 1987). But morphology is still very impaitéeatures for defining lactic acid
bacteria. Lactic acid bacteria can be divided inmtmds (actobacillus and
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Carnobacteriu and cocci (all other remaining genera). Glucasenéntation) with
optimum conditions i.e., non limiting concentrasoof glucose, growth factors
(amino acids, vitamins and nucleic acid precursans) limited oxygen availability is
one of the important characteristic used for dédferating lactic acid bacteria (Desai,
2008). Based on glucose fermentation, LAB can b&l€éd into: 1) homofermentative
(convert glucose almost quantitatively to lactiddacand 2) heterofermentative
(ferment glucose to lactic acid, ethanol/aceticd aand CQ) (Sharpe, 1979). In fact, a
test for gas production from glucose Gas productiaring glucose utilization will
further distinguish into different groups (Sharf@79). Exluding_euconostocsnd a
subgroup ofLactobacillus (which are heterofermentative) and all other taetcid

bacteria are homofermentative.

Culture physiology study (i.e. growth charactecstiat different temperature, pH, salt
concentrations are userful to discriminate differgenera of LAB (Table 2.1). Some
of the cocci can be distinguished on the basisrofvth at certain temperatures.
Enterococci grow at 1{ and 45C, lactococci and vagococci at 1D, but not at 45
°C. Streptococci do not grow at 10, while growth at 45C is independent of the
species (Axelsson, 1993). Salt tolerance (upto b3y also be used to distinguish
among Enterococci, lactococci/vagococci, and sbieuici can also be distinguished
based on salt tolerance (upto 6.5%), even if differresponses can be observed
among streptococci (Mundt, 1986). The geneertagenococcusan be confirmed by
extreme salt tolerance upto 18% Acid and alkaliance are are very useful
characteristics (for differentiationg LAB as welk dor determining probiotic
properties). Growth at high pH of 9.6 can be cadinas enterococci with few
exceptions. Production of different isomers of iaccid during fermentation of
glucose can also be used to distinguish betweeodmmstoc (produce only D-lactic
acid) and most heterofermentative lactobacilli rffer DL-lactic acid) (Axelsson,
1993).

24.2.1. Hexose fer mentation

Hexose (e.g., glucose) can be utilized in two waydactic acid bacteria (Axelsson,
2004) (Figure 2.1). Glycolysis (Embden-Meyerhofhvedy), used by all lactic acid
bacteria except leuconostocs and group C lactdbaisl characterized by the
formation of fructose-1-6-diphosphate (FDP), whistsplit by an FDP adolase into
dehydroxyacetonephosphate (DHAP) and glyceraldefi@deghosphate (GAP). GAP
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Differential characteristics of Lactic acid bacie Aadopted fromixelsson (2004).

Rods Cocci

Character Cornob. Lactob. Aeroc. Enteroc. Lactoc.  Leucon. Pedioc. Streptoc. Tetragenoc. Weissefla
Vagoc. Oenoc.

Tetrad formation _ _ + _ _ _ + _

CO, from glucosé ° + _ _ _ + _ _ +

Growth at 10C + + + + + + + 3 +

Grwoth at 45C _ + _ + _ _ + + _

Growth at 6.5% NaCl ND  + + + B + + B +

Growth at 18% NaCl _ _ _ _ _ _ + _

Grwoth at pH 4.4 ND + _ + + + + _ +

Growth at pH 9.6 _ _ + + _ _ _ + _

Lactic acid L D,L,DLY L L L D L,DLY L D, DL®

&+, positive, -, negative, +, response varies betwapecies; ND, not detected.

® Weissella strains may also be rod-shaped.
¢ Test for homo- or heterofermentation of glucosmative and positive denotes homofermentative atertfermentative, respectively.
4 configuration of lactic acid produced from glucose
¢Small amount of CO2 can be produced, dependingemtian
"No growth in 8% NaCl has been detected.

9 Production of D-, L- or DL- lactic acid varies anwpspecies.
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(and DHAP via GAP) is then converted to pyruvata imetabolic sequence including
substrate level phosphorylation at two sites. Una@mmal conditions, i.e. excess
sugar and limited access to oxygen; pyruvate isiaed to lactic acid by a NAD+
dependent lactate dehydrogenase (nLDH), therebyidieong the NADH formed
during the earlier glycolytic steps. A redox balaris thus obtained, lactic acid is
virtually the only end product, and the metaboliogess is referred to as homolactic

fermentation.

Another main fermentation pathway has had sevesijdations, such as the pentose
phosphate pathway, the pentose phosphoketolasegatthe hexose monophosphate
shunt, and used by Kandler & Weiss (1986) in BegeMmanual, the
phosphogluconate pathway. It is characterized biairdehydrogenation steps with
the formation of 6-phosphogloconate, followed byatebxylation. The remaining
pentose-5-phosphate is splited by phosphoketolaseGAP and acetyl phosphate.
GAP is metabolized in the same way as for the dygimopathway resulting in lactic
acid formation. When no additional electron accea@vailable, acetyl phosphate is
reduced to ethanol via acetyl CoA and acetyldehfgiece this metabolism leads to
significant amounts of other end products (C€hanol) in addition to lactic acid, it is

referred to as heterolactic fermentation. Both famtation pathways are shown in

Figure 2.1.
25.0. Genus Lactobacillus
25.1. Historical background of the Genus Lactobacillus

Lactobacillusis the largest genus included in lactic acid b@ateThis genus is
heterogenous consisting of species having diffemrgnotypic, biochemical, and
physiological properties (Ljungh & Wadstrom, 200Bhe heterogeneity in the genus
can be detected by mol % G+C content of the DNApwcies. The range of mol %
G+C content inLactobacillusis 32-53% which is double the limit usually acespt
for a single genus (Schleifer & Stackebrandt, 1983)is genus was defined by
heterogeneity and is essentially rod-shaped laatc bacteria which can be
compared by an arrangement with the entire coclemitic acid bacteria included in
other genus. Summary of the characters used tmglissh among the three groups
and some of the more well-known species includeceach group (Table 2.2).
physiological basis for the division is (generallyg presence or absence of the key
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Figure 2.1. Major fermentation pathways of glucose: (A) Homalkacfermentatior

(glycolysis, Embdemeyerhof

pathways); (B) Heterolactic fermentation  (6-

phosphogluconate/phosphoketolase pathway). Selecedymes are numbered:

Glucokinase; 2. Fructo-1,6-diphosphate aldolase; 3. Glyceraldel-3-phosphate

dehydrogenase; 4. Pyruvate kinase; 5. Lactate depgdase; ' Glucose-phosphate

dehydrogenase; 7. Bhosphogluconate dehydrogenase; 8. Phosphoket6ladegtaldehyd:
dehydrogenase; 10. Alcol dehydrogenase (Axelsson, 1993).
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enzymes of homo-and heterofermentative sugar midabho fructose-1, 6-

diphosphate aldolase, and phosphoketolase, respgct(Kandler, 1983, 1984;
Kandler & Weiss, 1986). Lactobacilli are found ewehere (with respect to their
suitable nutritional environment) and many specles/e been used in food
applications. They are Gram-positive, non-sporeafog, rods or coccobacilli with a
G+C content of DNA usually <50 mol%. Lactic acidctexia due to their higher
molecular percentage of G+C contents in DNA andphaeed in the Actinomycete
branch while other lactic acid bacteria are replaicethe Clostridium branch (Table

2.4). The comparision of G+C contents in DNA of e genera of lactic acid
bacteria and phylogenetic relationship of lacticldmacteria according to G+C mol%

present in DNA are presented in Table 2.3.

Table 2.2. Arrangement of the genusactobacillusbased on the presence or absence of key

enzymes furing fermentation (Kandler & Weiss, 1986)

Group | Group Il Group Il
Character obligately facultatively obligately
homofermentative heterofermentative ~ heterofermentative
Pentose _ + +
fermentation
CO, from ) +
glucose
CO from 42 42
gluconate
FDP aldolase + + )
present
Phosphoketolase - b+ +
L. acidophilus L. casei L. brevis
L. delbrueckii L. cirvatis L. buchneri
L. helveticus L. plantarum L. fermentum
L. salivarius L. sake L. reuteri
a. When fermented.

b. Inducible by pentoses.
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Table 2.3. DNA base composition of different lactic acid baietgSalminen & von Wright,
1998).

Genus G + C % range
Lactobacillus 34.7-50.8
Streptococcus 33-44
Leuconostoc 39-42
Bifidobacterium 57.2-64.5

Lactobacilli are ever-present where carbohydrabestsates are available and thus are
found in a different habitats such as mucosal mamdés of humans and animals
(mainly in oral cavity, intestine, and vagina) ao plant materials and fermented
foods (Hammes et al., 1991; Pot et al., 1994). dlzatilli are strict fermentative,
aero-tolerant to anaerobic, aciduric or acidophili@ving many nutritional
requirements (e.g. for carbohydrates, amino agdgptides, fatty acid, esters, salts,
nucleic acid derivatives, vitamins) for their groméand metabolism. They do not
synthesize porphyrinoids and thus, are devoid omdidependent activities
(Axelsson, 2004).

Table 2.4. Phylogenetic relationship of lactic acid bactergsédd on the mol percent of G+C
content in DNA (Salminen & von Wright, 1998).

Branch
Mol % of G+C Clostridium Actinomycete
content in DNA <50 S50
Lactobacillus Bifidobacterium
Lactococcus Propionibacterium
Enterococcus Microbacterium
Leuconostoc Corneybacterium
Pediococcus Brevibacterium
Streptococcus Atophobium

Staphylococcus aureus

Bacillus subtillis
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25.2. Grouping of Lactobacillus

The primary interest of Orla-Jensen’s early desionipof lactic acid bacteria was
aimed to identify these bacteria for their useamyindustry in relevance to the study
of those bacteria found in Danish ‘dairy cheesekdlison, 2004). Orla-Jensen
recognized 10 species at that time. This numbeeased slowly only to 15 and 25
species, in the™and & editions of Bergey's Manual. Finally 44 specieséhaeen

mentioned in the latesf"%®dition of Bergey’s Manual. The number of spedsestill

increasing due to rapidly emerging of new taxonomiethods that allows precise

discrimination and identification of strains (Axets, 2004).

Kandler & Weiss, 1986 grouped lactobacilli based machemical-physiological
criteria neglecting the classical criteria of Odlensen such as morphology and
growth temperature since many of recently descriq@ecies did not fit into Orla-
Jensen’s classification. End products derived ftbm fermentation of pentoses are
not included in the description of new speciesaltgh the enzymes of the pentose
phosphate pathway may be present (permitting a fementative metabolism of
pentose) in lactobacilli. However, traditional d@siton is justified with regards to
hexose utilization. But some facultatively heterofentative species may produce
acetate, ethanol and formate instead of lactaten fpgruvate under low substrate
concentration and strictly anaerobic conditionstls® definitions have to be used
according to their limitations (Axelsson, 2004).

Lactobacilli may undergo homofermentative or hdementative by during glucose
fermentation. They may produce more than 85% laatic in homofermentation

process while different metabolites such as laati, carbon dioxide, ethanol or
acetic acid may be produced during heterofermamtgirocecss. Higher amounts of
acetate may be produced at the expense of laatatbanol in the presence of oxygen
or other oxidants. Further, Hammes & Vogel (199%9uged 56 species of lactobacilli
which are divided into three metabolic groups basedtheir patterns of sugar

fermentation and important physiological proper{igsble 2.5).

Group A: The obligatory homofermentative lactobacilli aneluded in this group.
Lactic acid is produced by hexose fermentationBA&P pathway while pentose or

gluconate are not fermentated.
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Group B: Facultative heterofermentative lactobacilli haveef grouped in this
grouping where hexoses are fermented to lactic\@ai@EMP pathway. Pentoses (and
often floconate) are also fermented since the asga possess aldolase and

phosphoketolase.

Group C: In this group obligatory heterofermentative laetobi have been grouped.
These lactobacilli follow the phosphogluconate paty to produce lactate, acetic
acid (ethanol) and Cy fermenting hexoses. Also, pentose enteringisighthway
and may be fermented.

Table 2.5. Grouping of different species of lactobacilli based their patterns of sugar

fermentation and important physiological properties

Fermentation type Species

Obligate homofermeters Lb. anamalis, Lb. aviarius, Lb. ruminis, Lb.
salivarius, Lb. sharpeae, Lb. yamanashiensis
(Lb. mali)

P. damnosus, P. dextrinicus, P. parvulus

Lb. agilis, Lb. alimentarius, Lb.

Facultative heterofermenters bifermentans, Lb. casei, Lb. coryniformis, Lb.
curvatus, Lb. graminis, Lb. homohiochii, Lb.
paracasei, Lb. pentosus, Lb. plantarum, Lb.
rhamnosus, Lb. sake

P. acidialactici, P. pentosaceus

Obligate heterofermeters Lb. brevis, Lb. buchneri, Lb. fermentum, Lb.
fructivorans, Lb. hilgardii, Lb. kefir, Lb. oris,
Lb. parabuchneri, Lb. reuteri, Lb.
sanfrancisco, Lb. suebicus, Lb.
vaccinostercus, Lb. vaginalis

25.3. The taxonomy of the genus Lactobacillus

The genud.actobacilluscomprises a large group of lactic acid bacterisictvare all
Gram-positive non-sporing cocci, coccobacilli odgsphaving a DNA G+C content of
less than 50% G+C and they lack catalase activityg aeed a fermentable
carbohydrate for their growth. The lactic acid leaiet in the broad sense comprise
genera such asAerococcus, Alloiococcus, Atopobium, Carnobacterium
Enterococccus, Lactobacillus, Lactococcus, Leucwmwys Oenococcus,
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Paralactobacillus, Pedicococcus, Streptococcusyabeinococcus, Vagococcasd
WeissellaThe genusifidobacterium, Gardenerella, ScrdoveadParascardoviaare
often also included in this collection, althoughyloigenetically they belong to the
Actinobacteria subdivision (PHYLUM 3) of the Gramsgitive Eubacteria (the
Firmicutes), comprising also Propionibacterium, Brevibacteriumand the
microbacteria. The latter taxa are only very diyarelated to the genuine lactic acid
bacteria (Ljungh and Wadstrom, 2009).

Garrity et al., 2004 reported that the geruactobacillus belongs to the phylum
Firmicutes Lactobacillaceae family includes the main family in the order
Lactobacillaleswhich belongs to the class Bacilli. From the otheembers of the
family mentioned above, the geneParalactobacillusand Pediococcusare most
noteworthy since species of these genera tendegomimgle phylogenetically with the

variety of species of the genlactobacillus(Axelsson, 2004).

The phylogenetic classification was mainly based tbe results of 16S rRNA
sequence analysis (Garrity et al., 2004), and noayeacessarily reflect the metabolic
diversity. Next to the 16S rRNA sequencing techaigs the species concept
(Stackebrandt et al., 2002). However, the spe@asapt remains subject of animated
debates among taxonomists (Rossello-Mora & Amaff,12 Rossello-Mora, 2003;
Gevers et al., 2005) and it remains the formal ahibacterial classification. Species
concept is as ‘a monophyletic and genomically cehercluster of individual
organisms that show a high degree of overall shitylawith respect to many
independent characteristics’, and is differentiable a discriminative phenotypic
property (Rossello-Mora & Amann, 2001). These pbglwetic concepts need
phenotypic characteristics which will discriminagepossible new species from its
closest phylogenetic neighbors. A species can durtle divided when phyenotypic
variation is considerable and later a species neaytther subdivided into subspecies
based on this phenotypic variation and subspe@asbat need not be supported by
genetic determinants (Rossello-Mora & Amann, 2001).

Practically, two main genotypic criteria are useddefine a species: strains with a
total DNA similarity of 70% or higher (relative klimg in a hybrid DNA
reassociation experiment) and a difference in tle#ing temperatureAT,) equal to
or lower than 5C, will be considered to belong to a single spebiesddition the 16S

rRNA gene sequence similarity should not differ entiran 3% (Axelsson, 2004).
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Ljungh & Wadstrom (2009) reported that similar prdares based on DNA-DNA
hybridization are still considered the gold staddeechnique for the delineation of
bacterial species. Since this technique is labsriduis very unpractical for the 113
species of the genusactobaillus Thus, the closer phylogenetic species are often
identified by a (partial) 16S rRNA sequencing, whafter comparison with the large
collection of 16S rRNA sequences available in pudktabases (such as GenBank),
allows the identification of the most closely reldtspecies for which DNA-DNA

hybridization will need to be set up.

Ljungh & Wadstrom (2009) summarized the severatoea given by Stackebrandt &
Goebel (1994) for several reasons; 16S rRNA gegaeseing can never be used as

the sole method for species delineation as lisetovin

1. Single representative strain per species usech®d6S rRNA analysis might be
the first limit which lacks the possibility to ptisih a new isolate in the biological
diversity of the species considered.

2. Also, the use of partial sequence is making thelres 16S rRNA sequences less
reliable for the analysis.

3. Reference sequences might have many sequencindy wilicalso influence the
final tree

4. Alignment of sequences is essential to calculatpesgce similarity which is
highly subjective task. It relys not only on a wbkabf algorithms, but often
manual editing is necessary to improve the redotidined. Critical are the ease,
one allows the software to create gaps, and thedefimed to extend these gaps.

5. In case of the the pairwise calculation of the sege similarities either gaps can
be included or not and phylogenetic correctionshmaapplied or not.

6. The choice of cluster algorithm and also the smlacof reference sequences
included can affect the shape of the final tree.

7. 1t was concluded that a conserved taxonomic matker16S rRNA is not really
suitable to study small difference between closelgted species.

Because of these reasons, 16S rRNA sequencin@pavilkseful to frame a new isolate
in a well known phylogenetic scheme, but may ndivesahe identification or

classification problem that exist in the taxonomyan Damme et al. (1996a)
suggested bringing a variety of information sourmgsa more reliable identification

or classification.
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Identification and classification are very impoitamce lactic acid bacteria have been
used widely in food applications (Van Demme et 4/996a). This discussion
regarding evolutionary deductions should automByiceeflect on nomenclatural
designation (Dellaglio et al., 2004b) is very relevone. Nomenclature is essential
for proper food labeling and will allow producers communicate in a formal way
about the bacteria they add to foods. Safety aspéut example have also been
linked to species definition (EFSA, 2008). Therefdris very important to support
the automatic link between evolution and speciafaa Quieroz & Gauthier, 1992;
Woese, 1998; Cantino 1999) but its automatic tedimsl into nomenclatural

designations can be questioned for practical aneratasons.
2.5.4. The taxonomic description of the phylogenetic groups

According to Schleifer & Ludwig (1995), Felis & Daglio (2005) and Salveti et al.
(2012), 15 groups have been reocognized. Thesefifgroups are: 1)actobacillus
delbreuckiiGroup (27 member of species), 2actobacillus salivariousGroup (25
member of species), 3)actobacillus ruteri Grop (15 member of species), 4)
Lactobacillus buchneriGroup (12 member species),l3ctobacillus alimentariugll
member of species), @)actobacillus brevisGroup (10 member of species), 7)
Lactobacillus collinoidessroup (5 member of species), I8 ctobacillus fructivorans
Group (5 member of species), Bactobacillus plantarumGroup (5 member of
species), 10Lactobacillus sakeiGroup (4 member of species), 1lactobacillus
caseiGroup (3 member of species), 12ctobacillus coryniformi&roup (3 member
of species), 13)Lactobacillus manihotivoran&roup (3 member of species), 14)
Lactobacillus prolengroup (3 member of species), 15ctobacillus vaccinostercus
Group (3 member of species).

2.5.5. Taxonomic techniquesused with lactobacilli

The bacterial lassification systems tend to be dyoaand as a result the
Lactobacillus taxonomy based on biochemical and physiologicderta differs
considerably with the schemes revealed by moleaukthods (Stiles & Holzapfel,
1997).

2551 Morphological techniques

Lactobacilli are rod shaped and therefore are diiffi to recognize by simple
morphological tests. Moreover, growth conditionsl @mowth stage of the bacterial
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cells may seriously affect their morphology and ynheterofermentative lactobacilli
may exhibit a coccobacillus morphohlogy, which ifficult to discriminate, for
example leuconostocs. The presence of endosporieglosion bodies, the number
and type of flagella, and the cell size can alsad® as the morphological techniques
to describe lactobacilli (Stiles & Holzapfel, 1997)

255.2. Phenotypic techniques

For species description phenotypic characters mpoitant and also have practical
importance. For example, discrimination betwéeeantobacillusandCarnobacterium
can easily be achieved since the later cannot gtgiH 4.5 or on acetate agar but can
grow at pH 9.0 (Hammes et al.,, 1991). But simpleg/splogical tests are not
sufficient for discriminating the 113 species laictobacillus and hence should be
supplemented with additional analyses of fermemtagproducts (Hammes et al.,

1991) and genotypic data.

There are number of disadvantages when the fert@mtpattern is used for
identification and taxonomic classification. Foraexple, inter-laboratory variation,
strain to strain variation and long processing §me&hich generally result in low
reliability of the identification and classificatioobtained. In order to improve
reproducibility, highly standardized, commerciallyailable systems can be used,
such as APl 20 STREP, API 50CH (BioMeriecux, Franbestabs (Rosco, Denmark)
or BIOLOG GP MicroPlate (BIOLOG Inc., USA). When database has to be
prepared, e.g. for identification purposes, thesgesns are preferred, as they often

also offer relevant reference databases (Stile&apfel, 1997).

Immunological techniques have been used in disnatmg LAB of various species
or strains, for example, fructose-1, 6-biphosplat®lase (London & Kline, 1973;
London et al., 1975; London & Chase, 1976), matizyenes, and glyceraldehydes-
3phosphate dehydrogenase (London & Chace, 198%) Ibeen used as evolutionary
probes. Phenotypic tests also include, for examphe registration of the
electrophoretic mobility of lactic acid dehydrogees or the electrophoretic
separation of whole cell proteins using (Sodium &udl Sulphate Polyacrylamide
Gel Electrophoresis; SDS-PAGE). The first techniqakectrophoretic mobility of
lactic acid dehydrogenases) has only historicaloitgmce and was used in the
acidophilusgroup (Fujisawa et al., 1992). SDS-PAGE, howensestfill used today, as
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it is reliable for most lactic acid bacteria at #pecies and subspecies level (Schleifer
& Stackebrandt, 1983; Dicks & van vuuren, 1987; &adal., 1996; Dicks, 1995; Van
Damme et al.,, 1996b). The major disadvantage ofteéchnique is the fact that it
yields only discriminative information on the spexilevel, requesting a certain
degree of pre-identification. This problem has begarcome by the creation of a
database of digitized and normalized protein pastéor a wide selection of reference
strains (Vandamme et al., 1996a). The instabilftgeveral phenotypic properties of
lactic acid bacteria can probably be linked to tresence of plasmids. This
phenomenon has hampered the use of phenotypicitette early taxonomy of the
lactic acid bacteria (Stiles & Holzapfel, 1997).

25521 Cell wall composition

The detection of the presence or absence of masouabpimelic acid in the cell wall
was one of the key parameters in the earlier itieation of lactobacilli (Kandler &
Weiss, 1986; Hammes et al., 1991; Hammes & He&6(3) which involves a
relatively simple thin layer plate chromatograpprocedure, which can be done on a
large number of strains (Kandler & Weiss, 1986).

In Lactobacillusspecies, peptidoglycan types differ in the amicid aequence of the
peptide moiety and the cross-linkage type. For mspgcies these differences are
stable on the species level. The Lys-D-Asp typthés predominant type within the
genusLactobacillus. This might be useful to differentiate the geMisissellafrom
other lactic acid bacteria (Bjorkroth & Holzapfe2003) andL. ruteri from L.
fermentumKandler & Weiss, 1986). The analysis, howevequrees the preparation

of purified cell walls and is therefore time consnga
25522 Serology

Serological technique is used to characterize dactebacilli. The sevel serological
groups, labeled A-G, have been described (Sha®e9,11981; Kandler & Weiss,
1986). However, unlike for streptococci, these ®sidlid not contribute significantly

to the identification and the classification oftlazacilli.
255.23. Chemotaxonomic markers

Lactoabcillusare found to have some chemotaxonomic markershieirt taxonomic
role is very limited. Meanquinones (MK), predomittanwith eight and nine
isoprenene units (Mk-8 and Mk-9), have been foundactobacillus yamanashiensis
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(now Lactobacillus mal only (Collins & Jones, 1981). Fatty acid methytex
(FAME) analysis has been used in lactic acid baci@chleifer et al., 1985; Collins
& Widdel, 1986, Collins et al., 1989a; Schmitt & 4989; Shaw & Harding, 1989;
Pompei et al., 1991; Bjorkroth & Holzapfel, 200Bensitivity of the method to
growth conditions particularly the growth temperatis the major disadvantage of
FAME analysis.

255.3. Genotypic techniques

The classification of LAB, described above, is &ygbased on phenotypic and
biochemical characters. In practice, in the routidentification of isolates, these
characteristics may not be enough to definitelygasa strain to a particular species.
Today, with the availability of rapid and automatB8lA sequencing technology,

direct sequencing of the 16S rRNA gene has emeagethe most powerful and
relatively easy one-step method for classificatidrbacteria. The determination of
16S rRNA sequences for the elucidation of the pigthy of the LAB during 1990

initiated a rapid development of DNA probes for ntigcation of these bacteria

(Stiles & Holzapfel, 1997).

The PCR technology is becoming more and more usefoacterial systematics and
genetics (the identification and classification gmsges). With this technique it is
possible to amplify a gene or a part of a gene feovery limited number of cells for
subsequent DNA sequencing. One of the targetsuidn amplifications is obviously
rRNA genes, and this method has replaced the reveasscriptase technique for
collecting rRNA sequence data for phylogenetic ysial With automated sequencing
systems and convenient direct PCR sequencing m&tltodas become an easy task
to determine the 16S rRNA sequence from any bactern a short time. PCR can
also be used in combination with probing technig(®alminen et al., 2004) or
actually can replace them since the oligonucleqgpisides designed from 16S rRNA

sequencing also can be used in PCR applications.
2553.1 DNA-DNA hybridizations and DNA base content

Wayne et al. (1987) mentioned the importance of EDMA hybridization technique
particularly in the species delineation. This taghe has been applied extensively in
the study of the taxonomy of lactobac{lBimonds et al., 1971; Dellaglio et al., 1973,
1973, 1975; Vescovo et al., 1979; Johnson et @B0;1Lauer et al., 1980; Dellaglio &
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Torriani, 1986). The hybridizations are often liedtto the type strains of a small set
of closely related species, often revealed aftartigd) 16S rRNA sequencing (e.g.
Lactobacillus concavusTong & Dong, 2005). Problems arise with DNA-DNA
hybridization when strains are phenotypically ideadt but reassociation values
around or below 70% limit are obtained (Van Daminal.e¢ 1996a).

Also, the DNA base content is part of every spedeBnition and for lactic acid
bacteria it is generally below 50%. Solrectobacillusspecies, however, have values
up to 55%. In practice, the G + C content shoult vay more than 5% within a
species and 10% within a genus (Schleifer & Stackett, 1983). Fot.actobacillus
this limit is clearly exceeded (Axelsson, 2004)digating the necessity of

subdivision.
255.3.2. Comparative analysis of 165/23SrRNA sequences

Comparative analysis of 16S/23S rRNA sequenciranes of the most powerful tools
for finding phylogenetic relationships among baetdiEnnahar et al., 2003). The
universal presence and the conserved nature, 1I83RINA has excellent properties
as molecular clock and was shown to be extremdighbie to study phylogeny
(Ljungh and Wadstrom, 2009). As a result, largeabase for sequence comparison
have been possible, which fortified the usefulnekshe technique for phylogeny
reconstruction. This 16S rRNA encoding gene regsareelatively small molecule and
it can be sequenced directly from PCR ampliconsguaniversal 16S primers. Even
though public databases contain relatively largenimers of partial 16S rRNA
sequences, mostly 1500 base pairs full 16S rRNAIesszps are obtained (Figure
2.2). Once sequences are obtained they can beedlaggrd similarity can be calculated
using various distance based and character bagedtlams. Sequence alignment can
be performed using a variety of algorithms andirsgdt implemented in a variety of
computer programmes (such as BioEdit Sequence rEddo assembly and
alignment). Phylogenetic relationship obtained térms of phylogenetic tree) may
slightly vary but bootstrap analysis can be carmed to test overall stability of
individual branches of the tree. Another way toorestruct phylogeny is based on
parsimony, which means that evolution is assumetat@ reached current situation
by the shortest possible route. Although this pplec can be questioned, it has
provided a stable basis for phylogenetic analyges the years (Ennahar et al., 2003;
Ljungh & Wadstrom, 2009).
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Most species descriptions of the lactic acid batémclude a 16S rRNA gene
sequence (partial or full) for re-evaluation of thgecies definition in bacteriology
based on the Ad Hoc Committee report. Being a aorsehousekeeping gene, 16S
rRNA gene is useful as a phylogenetic marker teaévelationships between more
distantly related genera of LAB or it can also pomt the misidentifications that

occurs at the genus level (Martinez Murcia & Cd|in990).

Historically, early 16S rRNA sequencing based dbations for the lactic acid
bacteria were made by Yang & Woese (1989); Coléhsl. (1989a, 1990, 1991);
Martinez Murcia & Collins, (1990); Williams et &1990); Wallbanks et al. (1990);
Bentley et al. (1991). As a major result, one stiocbnclude that the genetic
description of various species of Lactobacillus doet fit with the phylogenetic
structure (Collins et al.,, 1991). The most strikiognclusions highlighted by Pot
(2007) are: (i) the heterogeneity of the lactobbiadii) the rather close relationships
between some lactobacilli and some pediococci) {fie separate position of the
carnobacteria, more distantly related from theodlaatilli and more closely grouped
with the enterococci and wiNagococcus

Obligately heterofermentative as well as the oldlityehomofermentateive lactobacilli
are scattered over various evolutionary branchesu#ber of branches, however,
show a common type of carbohydrate fermentationjchvitould be used for

reclassification, supported by evolutionary relasbips (Hammes et al., 1991).

However, as stated earlier, one of the disadvastajehe 16S rRNA sequencing
technique is that the molecule is too conserveddar discrimination at the species
and subspecies levels (De Parasis & Roth, 1990sMigjy et al., 1991; Fox et al.,
1992; Martinez Murcia et al., 1992; StackebrandG&ebel, 1994). Species of the
lactic acid bacteria have been found to comprisatidal 16S sequences (Yoon et al.,
2000; Bjorkroth et al., 2002; Leisner et al., 2002pme of the_actobacillusspecies
have been named while for other species thereudicieant phenotypic and genotypic
differences to maintain a separate species statusC content, 16S rRNA similarity
values can only be used as an excluding critenid,oéher genotypic methods, such as
DNA-DNA hybridizations, but also multilocus sequenanalysis, may need to be
used (Ljungh and Wadstrom, 2009) for identificatparpose.
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Figure 2.2. Schematic representation of 16S-23S rRNA genegatec region of bacteria.

The 16S rRNA gene sequence analysis is widely aedapchnique for phylogenetic
analysis, 16S rRNA gene (1500bp) represents onaflgartion of the whole genome
of bacteria (Ennahar et al., 2003). In certain sasemplementary information is
needed to discriminate the strains of a given gseotherwise sequence varation
between the 16S and 23S rRNA gene and length wmariatill be helpful for
discrimination of the strais (Figure 2.2). Thisergenic spacer region is about 200
bases in length if tRNA genes are abscent (smaltepsequence) and hypervariable
in case of lactobacilli (Kim et al., 2003; CachatP&iest, 2005). ITS is a simple way
to identify the bacteria at species level. Tannaak al. (2002) showed the
identification of lactobacilli at species level mgiintergenic region sequence analysis
of isolate form human feces, rodent gastrointektisamples and procine
gastrointestinal contents. According to (Fortinaakt 2003) it can be used as a
gualitative technique to confirm isolate as lactwliaby simply comparing the
electrophoretic mobility pattern of PCR amplifiecbgucts on agarose gel, with the
same of any standard lactobacilli strain. In fdbge sequencing of whole bacterial
genome is the most useful tool to identify and abtarize bacteria including
probiotics. But genome sequencing is a laboriousratatively expensive technique
hence it is not widely accepted. However, wholeoge® sequencing has been very
useful to understand the underlying molecular meismas behind the probiotic

properties and other important properties of dsirgins (Fortina et al., 2003).
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25533 Sequencing of housekeeping genes

For the species definition in Bacteriology, sequegof housekeeping genes has
been a promising tool for several phylogenetic issiStackebrandt et al., 2002). The
typical constitutive genes are known as housekegega@mes which are required for the
maintenance of basic cellular function. These hkersging genes are expressed in all
cells of an organism under normal and patho-phggioal conditions (Eisenberg &
Levanon, 2003; Kon Butte, 2001; Zhu, 2008). Alsevés suggested to use a Multi
Locus Sequence Typing (MLST) approach along withgbquencing of at least five
house keeping genes located in diverse chromosdawal which are widely
distributed among taxa. The MLST technique has besy useful for taxa such as
Neisseria while for other taxa such ddelicobacterit was not very conclusive
(Ljungh and Wadstrom, 2009; Internet visity, 201Http://pubmlist.org/ For

streptococci and enterococci traditional MLST teghes have been purposed
(Enright & Spratt, 1998; Enright et al., 2001; Haomet al., 2002; King et al., 2002;
Ljungh and Wadstrom, 2009; Internet visit, 2014p#efacium.mist.ne}/ Recently,
Ramachandran et al. (2013) reported that MLST teclen is useful for

characterization and strain discrimination Lafctobacillus species as compared to
PCR-RFLP which clusters strains into the specig¢ddmk strain level discrimination

and RAPD-PCR which shows highly discriminatory esf but lack reproducibility.

In Lactobacillus sequencing of a more limited number of selectexeg has proven
to be quite promising. Thea 38 kilodalton protein essential for the repaid an
maintenance of DNArécA), 60 kDa Chaperonin protein subunitepn6Q, EF-tu
elongation facturetf) and surface layer proteislp) genes have been used in case of
Lactobacillus(Felis et al., 2001; Torriani et al., 2001; Deliaget al., 2004b; Bringel
et al., 2005; Cachat & Priest, 2005). In additiphenylalanyl-tRNA synthase alpha
subunit pheg and the RNA polymerase alpha subumgo@®) (Vancanneyt et al.,
2006; Naser et al., 2007) have also been usé@atobacillus In Enterococcusthe
alpha subunit of ATP synthasatgA), rpoA and pheShave been used successfully
(Dahlhof et al., 2000; Naser et al., 2005) ayylA, gyrB, sodaand parC genes in
Streptococcus(Kawamura et al., 2005). The most interesting espE these
evolutionary studies is the comparison of the pbeteetic trees obtained with
different housekeeping genes, combinations of Haeg®ng genes or the comparison
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with trees obtained from 16S or 23S ribosomal RN&guence (Ljungh and
Wadstrom, 2009).

2.5.534. Genotyping of lactobacilli

Many molecular typing techniques revealing reladlips at the subspecific or strain
level have been used in lactobacilli. These tealesqinclude DNA restriction
fragment length polymorphism (RFLP) (Uaviz et aD04), ribotyping (Bjorkroth &
Korkeala, 1997; Bjorkroth et al., 2002, 2003; Suzekal., 2004; Kostinek et al.,
2005) or involving in the use of specific oligonetide probes or primers that have
been designed to allow quick identification of wais species (Andrighetto et al.,
1998; Torriani et al., 1999; Lick et al., 2000).

Amplified Ribosomal DNA Restriction Analysis (ARDRAs one of the PCR based
genotyping technique used in lactobacilli which ladlewed the construction of a
library of reference strains for identification (&ifa et al., 1998; Ventura et al.,
2001). Polymerase chain reaction (PCR)-based tqubsi have also been very
successful. The target sequence can be a Repdittragenic Palindromic (REP)
sequence (ERIC-PCR, GTG5-PCR, Box-PCR) (De Urrazd.,€2000; Gevers et al.,
2001; Masco et al., 2003; Kostinek et al., 2005¢ecSet al., 2005a,b) or a random
sequence (Random amplified Polymorphic DNA; RAPMos$chetti et al.,, 1997;
Torriani, et al., 1999, Dellaglio et al., 2005; ¥aéva et al., 2005). These techniques
all have in common that they are easy to perfornthout extensive laboratory
equipment. The disadvantage using RAPD-PCR is #wust| reproducible and

comparatively REP-PCR is more reproducible.

More reliable is the Amplified Fragment Length Ruobyphism (AFLP)
fingeriprinting technique, which also gives informoa at the species level. This
technique has been used in lactic acid bacteriddihaglio et al. (2005); Valcheva et
al. (2005); Vancanneyt et al. (2005). A fluoresceatiant has been described by
Vancanneyt et al. (2005). AFLP fingerprinting hdsoabeen used to trace the origin
of LAB that are dominant during a fermentation @mex (Nokuthula et al., 2000).

In clinical microbiology, Pulsed Field Gel Electiapesis (PFGE) technique is
considered as the gold standard for bacterial tygind epidemiology. However, it

has not been used extensively in LAB. Examples@atics can be found in Guopeng
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& Holley (1999), Orrhage et al. (2000), Blaiottaadt (2001); Somers et al. (2001);
Coppla et al. (2003); Dalgaard et al. (2003).

2.5.6. TheLactobacillus Classification and Phylogeny

Various methods and principles can be used for diassification of bacteria.
Phylogenetic principle is one of them and the nreiable and accepted one as it
deals with evolutionary principle. The phylogeneposition of Lactobacillus
according to the Taxonomic outline of the ProkaggafGarrity et al., 2004), is within
the phylum Firmicutes, class Bacilli, order Lactobales, family Lactobacillaceae.
Its closest neighbours are the gendrauconostoc, Oenococcuand Wissella
(Hammes & Hertel, 2003; Pot, 2007). Most specieshef genusPediococcusand
Paralactobacillus selangorensitiowever, fall within the phylogenetic group okth
lactobacilli.

Colllins et al. (1991) originally discriminated #®& phylogenetic groupsz. 1) theL.
delbrueckiigroup, 2) thd.. casei — Pediococcugoup and 3) theeuconostogroup.
Later, someLactobacillus species were classified in the genéeuconostocand
Weissellareducing the heterogeneity of genluactobacillus (Collins et al., 1993).
ThelL. delbrueckiigroup was renamed asacidophilusgroup by Schleifer & Ludwig
(1995) and the heterogenolus casei— Pediococcuggroup was splited into smaller
subgroups: thé.actobacillus buchnergroup, theL. caseigroup, the L plantarum
group, thel. reuterigroup and.. salivariusgroup. In the meantime, some species of
the genus have also been transferred to gener€ahabacteriumand Atopobium It

is very likely that the genus will be further swdded into multiple new genera,
restricting the nameactobacillusto the group of species arouhd delbrueckij the
type species. As mentioned before, the taxonomierbgeneity is nicely illustrated
by DNA G + C content which range from 32 to 54 mpR& too broad for a genus
(Schleifer & Stackebrandt, 1983).

The number of genera to be defined or created doelld matter of long debate. The
parameters and algorithms used for phylogenetie t@enstruction as well as the
number of 16S rRNA sequences used, will heavilyewheine the result of the
analysis. More diverse sequences will result in ynamore gaps in the aligned
sequences and therefore give rise to differentldewd similarity. Phylogenetic

positions of species, represented by a single segueavill therefore easily change
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positions when included in a dendrogram represgrttie family Lactobacillaceae,
the genud.actobacillusor the subgroupk. acidophilus Dellaglio & Felis (2005) also
noted that the addition of novel species dramdyicahanges the phylogenetic
structure of the genus, even in short time, whiem @lso explain why in the
taxonomic literature many different groupings amshdrograms will be encountered
for the genudLactobacillus This phenomenon will clearly render the decision
create new genera for recognized phylogenetic graafher difficult. The lack of
clear phenotypic markers that helps to recognizsehphylogenetic groups has
rendered the task extremely difficult. It can beéx that the gradual availability of
other sequences than 16S rRNA sequences (e.ginpoai@ing sequences from the
recA, cpn60, tuf, slp, phesdrpoA genes) will help to delineate consensus groups
that can be considered for the definition of newega (Collins et al., 1993).

2.6.0. Probiotics
2.6.1. Introduction

The Gastro Intestinal (Gl) microflora plays an intpat role in the health status of
people and animals (Fuller, 1989). In past yeitues primary function of the human
gastrointestinal tract had been considered as tibgesnd absorption of nutrients and
excretion of waste products. However, these dayfas been accepted that the
gastrointestinal tract performs many other funjomhich are essential for our well-
being (Mombelli & Gismondo, 2000). The Gl tract mregents a much larger contact
area with the environment, compared to the two iqoreeter skin surface of our body
(Van Dijk, 1997). The mucosal surface of the snrakstine is increased by forming
circular folds called intestinal villi and the foation of microvilli in the enterocyte
resorptive luminal membrane. The resulting surfaficthe Gl system is calculated to
be 150-200 square meter. Therefore it provides gmapace for the interaction
related to the digestion and for adhesion to theasal wall. The intestinal tract of
human is host to a vast ecology of microbes andrarmore than 500 identified
species that can be cultured and many bacteriaciratot be cultured and properly
identified (Ljungh & Wadstrom, 2009). These baaeshich are necessary for health
have the potential to contribute to the developnrdiseases also by a variety of
mechanisms (Pham et. al., 2008). Mucosa of the r&it tfunction as a barrier
excluding and eliminating numerous antigens derivedh the external environment.

The peaceful co-existence of microbes with the l®seferred to as host-microbe
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cross-talk, implying a benefit of the microbial peace to the host. Perturbations in
the intestinal epithelium can lead to an inflammat@sponse resulting directly from
microbial products that alter underlying epitheliuon allow bacterial and food
antigens to stimulate the mucosal immune systemerdations between intestinal
microbes and the host are the subject of intensngoing research as these changes
influence a variety of diseases. The intestinal raiicra can be altered by the
administration of antibiotics, prebiotics (i.e. @iy components that promote the
growth and metabolic activity of beneficial bact@rior administration of probiotics
(i.e., beneficial bacteria) (Harish & Varghese, @00

Probiotics are defined as “live microorganisms Wwhichen administered in adequate
amounts confer a health benefit on the host” (FABQY 2001). The term probiotic
was initially used in the 1960s and came from ae&reord meaning “for life”.
Although a relatively new word, the beneficial etieof certain foods containing live
bacteria have been recognized for centuries. Howévevas not until the early 30
century that investigators suggested gut floractta altered with beneficial bacteria
replacing harmful microbes, leading to the conadgirobiotics (Senok et. al., 2005).
Increasing clinical evidence supports some of tlop@sed health benefits related to
the use of probiotics, particularly in managing taer diarrheal diseases.
Microorganisms considered as probiotics are ligiable 2.6). Probiotics, which are
regulated as dietary supplements and foods, cooligtast or bacteria. These days
they are also available as capsules, tablets, paaepowders and are contained in
various fermented foods, most commonly yogurt arydarinks. Probiotics products
may contain a single microorganism or a mixturaeferal species. The most widely
used probiotics include lactic acid bacteria, dpedly Lactobacillus and
Bifidobacteriumspecies. It is noteworthy that probiotic effe@sd to be specific to a
particular strain, so a health benefit attributed ane strain is not necessarily
applicable to another strain, so there can be t@mian probiotic properties even
within one species. Therefore, generalizations apotential health benefits should
not be made (Vanderhoof & Young, 2008).

The rationale for using probiotics involves restgri microbial balance. An
appropriate balance of gut flora is generally neamed, however, antibiotics,
immunosuppressive medications, surgery, and ifiatiZzan cause an increase in the

pathogenic bacteria and disrupt this homeostasiarftr & Malagelada, 2003).
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Table 2.6. Microorganisms considered as probiotics (Ljungh &dstrom, 2009).

Lactobacillusspp. Enterococci Bifidobacteriurapp.  Other organisms

L. acidophilus E. faceium B. adolescentis Bacillus cereus var.
toyoi

L. amylovorus E. faecalis B. animalis Escherichiali cstrain
Nissle

L. crispatus B. bifidum Saccharomyces

cerevisiae (boulardii)

. delbrueckii ssp. B. breve
ulgaricus

. fermentum B. infantis
. gallinarum B. longum

. gasseri

L

B

L

L

L

L .helviticus
L. johnsonii
L. paracasei
L. plantarum
L. ruteri

L. rhamnosus
L

. salivarius

Probiotics may restore the microbial balance inghstrointestinal tract. However, in

order for probiotics to be successful, they mussspss certain characteristics.
Probiotic organisms must be able to withstand mess$hrough the gastrointestinal
tract (i.e., survive acid and bile environment)Jooze and reproduce in the gut,
attach and adhere to the intestinal epithelium, statbilize the balance of the gut
flora. Furthermore, probiotic strains must be sarel effective in humans, remain
viable for the shelf life of the product, and dd have pathogenic properties (Goldin,
1998). Products containing more than one organrenparticularly appealing for two

reasons: colonization in some patients may occtlr @ne strain and not another, and
probiotic mixtures may be synergistic in suppregsiathogens (Gibson & Fuller,

2000).
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2.6.2. TheHistory and the Definition of Probiotics

The word ‘probiotic’ came from Greek language ‘fmios’ which means ‘for life’ as
opposed to ‘antibiotics’ which means ‘against liferobiotics history initiated with
the history of man consuming fermented foods whihwell known Greek and
Romans history (Gismondo, et. al., 1999; Guarntrale 2005). In 1908 a Russian
researcher Ellie Metchnikoff, a Nobel Prize winriestly proposed the beneficial
effects of probiotic microorganisms on human hedWletchnikoff hypothesized that
Bulgarians are healthy and long lived people bexaat the consumption of
fermented dairy products which consists of rod slddpacteria, theactobacillusspp.
Therefore, these bacteria positively affect the quitroflora and decrease the
microbial toxic activity (Cakir, 2003; Chuayana at., 2003). The term ‘probiotic’
was first used in 1965 by Lilly & Stillwell to desbe substances which stimulate the
growth of other microorganisms (Guarner & Malagalad003). Subsequently, the
word ‘probiotic’ was used with different meaningcaoding to its mechanism and
effects on human health. The meaning was improwdtd closest one we use today
by Parker in 1974. Parker defined ‘probiotic’ asbistances and organisms which
benefits to the intestinal microbial balance’. latdhe meaning of ‘Probiotic’ was
improved by Fuller (1989) as a live microbial sugpent which affects host’s health
positively by improving its intestinal microbial laace. This definition was further
broadened by Havenaar & Huis in’t Veld in 1992 uthg mono or mixed culture of
live microorganisms which is applied for animal amgman (Guarner, et. al., 2005;
Sanders, 2003). In the following years, lots ofeseshers studied on probiotics and

proposed many definitions which are listed below.

1. “Living microorganisms, which upon ingestion in @n numbers, exert health
benefits beyond inherent basic nutrition” by Sceasf (1996).

2. “A microbial dietary adjuvant that beneficially affts the host physiology by
modulation of mucosal and systemic immunity, aslaslimproving nutritional
and microbial balance in the intestinal tract” bgidu et al. (1999).

3. “A live microbial food ingredient that is benefitin health” by Salminen et al.
(1998).

4. “A preparation of a product containing viable, defili microorganisms in
sufficient numbers, which alter the microflora (pyplantation or colonization) in
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a compartment of the host and by that exert beaéfiealth effects in this host”
by Schrezenmeir & de Vrese (2001).

5. “Live microorganisms which when administered in e amounts confer a
health benefit on the host” is accepted by FAO/WKRD01) (Kalaenhammer
2000; Sanders 2003; Guarner et al., 2005).

The probiotic concept has broad applications in yrfalds relevant for human and

animal health, and probiotics are also challendangndustrial applications (Guarner

& Malagelada, 2003). Probiotic products consistdifferent enzymes, vitamins,

capsules or tablets and some fermented foods contaroorganisms which have

beneficial effects on health of the host (Fernaretea., 2014). They can contain one
or several species of probiotic bacteria. Mosthef products for human consumption
are produced in fermented milk and are given in gew or tablets. These capsules
and tablets are not used for medical applicatidii®ey are just used as health

supporting products. The oral consumption of pribimicroorganisms produces a

protective effect on the gut flora. Numerous stadseiggest that probiotics have

beneficial effects on microbial disorders of the, dput it is really difficult to show the
clinical effects of such products. The probiotiearations have been applied in the
treatment of traveler’s diarrhoea, antibiotic assed diarrhoea and acute diarrhea

which have showed that they have positive therapeeftect (Quwehand, 1999;

Gismondo et al., 1999; Cakir, 2003).

Human intestinal tract harbors hundreds of badtepacies which enormously is a

complex ecosystem that includes both facultativeaeawbic and anaerobic

microroganims (Naidu et al., 1999). The numbergefera is nearly steady, because
each has its own growth niche (Fooks et al., 1998¢. gut microflora composition is
stable but some times can be affected by sevembrta such as age, diet,
environment, stress and medication. To have a healittestine the balance of
bacteria must be maintained but this is difficudtthe lifestyles are changing. Lots of
factors may change the balance away from poteptiaheficial or health promoting
bacteria like lactobacilli and bifidobacteria andvdr potentially harmful or
pathogenic microorganisms like clostridia, sulphatgiucers, and bacterioides species

(Jacobsen et al., 1999). It makes the host moreptible to the illnesses. In this case

the prevalence of the beneficial bacteria mustuppaerted. Use of proboitics help to

protect the host from various intestinal diseases disorders while increasing the

number of beneficial bacteria and make the balatezdy again (Fooks et al., 1999).
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Probiotics are suggested as food to provide thanial of intestinal flora (Holzapfel
et al., 1998). Probiotics are being used for a ltmg in food ingredients for human
and also to feed the animals without any side effé&rques et al., 2014). Probiotics
are acceptable because of being naturally harbonedestinal tract of healthy human
and in foods (Chakir, 2003).

2.6.3. TheBeneficial Effects of Probiotics on Human Health

A number of research studies have been conductseati@h on the health benefits of
fermented foods and probiotics. However, in moghete studies researchers did not
use sufficient scientific tests and did not use Iwaaracterized and itentified
microorganisms (Cakir, 2003). While a number oforted effects have been only
partially established, some can be regarded aslisstad and clinically well
documented for specific strains (Elmer et al.,, 30The health related beneficial
effects of probiotics are: 1) Managing lactose lgr@ance, 2) Improving immune
system, 3) Prevention of colon cancer, 4) Reduatiocholesterol and triacylglycerol
plasma concentrations (weak evidence), 5) Loweblupd pressure, 6) Reducing
inflammation, 7) Reduction of allergic symptoms, Byneficial effects on mineral
metabolism, particularly bone density and stahil@® Reduction ofHelicobacter
pylori infection, 10) Suppression of pathogenic microaigias (antimicrobial effect),
11) Prevention of osteoporosis and 12) Preventfamragenitial infections (Dugas et
al., 1999; Schrezenmeir and De Vrese, 2001; Duhak,&001; Cakir, 2003; Luongo

et al., 2013). Some of these effects are reviewetkiail in following section.
2.6.3.1. L actose I ntolerance

In humans, particularly among non-Caucasians, sactotolerance is prevalent after
weaning. These lactose intolerant people canncaboérze lactose due to the lack of
essential enzym@-galactosidase. When they consume milk or lactosgaming

products, symptoms including abdominal pain, btagtiflatulence, cramping and
diarrhea ensue (Lee & Salminen, 2008). If lactoassps through from the small
intestine, it is fermented to acid and gas in thegd intestine by the colonic
microflora. Also, the presence of breath hydrogea signal for lactose maldigestion
(Otles, 2013; Fernandez et al.,, 2014). The stugiewide information that the
addition of certain starter cultures to milk protijcallows the lacatose intolerant
people to consume those products without the ussal of breath hydrogen or
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associated symptoms (Scheinbach, 1998; Fooks, 4198l9). The beneficial effects of
probiotics on lactose intolerance can be explaing@vo ways. One of them is lower
lactose concentration in the fermented foods due¢h® high lactase activity of
bacterial preparations used in the production. dther one is increased active lactase
enzyme enters the small intestine with the fernmergeoduct or with the viable
probiotic bacteria (Salminen et al., 2004; Mattarak, 2012). When the yogurt is
compared with milk, because the lactose is congletdelactic acid and the yogurts
consist of bacteria-galactosidase enzyme, it is suitable and benéfimabe
consumed by lactose intolerant people. Furthermibve, LABs which are used to
produce yogurviz. Lactobacillus bulgaricusand Streptococcus thermophilase not
resistant to gastric acidity. Hence, products dairtg probiotic bacteria are more
efficient for lactose intolerant human.

It is thought that the major factor that improvile tigestibility by the hydrolysis of
lactose is the bacterial enzyriegalactosidase. Another factor is the slower gastri
emptying of semi-solid milk products such as yogBu thep-galactosidase activity
of probiotic strains and other lactic acid bactemsed in dairy products is very
important. B-galactosidase activity of various probiotic organs varies greately.
Both the enzyme activity of probiotic strain ane tctivity left in the final product
have to be considered for their use in lactoselerdaat subjects (Salminen et. al.,
2004).

2.6.3.2. Effects on Immune System

The effects of probiotics on the immune system premising, however, the
mechanisms involved are not well understood. Huratudies have shown that
probiotic bacteria can have positive effects on ithenune system of their hosts
(Mombelli & Gismondo, 2000; Luongo et al., 2013gv8ral researchers have studied
on the effects of probiotics on immune system dton. Somen vitro andin vivo
researches have been carried in mice and somemarh@Figure 2.3). Data indicate
that oral bacteriotherapy and feeding live bacterifermented milks supported the
immune system against some pathogens. Probiotiestahe immune system in
different ways such as producing cytokines, stimmmgamacrophages and increasing
secretory IgA concentrations (Scheinbach, 1998;d3uet al., 1999; Cakir 2003).
Link-Amster et al. (1994) examined whether eatirggnfented milk containing

Lactobacillus acidophilugal and Bifidobacteria could modulate the immune
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Figure 2.3. Schematic representation of lactobacilli mediaiednune modulation in

intestinal mucosa. Probiotic lactobacilli inducggsle mucin secretion from globlet cells, 2)
secretion of antimicrobial peptides induced fromnd?a cells, and 3) translocation via M cell
to the localized lymphoid tissues and interact withmune cells which in turn alter the

cytokines and chemokines expression and also &tilva native T cells.

response in human. Volunteers were given the &stednted milk over a period of
three weeks during which attenuat8dlmonella typhiTy2la was administered to
mimic an enteropathogenic infection. After threeskse the specific serum IgA titre
raised in the test group was > 4-fold and signifigahigher (p=0.04) than in the
control group which did not eat fermented foods tadeivedS. typhiTy21a. The
total serum IgA was also found to be increasedsé&hesults showed that LAB which
can survive in the GI can act as adjuvant to thedrmal immune response (Quwehand
et al., 1999). Perdigon et al. (1986) fed the nvigen lactobacilli or yogurt and it
stimulated macrophages and increased secretoryctg#centrations (Scheinbach,
1998). Also in a human trial Halpern et al., (1984g humans 450 g of yogurt every
day for four months and at the end a significantease is observed in the production
of y-interferon (Fooks et al., 1999) was observed. Alactobacillus rhamnosu&G
and Bifidobacterium lactis Bb-12 derived extracts suppressed lymphocyte
proliferationin vitro (Mattilla-Sandholm & Kauppila, 1998). Further eunde found

for immunomodulation by these two strains in adigh trial was in severe atopic
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eczema resulting from food allergy. Children fedhwiactobacillus rhamnosuand
Bifidobacterium lactisBb-12 showed improvement in clinical symptoms ctesna

compared to placebo group (Saarela et al., 2000).

2.6.3.3. Diarrhoea

Causes of Human diarrhoea may be diverse creatifigutties in the evaluation of
the effects of probiotics on diarrhea (Otles, 20ABjues et al., 2014). However,
many evidences support that probiotics have beankfeffects on some types of
diarrhoea. Diarrhoea is a major reason for childmeortality worldwide and viral
diarrhoea caused by rotavirus is most important ®eheinbach, 1998). In the
treatment of rotavirus diarrhoelaactobacillus rhamnosu&G is reported to be very
effective (Otles, 2013; Fernandez et al., 2014 Bast documented probiotic effect
is shortening the duration of rotavirus diarrhosaglLactobacillusGG (Guandalini,
2006). Also,Lactobacillus acidophilugB1, Bifidobacterium lactisandLactobacillus
reuteri are reported to have beneficial effects on shortethe diarrhoea period
(Salminen et. al., 2004). Another type of diarrhaetraveler’s diarrhoea (TD) which
diarrhea affects the healthy human in developinghtttes and also in the developed
countries of Europe. Probiotics have beneficiat@l in preventing some forms of
TD. Oksanen et al. (1990) evaluated the efficaclauftobacillusGG in preventing
diarrhoea in 820 people travelling from FinlandTwrkey while Black et al. (1989)
performed a double-blind study by lyophilized baet€l. acidophilus, L. bulgaricus,
B. bifidum, S. thermophilisn 56 Danish tourists on a two week trip to Eqyph
both the cases, the occurrence of diarrhoea ingthap receiving the lactic acid
bacteria was 43% while it was 71% in placebo gr@igmondo et al., 1999).
Sometimes use of antibiotics causes mild and sewetereaks of diarrhoea. The
normal microflora may be suppressed during thebanic therapy and results in
colonization by pathogenic strains. The changesiofoflora may also encourage the
resistant strains such @sostridium difficile which is the reason for the development
of Antibiotic Associated Diarrhoea (AAD). Severalinecal trials have used
Saccharomyces boulardii, Lactobacillispp. andBifidobacterium spp. in AAD.
Probiotic microorganisms which can restore anda@plthe the normal flora should
be used (Hickson, 2011). Probioitcs should alsadel in high risk patients such as

old, hospitalized or immune suppressed. Studies Bhwwn thaClostridium difficile
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concentration was decreased in the presen&aotharomyces boularidiGismondo
et al., 1999).

2.6.3.4. Cancer

Increased consumption of satureaed fatty acids Hzeen pointed out during

epidemiological studies in the western world whictreases the incidence of colon

cancer (Otles, 2013). Bacterial enzymgsglucurornidase, nitroreductase and

azoreductase) convert pre-carcinogens to activeincagens in the colon (Lee &

Salminen, 2008). It is thought that probiotics cbwuéduce the risk of cancer by

decreasing the enzyme activity. Although the exaethanism for the anti tumor

action of probiotics is not known, some suggestizange been proposed (Scheinbach,

1998; Fooks et al., 1999):

1. Suppressioin of carcinogen/pro-carcinogen by bigdotocking or removal using
probiotics.

2. Inhibit the bacterial growth with enzyme that maneert the pro-carcinogens to
carcinogens.

3. Change in intestinal pH which may alter microbietivaty and bile solubility.

4. Removal of fecal mutagens by altering the coloraagit time.

5. Stimulation of the immune system.

Thein vitro andin vivo evidences from animal and human studies have shioatn
probiotics have beneficial effects on suppressibrcamcer. Oral administration of
lactic acid bacteria has been shown to reduce Dldfkatie caused by chemical
carcinogens, in gastric and colonic mucosa in matslel (Herias et al., 2005). The
consumption of lactobacilli by healthy voluntee@sshbeen demonstrated to reduce
mutagenicity of urine and feces associated with itigeestion of carcinogens in
cooked meat. However, in some epidemiological s&dan association between
fermented dairy products and colorectal cancer bieen revealed (Raman et al.,
2013). The regular consumption of certain quardftfermented dairy foods (such as
fermented milk products) harboring bacterial specgich asLactobacillus or
Bifidobacteriummay be related to lower incidences of colon cafRafter, 2003). A
number of studies have shown that cancer predispdactors (increment of enzyme
activity triggering carcinogens, increament of pereinogenic chemicals inside the
colon or modification of certain bacterial genena @pecies) are altered positively by

consumption of certain probiotics (Brady et al.0@QD Synbiotics (combination of
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probiotic and prebiotic) has been found to exedynergistic effect in improving

colon carcinogenesis compared to when both wer insiévidually (Liong, 2008).
2.6.3.5. Cholesterol Reduction

Based on several studies, scientists have propgbsg¢gbrobiotics contain cholesterol
reduction effects (Ha et al., 2006; Ooi & Liong,18) though the exact mechanism
with respect to cholesterol reduction has not @eperly explained so far. However,
there are two hypotheses have been proposed taiexbk mechanism of cholesterol
reduction. 1) Bacteria may bind or incorporate ebtdrol directly into the cell
membrane and 2) Bile salt hydrolysis enzymes degatg the bile salts which are
more likely to be exerted resulting in cholesteboéakdown greater than before
(Scheinbach, 1998; Prakash & Jones, 2004). Kaat. §2002) reported cholesterol
reduction by 38% when itactobacillus reuteriCRL 1098 was given to mice for
seven days at the rate of*ld®lls per day. Also, 40% reduction in triglycesdend a
20% increament in the ratio of high density lipdpim to low density lipoprotein
without bacterial translocation of the native mitoma into the spleen and liver was
noted by the consumption of the above mentioned dbbacteria.

2.6.3.6. Phar macology

Lactic acid bacteria produce lactic acid, acetiiclaand propionic acid, which lower
the intestinal pH and suppress the growth of varipathogenic bacteria, thereby
reestablishing the balance of the gut flora (Alv@tenos & Oberhelman, 2001;
Doron & Gorbach, 2006). Another mechanism of baatenterference involves the
production of various substances, such as hydrogeroxide, organic acids,
bacteriocins, and biosurfactants, that are toxic pethogenic microorganisms
(Vanderhoof & Young, 2004; Macintre & Cymet, 20@30oron & Gorbach, 2006).
One probiotic with this ability id.actobacillusspecies strain GG, which has been
shown to secrete a low molecular weight compoutl itthibits a broad spectrum of

gram positive, gram negative and anaerobic badiSiiea et al., 1987).

Saccharomyces boularidia non-pathogenic yeast, may have a rol€lwstridium
difficile infection by producing a protease that decreaseddxicity of C. difficile
toxins A and B (Castagliuola et al., 1999). Prob®ialso decrease colonization of
pathogenic organisms in the urinary and intestiredts by competitively blocking
their adhesion to the epithelium (Macintre & Cym2005). Lactobacilli have been
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shown to inhibit the attachment &scherichia coli, Kelebsiella pneumoniand
Pseudomonas aeruginosa uroepithelial cells and intestinal epithelialle€Mack et
al., 1999). This inhibition may occur because lbhatlli cause steric hindrance and
upregulate intestinal mucins, which are high md&cweight glycoproteins produced
by epithelial cells resulting into the formation pfotective barrier. In addition,
lactobacilli strengthen the gut mucosal barrierskabilizing tight junctions between

epithelial cells and decreasing intestinal permagl{Doron & Gorbach, 2006).

Another proposed mechanism of action of probiotieslves immunomodulation.
Animal studies have found that some probiotic sFaugment the immune response
by stimulating the phagocytic activity of lymphoegtand macrophages (Reid et al.,
2003). Probiotics also increase immunoglobulin 4A)l and stimulate cytokine
production by mononuclear cells and it has beemdothat children with acute
rotaviral diarrhoea who were givémactobacillus rhamnosustrain GG (LGG) had an
increased IgA, immunoglobulin G, and immunoglobWlinresponse, resulting in a
shortened duration of gastroenteritis symptoms|éet al., 1992; Reid et al., 2003;
Scarpellini et al., 2008). There is numerous heaftacts associated with probiotic
use. While some of these indications are well damited, probiotics are often used
to treat conditions for which data regarding thigcaty of probiotics are lacking or
conflicting (Senok et al., 2005; Vanderhoof & You2@08).

2.6.3.7. I nflammatory bowel disease

Ulcerative colitis (UC), Crohn’s disease, and patistare the inflammatory diseases
of the digestive tract. An imbalance of intestimatroflora, specifically high numbers
of enteroadhesive and enterohemorrhdgiccoli with UC and reduced levels of
bifidobacteria with Crohn’s disease, may contribtgethe inflammation seen with
these diseases. Probiotics may improve the midrbbaiance of the indigenous flora.
Although studies have been conflicting, probioseem to be an attractive option in
the treatment and prevention of inflammatory bodiskase, providing an appealing
alternative to the use of antibiotics (Santosal.et2@06; Doron & Gorbach, 2006).
Several studies examining the role of probiotic&J{D have suggested that they can
reduce or maintain disease remission. Three coedrdrials involving probiotics
were compared againgé. coli by Nissle (1917) in UC and found that the two
mesalamine therapies were similar in preventingatie relapse, suggesting that the

probiotic was equivalent to standard therapy witesatamine in maintaining
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remission. Two of the studies had notable limitadiao.e. diverse patient population
and short study duration but the more recent stualy methodologically better and
confirmed the results of the other two studies. Phdicular non-pathogeni€. coli
probiotic strain used in these three studies has Isdown to colonize the intestine
and antagonize the pathogenic bacteria seen witliku@s et al., 2004; Rembacken
et al., 1999). Another study investigated the us&.oboulardiiin 25 patients who
developed a mild to moderate clinical flare-up of2 Uvhile taking standard
maintenance therapy with mesalamine (Guslandi.e2@00) and because of different
reasons, treatment with corticosteroids was nafbklg for these patients. Clinical
remission, confirmed endoscopically, was attaime@8% of patients after adding a
four-week course d%. boulardiito mesalamine treatment. This study was limited by
its small sample size, lack of a control group, apén-label design. Bibiloni et al.
(2005) noted that a six-week course of VSL#3 weaso atffective in inducing
remission or causing a response in 77% of patweitts active mild-to-moderate UC
that was unresponsive to conventional therapy. Dipisn-label trial also lacked a
control group and involved only 34 patients. Stadiave also investigated the role of
probiotics in maintaining and remission of Crohdisease. Guslandi et al. (2000)
noted that patients with inactive Crohn’s diseaad h significantly lower clinical
relapse rate when receiving a six-month regimers.oboulardii plus mesalamine
versus treatment with mesalamine alone (6.25% 8e336%, p = 0.04), suggesting
that the probiotic yeast may be beneficial in thaintenance treatment of Crohn’s
disease. In contrast, Marteau et al. (2006) foumat & six-month regimen of
Lactobacillus johnsoniLA1 was not effective in preventing endoscopicaureence of
Crohn’s disease after surgical resection.

Various studies support the use of probiotics,ipaerly VSL#3, in reducing relapse
rates and maintaining remission of Pouchitis. Piigcis a hon-specific inflammation
of the ileal reservoir, which is formed surgicadlfter an ileal puch-anal anastomosis
from a protocolectomy. It is characterized by imsed stool frequency and
abdominal cramping (Gionchetti et al., 2000; Giagtthet al., 2003; Mimura et al.,
2004). Although the etiology of pouchitis is unknmgwit may be associated with
decreased lactobacilli and bifidobacteria count&/el$ as increased concentrations of
other bacteria (Gionchetti et al., 2000). In additio modifying the endogenous flora,

VSL#3 alters the immune response in pouchitis liging tissue levels of the anti-
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inflammatory cytokine interleuckin 10 and reducitigsue levels of tumor necrosis
factor a, interferon g, and matrix metalloproteaastivity. In a randomized, double-
blind, placebo-controlled trial involving 40 pattsrwith chronic relapsing pouchitis,
Gionchetti et al. (2006) found that VSL#3 was digantly more effective than
placebo in maintaining remission after nine moni$.20 placebo-treated patients
experienced a relapse within four months, whileotZhe 20 patients treated with
VSL#3 remained in remission after nine months @.601). When the probiotic was
discontinued at the study’s end, these 17 patedstsexperienced relapse within four
months. In addition, fecal concentrations of laewld, bifidobacteria, andS.
thermophilusincreased significantly from baseline in patiemézated with VSL#3 (p
< 0.001). Mimura et al. (2004) confirmed the ef@igaof VSL#3 in maintaining
remission in patients with recurrent or refractpouchitis. In this study, 36 patients
whose pouchitis was in remission were randomizetteive VSL#3 or placebo for
one year or until relapse. Similar to the previstusgly, 17 of the 20 patients treated
with VSL#3 remained in remission at one year versnoly 1 of 16 patients who
received placebo (p < 0.0001). In addition to prévig relapses, Gionchetti et al.
2006, showed that the probiotic mixture VSL#3 wigmiicantly more effective than
placebo in preventing occurrence of pouchitis (p.85) during the first year after
pouch formation in this randomized, double blinkkcpbo-controlled study involving
40 patients. In contrast to those studies with eraging results using VSL#3 in
pouchitis, a three-month trial involving LGG didtnshow any benefit as primary
therapy for ideal pouch inflammation (Kuisma et aD03). This trial did not show
differences in the mean pouchitis disease actinigx scores between treatment with
LGG and placebo, and only 40% of patients who xe&xkithe probiotic had LGG

recovered in their fecal flora.
2.6.3.8. Irritable Bowel Syndrome (IBS)

IBS is characterized by abdominal pain, bloatitegufence, and altered bowel habits.
These symptoms may be due to bacterial overgromwtihe small intestine, causing
increased fermentation activities and gas prodacfWilhelm et al., 2008). Some
studies suggested that probiotics may be benefiti@ducing bloating and flatulence
associated with IBS. The probiotics used most featly in the treatment of IBS
include lactobacilli and bifidobacteria. In additioa combination product (VSL#3,

VSL Pharmaceuticals, Inc., Towson, MD) has redueddlominal bloating and
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flatulence. This preparation contains eight baatenganisms in large numbers: three
bifidobacteria  Bifidobacterium  longum, Bifidobacterium infantis and
Bifidobacterium breve four lactobacilli . acidophilus Lactobacillus caseilL.
bulgaricus,and L. plantarun), andS. thermophilusA meta analysis involving 20
trials (n = 1404) found that probiotics (most commiyo lactobacilli and
bifidobacteria) improved global IBS symptoms (RRigolp 0.77; 95% CI, 0.62-0.94)
and reduced abdominal pain (RRpooled, 0.78; 95%0@&9-0.88) compared with
placebo (McFarland & Dublin, 2008). This meta asaywas not able to examine
other types of individual IBS symptoms (e.g. blogtor distension, flatulence, stool
frequency) or the effectiveness of specific prabistrains due to insufficient data. A
review of 14 clinical trials also revealed that lpgics (most commonly lactobacilli,
bifidobacteria, and VSL#3) improved overall symptonassociated with IBS
compared with placebo; however, the contributingdigs had methodological
limitations (Wilhelm et al., 2008). Although prolics may be beneficial in treating
IBS symptoms, limitations exist in interpretingatriresults due to the lack of
standardization of strains, dosages, treatmenttidnsa and assessment of clinical
outcomes. More data are needed before probiotissbearecommended as typical

solution in the treatment of IBS.
2.6.3.9. Allergy

Some studies have found that probiotics have aficealesffect on atopic eczema. A
study conducted by Kalliomaki et al. (2003) in dlmiblind, randomized, placebo-
controlled trial in which 159 pregnant women witlfiaanily history of atopic disease
were givenLactobacillusGG or placebo daily for two to four weeks befoheit
expected delivery date, followed by administratadrthe probiotic or placebo to the
newborn infant for 6 months, of the total only 18&rticipants completed the trial.
There was a 50% reduction in the frequency of at@gzema during the first two
years of the children’s lives in those given preic® compared with placebo [ 23%
(15 of 64) versus 46% (31 of 68); RR, 0,51; 95% QIl32-0.84; p = 0.008). This
cohort was reexamined after four years, and sicamfly fewer children who had
previously received LGG were diagnosed with at@azema compared with placebo
[26% (14 of 53) versus 46% (25 of 54); RR, 0.5796I, 0.33-0.97], suggesting that
the protective effect of this probiotic on atopitzema in children at risk continues

beyond infancy (Kallioaki et al., 2001). In one maandomized double-blind study,
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27 infants (mean age, 4.6 months) with atopic eezesoeived formula supplemented
with probiotics (either LGG oBifidobacterium lactisBb-12) or the same formula
without probiotics (Isolauri et al., 2000). After &onths, the Scoring Atopic
Dermatitis index, revealed that the extent and rsigvef atopic eczema, was reduced
significantly in the infants given probiotic supplented formulas compared with

those who did not receive probiotic supplementafpsr 0.002).
2.6.3.10. Genitourinary infections

Unusual vaginal microbiota may lead to the symptienanfections, including
vulvovaginal candidiasis (VVC). Lactobacilli, espaty Lactobacillus crispatusand
Lactobacillus iners are the predominant vaginal microorganisms in lthga
premenopausal women. When the normal vaginal naseofis disrupted, such as
with use of broad spectrum antibiotics, overgrowtiCandida albicangnay occur,
causing VVC. Restoring the normal flora with lacolli may help treat this genital
infection (Reid et al., 2003). A study involving 2vomen with a history of recurrent
VVC, suppositories containing LGG were given twialy for seven days, all of the
women reported an improvement in vaginal symptontsraduced vaginal erythema
and discharge (Hilton et al., 1997). Reid et 200(1) investigated the ability of an
orally administered solution containibhg rhamnsosu§&R-1 and.. fermentunRC-14

to colonize the vagina in 10 women who were asympta for infection but who
had a history of recurrent urogenital infectionsimarily recurrent VVC. The
probiotic solution was administered twice daily fg¥ days. Within one week, one or
both of theLactobacillusstrains were recovered from the vaginas of alivbdnen,
and no VVC occurred during the study. Hilton et(2B95) found that consumption of
8 0z of yogurt containind.. acidophilusdaily for six months reduced vaginal
colonization and infection b@andidaspecies in crossover trial involving 33 women
with recurrent VVC, 13 of whom completed the pratiocThe mean number of
candidal infections of the vagina a@@ndidacolonization in the vagina and rectum
were significantly lower in the women who consunyedurt versus the control (0.38
versus 2.54, p = 0.001 and 0.84 versus 3.23, P&L0respectively). However, these
studies had important methodological limitationscluding small sample sizes,
inadequate controls, and lack of blinding. Twold studies lacked detailed statistical
analyses, one study had a high attrition rate aocerthan half of the women in one

study had recently completed treatment with ang&lmrmedications (Hilton et al.,
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1995). Therefore, it is difficult to reliably conmle whether probiotics can prevent

recurrent VVC.
2.6.3.11. Drug interactions

Since probiotics contain live microorganisms, coneot administration of antibiotics
could kill a large number of organisms, reducing éfficacy of thd_actobacillusand
Bifidobacteriumspecies. Patients should be instructed to sepadatenistration of
antibiotics from these bacteria derived probiotips at least two hours (Natural
Medicines, 2009). Similarh§. boulardiimight interact with antifungals, reducing the
efficacy of this probiotic. According to the manctfarer, Florastor, which contairss
boulardii, should not be taken with any oral systemic anghl products (Florastor,
2009). Probiotics should also be wused -cautiously matients taking
immunesuppressants, such as cyclosporine, tacrslimazathioprine, and
chemotherapeutic agents, since probiotics couldsecan infection or pathogenic

colonization in immune suppressed patients.
2.6.3.12. Other Benefits and applications of probiotics

The action of microorganisms during the preparawdncultured foods or in the
digestive tracts has been shown to improve thetguaavailability and digestibility
of some dietary nutrients. The fermentations ofdfedth lactic acid bacteria raise
folic acid in yoghurt, bifidus milk and kefir (Guaer et al., 2005). Sour cream
contains approximately twenty times more folic athdn milk. Lactic acid bacteria
are known to release various enzymes into intdstumaen that exert synergistic
effects on digestion. The bacterial enzymatic hlydie may enhance the bio
availability of protein and fat (Friend et al., #&nd increase the production of free
amino acids. Short chain fatty acids (SCFA) sucleasc acid, propionic acid and
butyric acid are also produced by lactic acid b@atevhen absorbed these SCFAs
contribute to the available energy pool of the hastl may protect against the
pathological changes into the colonic mucosa. Aalditl health benefits of probiotics

are reviewed in the following sections.
2.6.3.12.1. Production of vitamin, hormones and synergistic ingredients

LAB produces small amounts of certain B vitamimgJuding folates and vitamin;B
Microbial synthesis of vitamin K in the intestingppears to have nutritional
significance in most animal species. Bifidobactest&reptococci, and enterococci
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have been shown to produce vitamin K (Bentely et1882; Gugarner & Malagelada,
2003).

The possibility of genetically engineering strain§ bacteria that can produce
substances such as insulin, androgens, estrogemsthghormone or cholesterol-
lowering compounds, just to mention, a few is guimg (Lee et al., 2008). The
ability to producein situ over a long period of time, drugs or hormones tnat
constantly required by individuals suffering frorarius diseases (such as diabetes
and hypercholesteremia) is of particular interest.

2.6.3.12.2. Enhancement of mineral bioavailability

Mineral absorption requires an acidic medium, esfigovhen the minerals are in the
form of inorganic salts. Stomach acid is usuallffisient to dissolve mineral salts,
but when stomach acid is inadequate mineral sa#tg not fully dissociate. Lactic
acid bacteria aid mineral absorption via the préidacof acid microenvironments
adjacent to the intestinal lining and by genera®@J-A that donate protons necessary
for mineral absorption. Animal studies have dem@tetl that, LAB, especially in the
presence of a probiotic growth factor like inulincrease intestinal absorption of

calcium, magnesium, potassium and zinc (Delzenaé,e1995).
2.6.3.12.3.  Activeagainst pathogens

As discussed above, in the intestinal tract, acdtdi balance constantly needs to be
maintained between beneficial and pathogenic osgasi A variety of factors can
shift the intestinal microfloral balance in favor pathogens. These factors include
antibiotics, immunosuppressant, stress, aging, [ber, excessive alcohol intake,
environmental pollutants and infections. Many stsdnave confirmed that probiotics
promote a more favorable balance of intestinal ofiora by reducing populations of
harmful microorganisms. Probiotics accomplish ttask primarily by producing
substances toxic to pathogenic organisms suchctis &id, acetic acid, formic acid,
hydrogen peroxide, and bacteriocin (Rosenfeldtl.et2@03; Fernandez et al., 2014,
Varalakshmi et al., 2014). In the long term, a stablished healthy balance may
reduce the risk of a variety of chronic degeneeaitr immunologically mediated

diseases (Hemiaiswara et al., 2013).
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2.6.3.124. Promotion of digestion

Most lactic acid probiotic bacteria are capable métabolizing a variety of
carbohydrates, including lactose. Some LAB specis® secrete proteolytic and
lipolytic enzymes that facilitate digestion of peots and fats (Otles, 2013). People
who produce inadequate amount of stomach acid andot activate the proteolytic
enzyme pepsin and individuals with pancreatic ifisiehcy in pancreatic proteases
and lipases all benefit from dietary supplementatiith probiotics. Enhanced protein
digestion often benefits people with allergies doeincreased gut permeability
defects by reducing the ability of large proteiogtoss the intestinal barrier, enter the
bloodstream, and trigger immune responses (Rawbah, 2005; Yehuda Ringel et
al., 2012).

2.6.4. Mechanism of action of probiotics

Probiotic microorganisms are considered to suppwthost health. However, the
support mechanisms have not been explained (Hakagfal.,, 1998). There are
studies on how probitics work. So, many mechanidrom these studies have
attempted to explain how probiotics could proteae thost from the intestinal

disorders. These mechanisms are summarized in Zable
Following mechanisms of actions have been repdiyedooks et al. (1999).

1. Production of inhibitory substances: Some inhiljitsubstances (to both gram
positive and gram negative bacteria) such as ocgands, hydrogen peroxide and
bacteriocins are produced.

2. Blocking of adhesion sites: Competetion occurs Betwprobiotic and pathogenic
bacteria for adhesion site where probiotic bactémiabits the pathogens by
blocking adhesion sites in the intestinal epitheiafaces.

3. Competition for nutrients: Probiotics inhibit thetpogens by consuming the
nutrients which pathogens need for their growth rmuedabolism.

4. Stimulation of the immune system: One of the pdesilbbechanisms may be
stimulation of specific and non-specific immunitg protect the host from
intestinal disease. This mechanism is not well dwmnted, but it is thought that
specific cell wall component or cell layers may ast adjuvants and increase

humoral immune response.
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5. Degradation of toxin receptor: Research has shdahS. boulardiiprotects the

host againsiC. difficile intestinal diseases by degrading toxin receptorthen

intestinal mucosa. Suppression of toxin producticeguction of gut pH and

attenuation of virulence may be other possible rap&ms.

Table 2.7. Examples of probiotics with proven mechanisms. Addgrom (Salminen, 1999;

Rolfe, 2000; Cakir 2003).

D

|

Mechanism| Strain Demonstrated effect Referenc
Improvement of clinical appearance |0 .
S L . _(Furrie et al.,
Immune B. longum chronic inflammation in patients, decrea$ 05)
in TNF-a and IL-o,
BIFICO Prevention of flare-ups of chronic ulcerative- .
(3 L ?Cm et al,
Immune . . colitis, inactivation of NRB and elevated
bifidobacteria . 2004)
: expression of IL-10
species)
L. salivarius| Recovery of inflamed tissue in TNBS mod e(ICarroII ot
Immune ssp. salivarius| of rat colitis, increase in TNEk-and iINOS al., 2007)
CECT5713 (include NO synthase) expression N
Improvement of histology in a TNBS mode
Immune L. fermgntum of rat colitis, decreased level of TNFand i- &Peran et al
L. ruteri : 2007)
NOS expression
Improvement in murine chronic
Immune L caseiShirota inflammatory bowel disease, downregulatiofMatsumoto
' of pro-inflammatory cytokines such as IL-@t al., 2005)
and INFy
Reduction in numbers of activated [T
Immune L. casei DN- | lymphocytes in the lamina propria p{Carol et al.,
114 001 Crohn’s disease mucosa decrease of IL-6 |a2@06)
TNF-a
Decreased IL-12, IFN- and 1G2a at the
mucosal level of specific pathogen free IL-10
L. plantarum KO mice. Decreased mesenteric lymph nz(zgchultz ot
Immune IL-12 and IFNy production as well as
299v . : " . atl., 2002)
histologic colitis scores in the pretreatmen
of GF mice that were exposed to normal
flora.
(Majamaa &
Alleviating intestinal inflammation, decreas&. Isolauri,
Immune L. rhamnsosy TNF-a. Specific inhibition of macrophagesl997; Peng
GG TNF-o production by a contact independer& J.
mechanism. Versalovic,
2003)
, Reduced production of proinflammatofr .
Immune L. salivarus cytokines in IL-10 KO mice injectej)(Shell et al,
uCCi88 ) I . 2004)
subcutaneously with the probiotic strain
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Reduction ofC. perfringes coliforms and (O'Mahon
enterococcus levels in IL-10 KO mice. ot al 200{)
Immune L. salivarus| Production of a peptide that inhibits a brcaaI "
UCC118 range of pathogens such aBacillus, (Flynn et al
Staphylococcus, Enterococcus, Listeaad 202)/2) o
Salmonellaspecies.
Decreased concentration of  colonic
Microbiota L ruteri Lactobacillus species and increasedMadsen et
alteration ' concentration of mucosal adherent bacteiah, 1999)
associated with colitis attenuation.
Delayed relapse into pouchitis after Surgic?{;ionchetti
resection in human patients.
et al., 2003)
. . Decreased luminal pH in patients with L?V :
Microbiota . . . enturi et
alteration VSL#3 that antagonizes pathogenic bacteria. al., 1999)
Reduced counts of bifidobacteria a'nCZGionchetti
lactobacilli in pouchitis et al.,2003)
Delayed relapse into pouchitis after resectjon
L. rhamnosus
GG, L.
rhamnosus
Microbiota | Lc705, P.| Alleviating irritable  bowel syndrome (Kajander et
alteration | freudenreichii | symptoms al., 2006)
ssp. shermanii
JS andB. breve
Bb99
Bifidobacteriu Improvement of the disease activity index| ifOsman et
Unknown |m and L. : L
an induced rat colitis model al., 2004)
plantarum
. Improvement in the clinical status in childre
Unknown Lactobacillus with mildly to moderately active stabergGUpta et al.
rhamnosussG  : 000)
Crohn’s disease
Unknown | L. caseiShirota Improvement in the clinical condition of(Herias et
' murin DSS model of ulcerative colitis al., 2005)

2.6.5. Sdection Criteriafor Probiotics

Surviability of probiotic strain is of great imparice in the location where it is
presumed to be active, for a longer period andiplyswith better activity (Figure

2.4). Also, concern has to be taken that probttigin can proliferate and colonize in
intestinal epethelium (Otles, 2013). Most likelylyohost-specific microbes are able
to compete with the indigenous microflora and ttooise the niches. Besides, the
probiotic strain must be tolerated by the host imengystem and not provoke the
formation of antibodies against the probiotic strdiee & Salminen, 2008). Also,

host must be immuno-tolerant to the probiotic ssaiFurther, the probiotic strain
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may act as an adjuvant and can stimulate immunéermaysagainst pathogenic
microorganisms. Thus a probiotic strain must beness to the host, there must be
no local or general pathogenic, allergenic or memégcarcinogenic reactions
provoked by microrganismsitself, its fermentatiomgucts or its cell components
after decrease of the bacteria (Otles, 2013). beroto maintain the favourable
properties of probiotic microorganisms, the stnainst be genetically stable. For the

production of probiotics it is important that thécneorganisms multiply rapidly and

n

o

2

3

Human milk Dalry and fermented products Gut microbes

= - 4

K] Specific media for the

& selection of

2 Lactobacillus

c

=} 165 riRhA,

T 165-235 rANA

% intergenic region,

E Whale genome

=
-
e

5 3

,% -

E

n

=

[

Antimicrobial activity Immunomodulation

¥

o Effects on health

a8 and disease

=

o

Figure 2.4. Flow chart indicating the various steps in oraeisblate and characterize a novel
probiotic strain.
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Table 2.8. Selection criteria for Probiotics (Source: Quwehandl., 1999; Cakir, 2003).

Probiotic Strain Properties Criteria for selection

Human origin for human Although the human probioti8accharomyces boulardis
usage not human origin, this criteria is important forespes
dependent health effects.

Acid and bile tolerance Important for oral consuimpteven if it may not be for
other applications for survival through the intesfi
maintaining adhesiveness and metabolic activity.

Adhesion to mucosal surface Important to improvanime system, competition with
pathogens, maintain metabolic activity, preventhpgens
to adhesion and colonization.

Safe for food and clinical use Identification andaracterization of strains accurately,
documentation of safety. No invasion and no dedrai@f
intestinal mucus

Clinically  validated and Minimum effective dosage has to be known for each
documented health effects  particular strain and in different products. Placeb
controlled, double-blinded and randomized studiagehto
be run.

Good technological properties  Survival in produttaable organisms are required, phase
resistance, strain stability, cultivable in largalss, oxygen
resistance, have no negative effects on produabifla

densely on relatively cheaper nutrients and they tiemain viable during processing
and storage (Lee & Salminen, 2008). Besides theifspbeneficial property, general
requirements must be considered in developing newbigics, but also for
determining the scientific value of a claimed paild. A number of these
requirements can be screened durmyitro experiments (Kechagia et al., 2013). It is
advised of the drawing up of a decision-tree fa minimal requirements which can
be testedn vitro, such as culture conditions and viability of th@lpotic strains
during processing and storage, sensitivity to low yalues, gastric juice, bile,
pancreas, intestinal juice and intestinal or regpry mucus, adherence to isolated
cells or cell cultures and interactions with otfathogenic) microorganisms (Lee &
Salminen, 2008). If thesa vitro experiments are successful, further research can be
performed duringn vivo experiments in animals or humans. In order to He &b
exert its beneficial effects, a successful potéptiabiotic strain is expected to have a
number of desirable properties. The selection raitare briefly listed in Table 2.8.
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However, a potential probiotic strains does notdnée fulfill all these selection
criteria (Quwehand et al., 1999).

According to Klaehammer & Kullen (1999), the selectcriteria can be categorized
into four basic groups. The appropriateness, tdolgimal suitability,

competitiveness, performance and functionality Hre assets to be considered.
Strains that fulfill these criteria should be usedrder to get and functional probiotic
strains. Probiotics are chosen by using criteridl able 2.8. Saarela et al., (2000)
proposed the properties of probioitcs in threedgsbupsviz. safety aspects, aspects
of functionality and technological aspects. Somgomaelection criteria will be

discussed in following section.
2.6.5.1. Acid and biletolererane

Bacteria used as probiotic strains join the foosteay with a journey to the lower
intestinal tract via the mouth. In this food systepmobiotic bacteria should be
resistant to the enzymes like lysozyme in the caaity. Then the journey proceeds to
the stomach and enters the upper intestinal tréethvcontains bile. At this stage,
strains should have the ability to resist the digasprocess. It is reported that the
total time at the first entrance to release from stomach takes three hours (Lee &
Salminen, 2008). Strains need to be resistantestitessful conditions of the stomach
(pH 1.5-3.0) and upper intestine which contain {#ou & Weimer 1999; Cakir
2003). To show probiotic efficiency, they shoulégak to the lower intestinal tract
and maintain themselves there. Because of thigaidsi point the first criteria is
looking for probiotic strains being resistant tadaand bile. Bile is synthesized in the
liver from cholesterol and sent to the gall bladded secreted into the duodenum in
the conjugated form (500-700 ml/day). In the lamgestine bile salts undergo some
chemical modifications (deconjugation, dehydroxgiat dehydrogenation and
deglucuronidation) due to the microbial activitye@ & Salminen, 2008). Conjugated
and deconjugated bile acids show antimicrobial vagtiespecially onE. coli,
Kelbsiella spp., andEnterococcusspp. The deconjugated acid forms are more
effective on gram positive bacteria (Dunne et H99; Cakir 2003)Lactobacillus
acidophilusis the most used probiotic strain in products ldkary products or
capsules. Chou & Weimer (1999), tried to isolatiel and bile resistant variants bf
acidophilus Probiotic strains were taken from American Typelt@e Collection

(ATCC) that had been isolated from different soarcéome of these strains were
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found resistant to acid at pH 3.5 for 90 minute8&atC. Also these strains were
capable of growth in medium at pH 3.5 containing¥.mixed bile salts (Chou &
Weimer, 1999). An investigation of probiotic pot@htof 47 selected strains of
Lactobacillusspp. were examined for resistance to pH 2.5 aBh @xgall (Jacobsen
et al., 1999). They showed high resistance todales and growth was delayed from 1
hour to more than 4 hours for 16 of these strakasrened and except one, all of these
strains survived for in condition mentioned abotke results obtained from vitro
experiments involving fiva.actobacillusstrains . rhamnsosud.9070-2,L reuteri
DSM12246,L. rhamnsosu.GG, L. delbrueckiisubsp lactis CHCC2329 and.. casei
subsp.alactusCHCC3137) were selected for vivo studies (Jacobsen et al., 1999).
For the selection of acid and bile resistant bifigicteria, human fecal samples were
screened and isolated strains from these samplesfurgher examined for growth at
pH 4.5 and pH 7.0 and oxgall (0.006% and 0.15%)u(@het al., 1999). Then
conditions were updated and isolated strains weaenaed for survival at pH 2.0, 3.0
and pH 7.0 with a final concentration of 0.0, 0.0&8f4d 1.0% of oxgall. According to
the results, the survival rate of the isolaBfidobacteriumstrains was very similar at
bile concentration of 0.5% and 1% for 12 hours expe. Two selected

Bifidobacteriumstrains, HJ 30 and Sl 31, showed higher ratesroial.

In another study, a large culture collection oftia@acid bacteria of NZDRI (now
Fontera Research Center) was screened to selaictssto be used as probiotics. For
this, over 200 strains includingactobacillus rhamnosu&G and Lactobaccillus
acidophilusLA-1 were used. The strains were analyzed fori@sef pH between pH
1 and pH 3 and also for tolerance against biléenal £oncentrations of 0, 0.5 and 1%
w/v. They were found to be tolerant for the cormfit mentioned above. While the
general survival patterns were similar, the strdioen human origin showed higher
tolerance. These strains were identified lasctobacillus rhamnosusHNOO1,
Lactobacillus rhamnosus HNO67, Lactobacillus acidophilus HNO17 and
Bifidobacterium lactifHNO19 (Prasad et al., 1998). More recently, Macaglakis et
al. (2005) tested twenty ninectobacillusstrains of dairy origin foin vitro probiotic
potential. The resistance of bacteria was examimgdH between 1 and 3. Tolerance
to bile salt was tested at 0.3% oxgall. All of #theamined strains were resistant to pH
3 for 3 hours, but most of them lost their vialilih 1 hour at pH 1. Also all of them

were found to be tolerant in 0.3% bile salts cohetion for 4 hours. Foin vivo
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testing the most suitable strains chosen wereasei Shirota ACA-DC 6002L.
plantarum ACA-DC 146, L. paracasei subsp. tolerans ACA-DC 4037
(Maragkoudakis et al., 2005). Also, Martin et g2004) experimented on three
Lactobacillusspecies isolated from human milk to test whetheytmay be potential
probiotic strains. They were identified as twactobacillus gasserstrains and one
Lactobaillus fermenturatrain. Survival in low pH and in gastrointestiealvironment
was examined via their comparison with commercrabtic strainsL. rhamnosus
GG, L. caseiimunitass and.. johnsaniiLal. The strains especially gasserishowed

that it can be used as a potential probiotic sffisliartin et al., 2004).
2.6.5.2. Adherence property of probiotic bacteria

Adhesion to the intestinal mucosa is one of thennaiteria for probiotic strain

selection. Selection of adhesive strains is peréatim vitro. However, little is known,

as to how wellin vitro adhesion correlates with vivo adhesion. Good adhesion to
the intestinal mucosa is thought to be an imponaoperty. Adhesion can be specific
or non specific and both may be the influenciahtst and bacterial cells (Dixit &

Kailasapathy, 2012). The original reason for saregmof good adhesive candidate
probiotic strains was the hypothesis that adhesémains would easily colonize the
intestine, in particular in the small intestine, ex flow rates are relatively high
(Sanford et al., 1992). However, feeding studiegehaearly shown that in general,
probiotics do not colonize humans permanently. Cheegling ceases, the particular
microorganisms can no longer be detected in theefaafter 1 or 2 weeks (Benno et
al., 1996; Jacobsen et al., 1999; Tannock et @DQ2Crittenden et al., 2002). In
contrary, longer colonization of probiotic straiims the intestinal mucosa has also
been reported (Alander et al., 1997). It is thexefdesirable to refer to ‘transient
colonization’ or ‘persistence’ of probiotics rathewlonization (Arthur et al., 2003).

The correlation between mucosal adhesion and #ansblonization also appears to

be less clear than expected (Arthur et al., 2003).

Several models have been employed to study thayabil putative probiotic strains
to adhere to the intestinal epithelium. Studiesehaiten been carried out with cellular
lines obtained from human colon adenocarcinomak ascCaco-2 (ATCC HTB-37)
and HT-29 (ATCC HTB-38), the latter being able twguce mucin (Hara et al.,
1997; Kalliomaki et al., 2001; Chung et al., 2002aughan et al., 2002; Bongaerts et
al., 2005). Frequently, the adhesion ability of gbwe probiotics from different
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collections has been extensively tested againstumugbtained from human
(Mandalari et al., 2007; Crittenden et al., 2002eBm et al., 2005; Haarman et al.,
2005) or animal origin (Van der Meulen et al., 2006

Interestingly, some strains 8ifidobacteriumadhere better to human mucus than to
porcine mucus indicating that adhesion propertstigin dependent (Haarman et al.,
2006), because mucus from different origins (huncanjne, possum, bird, and fish)
did not modify the adhesion of probiotic strains.addition, bacteria into the human
mucus decreased with the age of the donor of theusnsample, which could be one
of the reasons for low bifidobacteria colonizationelderly subjects (Rinne et al.,
2005). A good correlation between the human mucoslainand the adhesion to
Caco-2 has been demonstrated (Al-Tamimi et al., 620G@mploying three
Lactobacillus strains. Both methods are adequateiforitro adhesion studies but
someex vivomodels employing resected tissue of the intestmatosa from human
or animals have also been shown to be useful (Véaag, 2005; Fanaro et al., 2005).
In the human intestinal mucus model proposed (feapaal., 2005), the material is
obtained from patients with colon cancer submiteedurgery. The healthy sections
of resected tissue obtained from different siteghef colon are employed in these
studies. In general, the strains tested showecdehigtthesion to mucus than to colonic
tissue and, depending on the strain, the locatfaie colonic tissue but not that of
mucus, also influenced the adhesion propertiekeptobiotics tested. This is a good

model for the assessment of the adhesion of LABIToepithelium and to mucus.

The application of this screening method for sabgctprobiotics should be

encouraged in the future. There are several testslétermining if a prospective
probiotic can bind to intestinal epithelium. Radio¢lling the microorganisms with an
amino acid and then counting for adhering radiedgtin either ileal cells recovered

from ileostroma effluent or from buccal cells ob&d by gently scraping the inside of
the cheek are effective methods (Lee & Salmine®820Good adhesion properties
should enhance the possibility of long-term survathe organism in the intestinal

tract by countering the peristaltic action of theestine.
2.6.5.3. Antimicrobial Activity

Antimicrobial activity is one of the most importasglection criteria for probiotics.
Antimicrobial activity targets the enteric undebles and pathogens (Klaenhammer
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Kullen, 1999; Dixit & Kailasapathy, 2012). Antimapial actions of lactic acid
bacteria are determined by the production of sounfstances such as organic acids
(lactic, acetic, propionic acids), carbon dioxidgidrogen peroxide diacetyl, low
molecular weight antimicrobial substances and badias (Cakir 2003; Quwehand
& Vesterlund, 2004; Roopashri & Varadaraj, 2011)adémber of reports have shown
that different species of bacteria produce diffegrtimicrobial substances. Examples
are those ofLactobacillus reuterii which is a member of normal microflora of
humans and many other animals, produce a low mialeaueight antimicrobial
substances reuterin called SubspeciesLa€tococcus lactisproduce a class |
bacteriocin, nisin A;Enterococcus feacali®S16 produces a class | bacteriocin
cytolysin; Lactobacillus plantarumproduces a class Il bacteriocin plantaricin S;
Lactobacillus acidophilusproduces a class Il bacteriocins acidophilucin A
(Quwehand & Vesterlund, 2004). Production of baoténs is highly dependent on
the factors such as the species of microorganisigsedients and pH of the medium,
incubation temperature and time. Nisin, produced..biactis subsplactis is the well
known bacteriocin and it is allowed to use in fgodparations (Cakir, 2003).

Lactobacilli and Bifidobacteria isolated from humaleum were assayed to
investigate if they have antimicrobial activity agd a rage of indicator
microorganisms such aslListeria, Bacillus, Enterococcus, Staphylococcus,
Clostridium, Pseudomonas, E. coli, Lactobacillusrefococcus, Bifidobacterium
and Lactococcus Antimicrobial activity of Lactobacillus salivarusuCC118 was
counted against these bacteria. The study showat Lérctobacillus salivarius
UCC118 is significantly capable of inhibitimg vitro growth of both of gram positive
and gram negative bacteria such lasfermentumKLD, B. longum, B. bifidum,
Bacillus subtilus, B. cereus, B. thuringiensisfdecalis, E. faeciuretc, although it is
not effective against some of the speciekaiftobacillus, Lactococcus, Leuconostoc,
Streptococcusetc. (Dunne et al., 1999). Some milk productsemesed to isolate
potential probiotic bacteria and determination dfeit possible antimicrobial
activities. Staphylococcus marcesceasd Candida albicanswvere used as indicator
microorganisms. The results, showed that, Yakuit 8ki D Lite probiotics inhibited
all of the test indicator microorganisms, NESLE ydgprobiotics were bactericidal
for S. aureusandP. aeruginosaut inhibitoryfor S. typhi Neslac probiotics killed.
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coli and S. typhiwhile they were inhibitory foiS. aureusand C. albicans GAIN
probiotics inhibitedC. albicans(Chuayana et al., 2003).

Eight lactic acid bacterial strains producing baotgns were isolated from Burkina
Faso fermented milk and they were examined forathigmicrobial activity against
Enterococcus faecalid03907 CIP,Bacillus cereusl13569 LMG, Staphylococcus
aureus ATCC 25293,Escherichia coli1l05182 CIP (Lee & Salminen, 2008). The
lactic acid bacterial strains were identifiedLactobacillus fermentum, Pediococcus
spp., Lactococcus spp., Leuconostoc mesenteroidesibsp. mesenteroides The
diameters of inhibition zones were obtained betw&emm and 12 mmnlLactobacillus
fermentum(S1) gave the biggest zone of around 12 mmEaterococcus faecalis
while the smallest zone was obtained fbeuconostoc mesenteroidesubsp.
mesenteroideéS5) on the same stralinterococcus faecaliSavadogo et al., 2004).
A research aiming at the production of bacterideynvaginal lactobacilli flora and
characterization of this flora were carried out r&a&lu et al., 2003). First
antimicrobial activity was assayed for 100 vagilzatobacilli isolates. Six of them
were determined for the production of bacteriodm.this study, common human
pathogens Gardneralla vaginalis, Pseudomonos aeroginosa, €ust vulgaris,
Escherichia coli, Enterobacter cloacae, Streptoemcmilleri, Staphylococcus aureus
and Candida albicansvere used as indicator microorganisms. Six ofstingins had
bacteriocin activity against eight of fifteen diféat Lactobacillusspecies and als8.
milleri, P. vulgaris, P. aeroginosa, E. coli, Eoalcaeand G. vaginalis But none of
the isolated strains showed efficiency on test miggasS. aureusand C. albicans
Also some characteristics of bacteriocins were inbthfrom the research performed
by Karaglu et al. (2003). In another research, potentiabatic lactobacilli strains
(L. reuteri, L. plantarum, L. mucosae, L. rossiamisis) isolated from pig feces used
as additives in pellet feeding, were examined atingrto their antibacterial activity
againstSalmonella typhimuriumTCC 27164 E. coli, C. perfringen22G,S. aureus
ATCC 25923,B. megateriumF6, L. innocuaDSM 20649 andB. hyodysenteriae
ATCC 27164 (De Angelis et al., 2007). Generally tledl free extracts of lactobacilli
were able to inhibit all potential pathogens exd@phyodysenteriadTCC 27164.
The study showed that, neutralization and treatmaith catalase, affects the
antibacterial activity to some extent (De Angelisag, 2007). A similar study was

conducted and in that study fouactobacillusstrains IL. salivarusCECT5713,L.
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gasseriCECT5714,L. gasseriCECT 5715 and.. fermentumCECT5716) isolated
from human milk were investigated to test whetlmeythave antimicrobial potential
and for comparisor,. coryniformisCECT5711 was used (Olivares et al., 2006). All
of the strains showed antibacterial propertiesregjgathogenic bacteri&élmonella
choleraesuisCECT4155, CECT409 and CECT4435herichia coliCECT439 ancE.
coli O157:H7 serover CECT4076Staphylococcus aureusCECT4013 and
CECT9776, Listeria monocytogeneScott A and the spoilage stra@lostridium
tyrobutyricum CECT4011). However, the antimicrobial propertigs lactobacilli
strains varied and.. salivarus CECT5713 revealed not only the bast vitro
antibacterial activity, but also the highest praiereffect against &almonellastrain

in the murine infection model (Olivares et al., 80
2.6.54. Other Propertiesrequired for Probiotics

In addition to the previously reviewed propertieter characteristics could also be
tested to consider a strain as putative probiétiom these screenings, it has been
reported that some strains are able to modulatentheune system (Ziegler et al.,
2007), produce antigenotoxic compounds, deconjubdée salts (He et al., 2001;
Resta-Lenert et al., 2006), and decrease choléseats (Resta-Lenert et al., 2006).

2.6.6. Safety Aspectsof Probiotics

There are evidences that probiotic strains usembasnercial bacteria are safe to use
in various applications. The safety of the prolmigiroducts is appraised with the
phenotypic and genotypic characteristics and thé@stits of used microorganisms
(Roopashri, 2012). However, with respect to thauistes of safety of probiotics, a
set of general principles and practical criterieechéo be generated to provide
guidelines as to how any given potential probioticroorganism can be tested and
proven to have a low risk of inducing or being assted with the etiology of disease,
versus conferring a significant health benefit whadministered to humans
(FAO/WHO, 2001). These guidelines should recogtizt some species may require
more vital assessment than others. In this resgiecgvaluation of safety will require
at least some studies to be performed in humarkshould address aspects of the

proposed end use of the probiotic strain.

According to the information acquired to date, shawat lactobacilli have a long
history of use as Probiotics without establishe#f tb humans, and this remains the
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best proof of their safety (Saxelin et al., 1996Gaidui et al., 1999). Also, no
pathogenic or virulence properties have been fdondactobacilli, bifidobacteria or
lactococci (Aguirre & Collins, 1993). Based on thisis said that under certain
conditions, somé&actobacillusstrains have been associated with adverse effeath,
as rare cases of bacteremia (Saxelin et al., 1986)ever, a recent epidemiological
study of systematically collected lactobacilli, texemia case was reported which has
shown that there is no increased incidence or &eqy of bacteremia with increased
usage of probiotic lactobacilli (Salminen et aD02). Also, some members of lactic
acid bacteria, such as enterococci may possedendel characteristics, for this and
other reasons, Joint FAO/WHO (2001) recommerigiegtrococcusot be referred to

as a probiotic for human use.

Safety aspects of probiotic bacteria include tHe¥ang requirementwiz. 1) strains

for human use is preferred to be of human origjnth2y are isolated from healthy
human gastrointestinal tract, 3) they have to bepathogenic, 4) they should have
no history of relationship with diseases like, otiee endocarditis or gastrointestinal
tract disorders, 5) they do not deconjugate bilkss#®) they should not carry

transmissible antibiotic resistance genes (Saatedh, 2000).
2.6.7. Sources of Probiotic microbes

Probiotics are usually defined as microbial foog@aments that when administered
in adequate amounts exert beneficial effects onhthsd. Data supporting of health
promoting effects of probiotics lactic acid bacéstrains is increasing day by day
(Saarela et al., 2000). Recent scientific invesiigahas supported a role of probiotics
as a part of a healthy diet for humans and aniaralsmay be an avenue to provide a
safe, cost effective, barrier against microbiakatifon (Parvez et al., 2006). On the
industrial scale, a large number of dairy prodwsts present on the market and are
being promoted with health claims based on varicogracteristics (Succi et al.,
2005). Strains ofLactobacillus (Lb.) acidophilus, Lactobacillus paracasegnd
Bifidobacteriumisolated from human or animal intestinal tractsenbeen the most
extensively studied probiotics (Saito, 2004). Tlaeg increasingly incorporated into
food as dietary adjuncts (Bernet et al., 1994;igadni et al., 2006). A number of
requirements have been identified for strains to b#ective probiotic
microorganisms. They must simply be of human origind be able to survive

through the gastrointestinal tract (Rolfe, 2000eg&red characteristics include
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resistance to gastric acid and physiological cotmagans of bile and adherence to
intestinal epithelial cells (Schillinger et al.,@8). Adherence of probiotic bacteria to
intestinal mucosa is the first step in gut coloha@a Gut colonization is important for
a beneficial health effect as it prolongs the ttme microorganism can influence the
gastrointestinal immune system and microbiota @& kost (Kirjavanainen et al.,
1998; Forestier et al., 2001). Feeding methods fmggnificant influence on the
relative proportions of bacteria that establishhe infant gut (Vernaza et al., 2006).
Breast-fed infants develop a probiotic rich gut moflora with less pathogenic
bacteria, compared with formula-fed individuals (#ean et al., 2005). LAB and
Bifidobacteria dominate the microbiota of the fidim neonates especially when milk
is a source of lactic acid bacteria of the infant gMartin et. al., 2003). LAB
constitutes an integral part of the healthy gastestinal (GI) microecology and

influence host metabolism (Gibson & Fuller, 2000).
2.6.8. Adverseeffectsand safety

Possibilitiesof having major and minor risk facterasts during probiotic treatment
and its associated products (Lee & Salminen, 20@8nunosuppression (including
debilitated state or malignancy) and prematuritinfants are major risk factors while
minor risk factors are the presence of a centrabus catheter, impairment of the
intestinal epithelial barrier (such as with diaahédlness), cardiac vascular disease
(Lactobacillus probiotics only), concurrent administration withrold spectrum
antibiotics to which the probiotic is resistant,daadministration of probiotics via
jejunostomy tube (this method of delivery could rease the number of viable
probiotic organisms reaching the intestine by pegshe acidic contents of the
stomach). It is recommended that probiotics to sedicautiously in patients with one
major risk factor or more than one minor risk fastqOtles, 2013). Also, it is
important to remember that the overall risk of deping an infection from ingested
probiotics is very low, particularly when used Bngrally healthy individuals. Lee et
al. (2008) reported that LGG has been routinelyeddd dairy products since 1990 in
Finland. Even though a substantial increase indbesumption ofLactobacillus
rhamnosussG containing products from 1995 through 2000,aheas no significant
change in the incidence afctobacillusassociated bacteremia observed during the
surveillance period of 1990-2000.
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When considering the safety of probiotics, sevdaaiors should be taken into
accountviz.. 1) the probiotic’s abilitiy to cause disease foafenecity), 2) to produce
damaging substances (virulence factors such a®nispxB) to produce metabolic
activities that might interfere with the body’s nal functioning, 4) problems with
quality control should also be considered. Most pmohiotic drugs (such as
prescription medications and counter drugs) caosgeesadverse effects, some of the
quite serioius, but the drug has to be used anyweaguse its therapeutic benefits are
judged to be greater than the risk from side edfedthe same sort of balanced
judgment should be used when considering the saffepyobiotics (Wohlgemuth et
al., 2010).

Potential risk of probiotics may raise becaue §fCbntamination, 2) Poor potency,
3) Unproven claims, 4) No strong federal oversightAdverse effects, 6) Infection.

Probiotic preparations have been used for manyddscan Europe and Asia, where
people are quite used to taking them for many msaséccording to Elmer et al.

(2012), over 200 billion doses of probiotic haveegurchased, yet fewer than 30
cases of serious adverse effects were reported.iJinemarkably good safety record.
In United States the given descriptions are nargiic proof that the adverse effect

is due to probiotics. Some cases are discussedlle .9.

The study performed by Kalliomaki et al. (2003) riduan increased risk of mortality
when probiotics were used to prevent infectious marations in patients with
predicted severe acute pancreatitis. These patigsnds acute pancreatitis and an
elevated Acute Physiology and Chronic Health Evadoa (APACHE) 1l score,
Imrie/modified Glasgow score, or C-reactive proteialue, predicting a severe
disease course and putting them at risk for dewsdoinfectious complications,
including infected pancreatic necrosis. This mehier, randomized, double blind,
placebo-controlled trial involved 298 patients wieaeived a multispecies probiotic
preparation (. acidophilus, L casei, Lactobacillus salivaridsactobacillus lactis, B.
fidumandB. lactig or placebo, administered twice daily for a maximaf 28 days.
The study found that this combination of six praigiostrains did not decrease
infectious complications in patients with predictslere acute pancreatitis but rather
was associated with significantly more deaths thas with placebo (24 versus 9, p =
0.01)
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Table 2.9. Potential risk of Probiotics reported by varioushaus.

Strain  causing
Probiotic Number | Type of side effect anddisease identiﬁeolR
) .~ 1 Reference
product of cases| underlying health status as same strain as
probiotic
Probiotic 1 Fatal septicemia in 42 year&actobacillus (McFarland
yogurt old woman| rhamnosus et al., 1999)
(supermarket immunocompromised with identified in
brand, daily recurrent Clostridium difficile| blood infection
serving not disease and renal failure
given nor type
of  probiotic
identified)
Lactobacillus | 1 Liver abscess in 74 years qldlactobacillus (Silva et al.,
rhamnosus woman with multiple medical rhamnosus GG | 1987)
GG in conditions. Recovered within milk strain
probiotic dairy antibiotic treatment causing liver
drink (1/2 liter abscess,
per day, taker identified as theg
for 4 months) same
Lactobacillus in
blood and
probiotic not
identified
Lactobacillus | 2 Lactobacillus bacterimia in| Only six had| (Goldin et
probiotic two children with short guf positive al., 1992)
syndrome taking probiotig.identification as
Recovered with antibiotics | S. boulardii in
blood
Saccharomycg 14 from| Fungemia (fever and yeast |in (Alander et
S boulardii| 1991 to| the blood in all). All patients al., 1999)
probiotic 2000 had been hospitalized with
capsules multiple conditions and central
(doses varied venous catheter
from 500 to
2000 mg/day)

and an increased risk of bowel ischemia in the ipt@bgroup compared with placebo
(9 versus 0, p = 0.004). The authors stated thatbiptics should not be routinely
given to patients with predicted severe acute piitis (Kalliomaki et al., 2003) and
should be used cautiously in critically ill patisnor those at risk for mesenteric
ischemia. Drug interactions may arise since pradsotontain live microorganisms,
concurrent administration of antibiotics could lkalllarge number of the organisms,
reducing the efficacy of thieactobacillus Bifidobacteriunspecies. Patients should be
instructed to separate administration of antibgtitom these bacteria derived
probiotics by at least two hours. Probiotics sholé&l used cautiously in patients

taking immunosuppressants, such as cyclosporineplitmus, azathioprine, and
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chemotherapeutic agents, since probiotics couldsecan infection or pathogenic

colonization in immunocompromised patients (Ot 3).
2.6.9. Precautionsand contraindications

Probiotics contains live microorganisms that is wdgme chances of occurring
pathological infectioins always remains as a chaglig, mostly in critically ill or
severely immunocompromised patients. Probioticirsraf Lactobacillushave also
been reported to cause bacteremia in patients shtint-bowel syndrome, possibly
due to altered gut integrity (Borriello et al., Z)CEImer et al., 2012). Probiotic
preparations usingactobacillusin patients with a hypersensitivity to lactose atkm
has also been controversial. SimilalBgccharomyces boularddased probiotics has
been controversial in patients with a yeast alleiy contraindications are listed for
bifidobacteria or it is extremely rare, since magiecies are considered non-

pathogenic and non-toxigenic (Borriello et al., 200
2.6.10. Limitations

The limitations of probiotics are discussed basedhe view of Sheil et al. (2004),
Medina et al., 2007, Lee & Salminen (2008) & Ot[2813). Probiotics are regulated
as dietary supplements and not subjected to thee sagorous standard as
medications. Probiotic products consist of the pocganisms so always a challenge
exists with these products. As a result, consumaag find variying quantity and
sometimes even different quality (ineffective ontaminated) of probiotics (may be
yeast or bacteria). Several research studies riegapdobiotics are limited with the
number of samples and lack of control groups. Aldwse studies should be
interpreted based on their research methodology thadlimitations. Because of
different probiotic doses, strains, treatment, tons, and patient populations may
have been used which could be the one of the fétorheterogenecity of the study.
Since probiotic properties are strain specifics thay have important implications
when interpreting meta-analysis, particularly ragt designations were not provided.
Well designed research study in future with appetersample sinze, control groups
and other consideration of other influencing fast@®uch as time, dose, strain etc) can

address these limitations.

76



CHAPTER 2: Literature Review

2.7.0. Prebiotics

Different factors such as age, drug therapy, diest physiology, peristalsis, local
immunity andin situ bacterial metabolism have effets in the humanngutoflora
such as age, drug therapy, diet, host physiologiystalsis, local immunity ania situ
bacterial metabolism (Berg, 1986). However, diepisbably the most significant
factor determining the type of gut flora that deys based on the type of foods,
which provide the main nutrient source for coloacteria. This interactive
development has led to the concept of prebiotibg fErm ‘Prebiotics’ was proposed
by Delzenne & Roberfroid (1994) for the non-digelsti oligosaccharides (NDOs)
used as food ingredients to modify the compositbrendogenous gut microflora.
The definition was developed by Gibson & Roberfr(i895) who defined prebiotic
as “a non-digestible food ingredient that beneligiaffects the host by selectively
stimulating the growth and/or activity of one otimited number of bacteria in the
colon and thus improves host health”. This defamtionly reflected on microbial
changes in the human colonic ecosystem. Therelaier, a revised definition of a
prebiotic was purposed as “a selectively fermentgpledient that allows specific
changes, both in the composition and/or activitthie gastrointestinal microflora that
confers benefits upon host well-being and heal@ibgon et al., 2005). Prebiotics are
considered to stimulate selective bacterial gragyocsh as bifidobacteria, lactobacilli
and eubacteria, which reside in the colon and litsnbtiman health (Roberfroid,
2000). Few major prebiotics are non-digestible admrcharides (NDO’s, recently
referred to as resistant oligosaccharides), whiotludes fructo-oligosaccharides
(FOS), gluco-oligosaccharides, galacto-oligosaadkear transgalacto-
oligosaccharides, isomalto-oligosaccharides, xjigesaccharides, soy bean
oligosaccharides and also resistant starches, siig@rols and difructose anhydride.
Inulin-type fructo-oligosaccharides have been tlestninvestigated as prebiotics and
is considered as typical ‘bifidogenic factors’ (@nden et al.,, 2001). The non-
digestible oligosaccharides are complex carbohgdratvhich are resistant to
hydrolysis by acid and enzyme present in the hugastrointestinal tract due to the
chemical configuration. Therefore, prebiotics haskso gained importance as

functional food ingredients or products (Lee & RsLl995).

Prebiotics concept is recent (started since 14syemnd has stimulated research in

several areas including nutritional and medica¢soes. According to Macfarlane et
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al. (2006) the significance of prebiotics in humhlealth could be attributed to
different factors such as: 1) the growing beliefaods the existence of a healthy or
balanced gut microbiota, 2) the ability of prelsstito alter the composition of
microbiota towards deriving a more healthy prof8g. as an alternative to probiotics,
this can be difficult to handle in some foods.ptgbiotics currently in use, especially
inulin and its derivatives and galacto-oligosacales (GOS) are relatively easier to
prepare or extract from plant sources. Certainbéisteed criteria are used to define
prebiotics (Gibson et al.,, 2005). There criteri@:at) resistant to gastric acid,
hydrolytic enzymes and gastro intestinal absorpt®)rshould be fermentable by the
intestinal flora, 3) selective stimulation of intiesl flora and their growth which

contribute to health and well-being.
2.8.0. Synbiotics

Synbiotics are the nutritional supplements with borad probiotics and prebiotics
having synergistic effects on the host. Probioics not the only functional food
ingredients developed to improve human health bydutating the intestinal

microbiota. Prebiotic ingredients represent anradtive and potentially synergistic
approach. These nondigestible carbohydrates passgth to the colon and these
nondigestible carbohydrates will selectively stiatalthe proliferation and/or activity
of beneficial microorganisms within the intestimaicrobiota (Gill et al., 2001).

Hence, ingredients and food that contains bothiptieb and probiotics are called

synbiiotics.
2.9.0. Interaction between prebiotics and microbiota

Prebiotics (as well as probiotics) have been reghims functional food ingredients
because of their putative beneficial effects. Actional food is a food that contains
one or a combination of components that work togettith physiological and later
immunological functions in the body to improve themn to reduce the risk of
associated diseases (Lee & Salminen, 2008). Masgareh bas been carried out to
identify the possible mechanism of prebiotics iafiaing the different metabolic
activities in the body that are useful for host giblogy as well as for the reduction of
risk or even the treatment of some pathologiestsnearly stages (Milner, 1994).
Presently, there are only two food ingredients féill the prebiotics criteria i.e.,
inulin type fructans and trans-galacto-oligosacicdlesr (Roberfroid, 2007). The
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efficacy of prebiotics in promoting human healtrsisongly related to their chemical
structure. In general, feeding of FOS leads taaf(i)incerease in the population of
Bifidobacteriumspp. and_actobacillusspp., (ii) increase in short-chain fatty acids (
SCFA) levels, (iii) decrease the numbersQibstridium spp., Fusobacteriumspp.,
Bacteroides and (iv) lowers pH (Gibson et al., 199¥96; O’Sullivan, 1996; Fuller &
Gibson, 1997). As a consequence of the metabolitieo FOS by fermentative
bacteria, SCFA and lactic acid are produced. Bedld lto the decrement of pH in the
large intestine. This is beneficial for the orgamias it constitutes an ideal medium
for the development of the bifidogenic flora and the same time, limits the
development of bacteria which are considered path®dRosenfeldt et al., 2002a).
The underlying mechanisms of prebiotic inducedratiens are not yet known.
According to Seifert & Watzl (2008), extensive ewpeental data suggests that
prebiotics induce their immunological effects by tfollowing means: 1) selective
increment/decrement in the specific bacteria resibten for the modulation of
cytokines and production of antibody, 2) enhandes groduction and binding of
SCFA to G-coupled protein receptors on leukocy®sestablishment of local and
systematic contact with the immune system by gdaatesorption of prebiotics, 4)

prebiotics interact with carbohydrate receptorsenkocytes leading to benefits.
2.10.0. Summary

This review highlighted the importance of microrogas, foods and human health in
correlation to traditional foods, lactic acid bate(particularly lactobacilli) and

probiotics. Traditional fermented foods are richuree of lactic acid bacteria
particularly lactobacilli which are used as pradsti This review of literature indicates
that several traditional foods of dairy, vegetamecereals origin are found in Nepal.
Lactic acid bacteria are friendly bacteria commdolynd in traditional foods. These
bacteria normally live in our digestive, urinarydagential systems without causing

diseases.

Lactic acid bacteria are known for beneficial pmtigs and those have been termed
and used as “Probiotics”. Probiotics have beennsitely studied and explored
commercially in many different products includingaditional fermented foods
throughout the world. Recent studies have suggedtet probiotics have
demonstrated beneficial effects to human and animealth. Much of the clinical

probiotic research has been focused on infantigipiatic-related and traveller's
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diarrhoea. The non-pathogenic organisms used dsopics consist of a wide variety
of species and subspecies, and the ability to agdlietonise and modulate the human
gastrointestinal system is not a universal propérigtobacillusandBifidobacterium
are the main probiotic groups, however probiotiteptial of yeasts have also been
reported. Some of the identified probiotic stramehibit anti-inflammatory, anti-
allergic and other important properties. Besidhs, consumption of dairy and non-

dairy products stimulates the immunity in differevays.
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3.0. MATERIALSAND METHODS

3.1. Isolation, biochemical and molecular characterization of Lactobacillus spp.

from traditionally prepared curd (dahi) at different altitudesin Nepal.
3.1.1. Study site

Fermented millproduct i.e. curd aDahi were collected fronfiour districtsof Central
Nepaltwo each from Himalayan and Hilly regions (Figuje

Distric Map of Nepal ' }

CHINA
(Tibet)

=
~ 1300 - 4000 meter i)

INDIA grnae S Sikkim)
(Uttar Pradesh) - ps

Map not to Scale

Copyright © 2006 Compare Infobase Limited

Figure 3.1. Map of Nepal showing sampling es (districts with dai circles) of present
study.

3.1.2. Field visit and sample collection

Samples were collected from four different districviz. Gorkha (Manasl
Conservation Area) [Nepali date of collection: 2@&E22 to 2068.06.( Bikram
Sambat (B.S]) Rasuwa (Hill and Himalayan region) [2069.01.26 2069.02.0
B.S.], Bhaktapuf2068.08.02 to 2068.10. B.S] and Lalitpur district [2068.01.03 to
2069.01.20 B.$.in a labeled sterile plastic bottles. All colledt samples wel
transported to NAST Molecular Biotechnology Laborgt Khumaltar, Lalitpur by
preserving them in an e-Box. They were stored at'@ until subsequent laborato

experimentsin addition, questionnaire survey on nowledge, attitudes and use
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patterns of processed and fermented dairy foodi&epal” was conducted during field

visit and sample collection (included in Appendix).
3.1.3. Isolation and enumeration

All collected samples were analyzed by the dilutipour plate method for the
isolation of lactobacilli (Voeurett al.,2003;Liew et al.,2005; Sahafiee et ak010).
For this purpose, 10 grams of each sample were hedigaseptically and
homogenized in 90 mL sterile normal saline (0.858CN and mixed well by using
vortex (REMI CM 101, India). Then, serial dilutioref the homogenate were
obtained. One mL aliquot of 010, 108, 10° and 10 dilutions were used for the
isolation of LAB. For initial isolation and enumémn of the LAB, de
Man Rogosa and Sharpe (MRS) medium, and also MIat Agedium, Lactobacillus
bulgaricus Agar, Base and Bifidus Selective Medi{B8M) were used to obtain as
many lactic acid bacterial isolates as possibld.t¢ samples were examined in

duplicates and also replicate plating was performed

All the agar plates inoculated with different saegplwere incubated under aerobic
conditions at 37C (except M17 agar plates which was incubated a€p®or 24-72
hours. After incubation, colony forming units (CFdnging from 30 to 300 were
selected for enumeration. After the colony countithg numbers were expressed in
logarithmic scales [Logl0 (CFU/mL)]. Standard dé&welas and mean values were
also calculated using MS excel 2007.

3.1.4. Morphological, microscopic and biochemical analysis

On the basis of colony morphology (colour, shaje)s isolates were observed in
microscope as per negative staining and Gram staimethods. Gram positive rods
were observed for catalase activity in 3% hydrogemnoxide solution following

standard protocol. Morphological, microscopic angbcbemical analysis were

performed as follows.
3.1.4.1.Colony mor phology

Isolates were further purified by streaking repegteon MRS agar plates, and the

colony morphologies (colour, shape and size) wragngned by naked eye.
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3.1.4.2. Negative staining

All the catalase negative isolates were used forpla staining to differentiate
between rods and cocci. An overnight culture ofaes grown in respective broth
was used for this staining. A drop of Nigrosin stéiiMedia, India) was placed in a
clean glass slide and later thick smear was mattetie help of loop. The smear was
allowed for air dry and later observed microscolbycamagnification of x 100 with

immersion oil).
3.1.4.3. Gram staining

The Gram status of the isolates was determineddby imicrocopy after the Gram
reaction (Collins et al., 2004). Cells from freslitares were used for Gram staining.
For this, isolates were grown in MRS broth at @7for 24 hours. A thin smear of
bacteria was made on a clean glass slide, heal fixel allowed to dry. Primary
staining was carried out using Crystal Violet (Chgj one minute and excess stain
was washed under tap water. Gram’s iodine mordastadded on the smear for one
minute and washed using decolourizing agent (95t8anel v/v) for six seconds.
Finally, counter stain i.e. Safranin was applied 30 seconds and excess Safranin
was washed, allowed to dry and observed under tightoscope (at magnification of

x 1000 with immersion oil).
3.1.4.4. Scanning electron microscopy

Scanning electron microscopy was performed forréggmesentative isolates obtained
after molecular characterization. An overnight gnoeells were harvested, washed
with sterile normal saline for three time, fixedngs 0.2 % glutaraldehyde at® for

4 hours and washed with different percentageladred! in an increasing order (30%,
50%, 70%, 90%, 100% ethanol) (Acharya et al., 208%er drying samples were
stored in desiccators until use. Samples were dpsaaa clean glass cover slips and
allowed to dry for three hours. Later, glass cosigrs with samples were kept on
double-sided conducting adhesive tape pasted oetallia stub and subjected to gold
covering and observed under scanning electron stope (LEO 435 VP; LEO

Electron Microscopy, Cambridge, U.K.) at 20 kV.
3.1.4.5. Catalase test

Catalase is an enzyme produced by many organisththarefore the lack of catalase
is a significant diagnostic characteristic. Theyene breaks down hydrogen peroxide
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into water and oxygen and gas bubbles are formad. féormation of gas bubbles

therefore indicates the presence of catalase enziB are known as catalase

negative. Hence, in order to confirm catalase stafuthe isolates, catalase test was
performed. For this purpose, overnight cultureghef isolates grown in respective

agar plates were used. One drop of 3% hydrogemxigersolution was placed on

clean glass slide and the desired colony was earsf into the drop using sterile

wooden stick (like tooth pick). Formation of effatibn indicated positive test

(Aneja, 2005).

3.1.4.6. Motility test

Hanging-drop method (MacFaddin, 2000) was perfortoedetermine the motility of
the isolates. The slide was observed under a tigttoscope with x 40 magnification
to check the motility of the bacteria.

3.1.5. Purification, stock culture maintenance and long term preservation

At least five individual colonies from each plater& picked using a sterile wooden
stick and subcultured in respective broth mediurd parified them by repetitive
subculture in broth and agar medium. Pure cultwe® preserved as frozen stocks in
MRS broth medium containing 40 % (v/v) glycero} a0 °C (Mehmoodet al., 2009;
Liu et al.(2004).

3.1.6. Molecular characterization of theisolates
3.1.6.1. DNA extraction and quantification

Genomic DNA for all PCR reactions was extracteanfra 100uL of an overnight
culture diluted with 30QL of TE buffer (10 mM Tris-HCI, 1 mM N&DTA, pH
8.0) as previously described (Mora et al., 200@).tAis, 10uL of lysozyme (from
stock solution of 20 mg/mL) was added and incubéiestater bath at 37C. After
30 minutes, 12.5L Sodium Dodecyl Sulphate (SDS) (20%) andulOProteinase
K (from a stock of 20 mg/mL) were added and incatiah water bath at 5 for
15 min. To this, 30@.L of phenol was added and centrifuged (HER MLE ZR83
2, BIO-RAD) at 15000 rpm for 5 minutes. After distiag the lower phase, 4Q0
chloroform was added and centrifuged at 15000 rpm5f minutes. Then upper
phase was transferred into a new sterile eppeidoef and 4QL sodium acetate (3
M) was added followed by the addition of 800 ethanol (95 %) and centrifuged at
15000 rpm for 20 minutes. Then upper ethanol layes discarded and pellet was

84



CHAPTER: 3 Materials and Methods

washed with ice cold ethanol (70%) (300-400 and centrifuged at 15000 rpm for
10 minutes. After discarding remaining ethanol, Ei¢A was dried in GYRO VAP
(HOWE, Italy). The DNA was resuspended in0sterile distilled water.

The concentration and purity of the DNA samples ewvedetermined
spectrophotometrically with a Take3 Micro-Volumeatel in the Econ BioTek
Microplate Spectrophotometer (AHSI S.p.A., Berngieg Italy). After
guantification, DNA samples were diluted with nade-free water to reach a
concentration of 100 ngl. and stored at - 2(C.

3.1.6.2. Genetic identification and grouping of isolates

After DNA extraction and quantification, groupingirfilar genus) of isolates was
carried out based on internal transcribed spaegiiom (ITS) or Ribosomal Spacer
Analysis (RSA). A PCR amplification of 120 lactobladsolates, with ITS primers
was performed. The details of the primer and thernial cycling parameters
employed are shown in Table 3.1. PCR reactions wertormed in 25l reaction
volume containing 100 ng bacterial DNA, 215 10 x reaction buffer of Dream
Taq™ (Fermentas, Vilnius, Lithuania), 2Q0 each of dNTPs, 0.5 mM Mggl0.5
uM each of primers, and 0.5 U Dream TAoDNA polymerase. Amplifications
were carried out using a PCR-Mastercycler 96 (Egpen Milan, Italy).
Amplification products were electrophoresed in 2(#v) agarose gel with 0.2
pg/mL of ethidium bromide in 1x TAE buffer (40 mMi3-acetate, 1 mM EDTA,
pH 8.0) and photographed using gel documentatistesy (Bio-Rad EZ Gel Doc
Imager). A Gene-Ruler 100 bp plus (100 — 3000 bp)ADiadder (Fermentas,

Germany) was used as a size marker.
3.1.6.3. DNA sequence analysis of isolates and phylogenetic analysis

The 16S rRNA gene was amplified by PCR, using preamdé?0 (5
GAAGAGTTTGATCCTGGCTCAG-3) and P6 (5-
CTACGGCTACCTTGTTACGA-3') (Edward et al., 1989). TRER reactions were
performed in PCR-Mastercycler 96 (Eppendorf, Geryhaand PCR programme
with 2 minutes at 94C, then 5 cycles of 45 seconds at @445 seconds at 58, 1
minute at 72C, followed by 30 cycles of 45 seconds at@445 seconds at 56, 1
minute at 72C, with a 7 minutes final extension at 2 UltraClean PCR Clean-
Up Kit (MoBio, Cabru s.a.s, Arcore, Italy) was ugedpurify PCR products prior to
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sequencing. A 500 bp fragment of the 16S rRNA gevas sequenced for
representative isolates of each cluster groupsdbase ITS/RSA profiling and
amplification was performed using the primer (5'AGITTGATCCTGGCTCAG-

3') position 8-27 oftscherichia coli (Lane, 1991). Thus obtained chromatogram
data was analyzed using Chromas (Version 2.12)ta@BLAST algorithm was
used to determine the most related sequence rdaiiv the NCBI nucleotide

sequence database (Internet visit, 2015. http://vmstar.nim.nih.gov/blast The

sequence information was imported into BioEdit Sewpe Editor for assembly and
alignment. The 16S rDNA sequences of curd isolatee compared to sequences
from type lactobacilli strains held in GenBank apllylogenetic trees were

constructed by the neighbor-joining method (Advaheevw.Pylogeny.fr 2015).

Bacillus subtilis NCDO 1769 was used as an outgroup organism. Tgwdgies of
trees were evaluated by bootstrap analysis of Hwence data based on 100
random resamplings. (Ennahar et al., 2003). Nuide@equence accession numbers

are given in annex.

The nucleotide sequences for the 16S rRNA fro Nesgalcurd isolates were
deposited with GenBank under accession number Be66&181 (for Seql-Seql3)
as KMO009071, KM009072, KMO009073, KM009074, KM009078M009076,
KM009077, KM009078, KM009079, KM0090710, KM009071KIM0090712 and
KMO0090713 (details given in Appendix 6).

3.1.6.4. Molecular identification of Lactobacillus at species and subspecieslevel

Many species-specific PCRs were performed for deatification ofLactobacillus

at strains species and sub-species level. The psetgiences of the primers used to
identify various species, subspecies, their coomeding specificities and the thermal
cycling parameters employed are shown in TableRCR reactions were performed
in 25 uL reaction volume containing 100 ng bacterial DNeA5 uL 10 x reaction
buffer of Dream Tal" (Fermentas, Vilnius, Lithuania), 2Q0 each of ANTP, 0.5
mM MgCI2, 0.5uM each of primer pair, and 0.5 U Dream TAdNA polymerase.
Amplifications were carried out using a PCR-Masgeter 96 (Eppendorf,
Germany). Amplification products were electrophecksn 2 % (w/v) agarose gel
with 0.2 pg/ml of ethidium bromide in 1x TAE buffé40 mM Tris-acetate, 1 mM
EDTA, pH 8.0) and photographed (Fortina et al., 0@ Gene-Ruler 100 bp plus
(100 — 3000 bp) DNA ladder mix (Fermentas, Germavg3 used as a size marker.
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An intraspecies-specific PCR was performed for fifieation of L. delbrueckii till
sub-species level with the primers LB1 (5'-
AAAAATGAAGTTGTTTAAAGTAGGTA-3) and LLB1 (5’-
AAGTCTGTCCTCTGGCTGG-3) and the amplified DNA fragmt was
approximately 1065 bp long (Torriani et al., 1999).

3.1.6.5. Genetic typing and cluster analysis

Genetic fingerprinting was carried out by combirsetlysis of Repetitive Element
PCR (rep-PCR) typing using primers (GTG)5-@IGGTGGTGGTGGTG-3
annealing temperature T 42 C) and BOXAIR PCR (5
CTACGGCAAGGCGACGCTGACG-3 T.= 48 'C) (Versalovic et al., 1994; De
Urraza et al., 2000; Guglielmetti et al., 2008) &awhdom Amplified of Polymorphic
DNA (RAPD)-PCR typing with primers M13 ®&AGGGTGGCGGTTCT-3 T= 38
‘C), AP02 (5-AGTCAGCCAC-3'; T= 32°C), OPI17 (5-CGAGGGTGGTGATG-3";
T.= 46 ‘C), OPI02 (5-GCTCGGAGGAGAGG-3; & 48 'C) and 1254 (5-
CCGCAGCCAA-3"; T= 33°C) (Torriani et al., 1999; Mora et al., 2000; Rdsset
al., 2005). PCR cycling conditions described byioxss authors and an amplification
protocol of 35 cycles were used. The PCR produete weparated by electrophoresis

and photographed.

Genetic similarity among isolates was determinedhenbasis of presence or absence
of bands amplified by different random primers aodstruction of Phenogram using
the NTSYSpc software, version 2.11 (Applied Bidstgatinc., Port Jefferson, NY,
USA), employing the SM, Dice and Jaccards’ simijagoefficient. A Phenogram
was deduced from a similarity matrix using the Umghiteed Pair Group Method with
Arithmetic Average (UPGMA) clustering algorithm. &hreliability of the cluster
analysis was estimated by calculating the coratatcoefficient value (r) for

phenograms generated from simple matching JaccandisDice coefficient.

3.1.6.6.Rapid genotyping of strains of Lactobacillus casel group of species by
High Resolution Melt Curve analysis(HRMa)

Real time PCR was used for this purpokactobacillus casel group of species
includes three phylogenetically related speores L. casei, L. paracasel and L.
rhamnosus (Blaiotta et al., 2008)The rapid discrimination of these closely related
species (six representative curd isolates) waspa#dd by high resolution melting
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Primer specificity and reference

Primer name and(pdo 3’)

Thermal conditions

Amplicon size (bp)

L. delbrueckii
[Torriani et al., 1999]

L. paracasei
[Ward and Tammins, 1999]

L. rhamnosus
[Ward & Tammins, 1999]

L. fermentum
[Coton et al., 2008]

L. parabuchneri
Coton et al., 2008]

L. helveticus
[Fortina et al., 2001]

L. brevis
[Coton et al., 2008]

L. plantarum
[Torriani et al., 2001]

Internal Transcribed Spacer region
(ITS)
[Jensen et al., 1993]

SS1; Fw: GTGCTGCAGAGAGAGTTTGATCCTGGCTCAG
DB1; Rev: ACCTATCTCTAGGTGTAGCGCA

Y2; FW:CACCGAGATTCAACATGG
PARA; Rev:CCCACTGCTGCCTCCCGTAGGAGT

Y2, FW.TGCATCTTGATTTAATTTTG
RHAM; Rev:CCCACTGCTGCCTCCCGTAGGAGT

1391F;Fw.TGTACACACCGCCCGTC
Lferm; Rev:TTTTCTTGATTTTATTAG

1391F; FW.TGTACACACCGCCCGTC
Lparabuc; Rev:TGTTACTCCGGTCTGTGC

PeG;, FW.CTGTTTTCAATGTTGCAAGTC
PeG; Rev.TTTGCCAGCATTAACAAGTCT
PeN; FW.CGCTGATTCTAAGTCAAGCT
PeN; Rev:CGACTAAGAAGTGGAACATTA
Tri;; FWw: TCTTATTACGCAATGGACCAA
Triy; Rev:AATACCGTTCTTGAGGTTAGA

1391F;Fw: TGTACACACCGCCCGTC
Lbrev; Rev.TAATGATGACCTTGCGGTC

planF; Fw:CCGTTTATGCGGAACACC
PREV R; Rev.TCGGGATTACCAAACATCAC

ITS-F; Fw: GAAGTCGTAACAAGG
ITS-R; Rev: CAAGGCATCCACCGT

2 min at 94C, 35 cycles of:
45 sec at 94C, 1 min at 57C,
1 min at 72C

2 min at 94C, 35 cycles of:
45 sec at 92C, 45 sec at 52C,
45 sec at 7C

2 min at 94C, 35 cycles of:
45 sec at 92C, 45 sec at 52C,
45 sec at 72C

2 min at 94C, 35 cycles of:
45 sec at 92C, 45 sec at 4%,
45 sec at 7C

2 min at 94C, 35 cycles of:
45 sec at 92C, 45 sec at 4%,
45 sec at 7C

2 min at 94C, 35 cycles of:
45 sec at 92C, 45 sec at 5&C,
1 min at 72C

2 min at 94C, 35 cycles of:

45 sec at 92C, 45 sec at 4%C,

45 sec at 7C

2 min at 94C, 35 cycles of:

45 sec at 9C, 45 sec at 5€,

45 sec at 7C

2 min at 94C, 5 cycles of: 45 sec at
94°C, 1 min at 5%; 1 min at72°C
and 30 cycles of: 45 sec at @} 45
s at 60C, 2 min at 72C

1030

290

290

460; 270

330

918; 726; 524

330

318

88



CHAPTER: 3 Materials and Methods

curve analysis (HRMa) for the DNA product obtairfeam Real Time Polymerase
Chain Reaction (PCR). DNA samples lof paracasel (five representative isolates
from different geographical locations) abhdrhamnosus representative isolates from
different geographical locations) together withestlaboratory reference strainslof
paracasei subsptolerance andL. casel were diluted with nuclease-free water to reach
a concentration of 5 ng.™ and stored at -2C. Quantitative real-time PCR reactions
(qPCR) were carried out in a final volume of fi5containing 7.5uL of SsoFast
EvaGreen® Supermix (Bio-Rad Laboratories S.r.Igr&ee, Italy), 0.25uM of each
primer [GroHRM-F (5-GTTTGATCGCGGCTATCTGA-3) and BHRM-R (5'-
CCTTGTTGMACGATTTCTTG-3)] and 15 ng of template DNAuantitative PCR
(qPCR) experiments were performed in a CFX96 thermgler (Bio-RAD
Laboratories) programmed with initial denaturatairf8'C and 72C for 1second; a
unique step of 65C for 10 seconds was finally performed. Each DNAge was
analyzed at least in duplicate. At the end of tpl#ication protocol, melting curve
analysis of the amplicons were immediately deteethiby monitoring fluorescence
from 65 to 95C, with temperature increments of 02 (Koirala et al., 2015).

For HRMa, raw fluorescence data were exported fiBim-Rad CFX-Manager
software and a single text (.txt) file was prepaf@deach strain by indicating data

from 70 to 95C as depicted below:

Temperature'C) Fluorescence
70.00 8383.74
70.20 8348.91
70.40 8314.21
70.60 8279.45

The .txt documents were used as input files fowsne uAnalyz&" v.1.8 (Dwight et
al., 2012), available on line (Internet visit, 2015

https://www.dna.utah.edu/uv/uv.phpwhich was employed for the HRMa. The

software parameters used for the normalizatiorawf ftuorescence melt data were as
follows: horizontal slider set at temperature @8and 79.5C for the analysis of.
casel species, and 7& and 81°C for the analysis of. paracasel intra-species

genotypes.
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3.2. In vitro probiotic properties of Lactobacillus spp. isolated from

traditionally prepared curd (Dahi) of Nepal
3.2.1. Study samples

Lactobacilli isolates obtained from traditionallyepared curd odahi collected at
different geo-climatic conditions of Nepal were smered for the present study.
These were selected based on the population distib (genotyping) in different
districts. Twenty four lactobacilli obtained froraur districts of Nepal were selected
for this study (Table 3.2.).

3.2.2. Strains, culture media and incubation conditions

Twenty four strains belonging to ten differdractobacillus species originating from
traditionally prepared curd odahi samples collected from different geo-climatic
conditions of Nepal were used for this study. Téait cultures werd.. delbrueckii
subspbulgaricus (n=6),L. paracasel (n=6),L. fermentum (n=3),L. rhamnosus (n=2),

L. parabuchneri (n=2), L. helveticus (n=1),L. brevis (n=1),L. harbinensis (n=1), L.

Table 3.2. Lactobacillus isolates tested fan vitro probiotic properties.

_ Number of isolates form each geographical regions
Lactic culture used for

invitro probiotic test Gorkha Rasuwa Rasuwa Lalitpur  Bhaktapur Tota

(HM) (HL) (HM) (HL) (HL) I

Lactobacillus paracasei 2 - 2 2 - 6
Lactobacillus rhamnosus 1 - - - 1 2
Lactobacillus delbrueckii

_ - 3 - 1 2 6
bulgaricus
Lactobacillus fermentum 1 1 - - 1 3
Lactobacillus

_ 1 - - - 1 2

parabuchneri
Lactobacillus helveticus - 1 - - - 1
Lactobacillus brevis - - 1 - - 1
Lactobacillus coryniformis - - 1 - - 1
Lactobacillus harbinensis - 1 - - - 1
Lactobacillus plantarum - - 1 - - 1
Total 5 6 5 3 5 24
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plantarum (n=1), L. coryniformis (n=1) (Table 2). Two commercial strains
Lactobacillus rhamnosus GG andLactobacillus casei SHIROTA were also used as
reference samples for conducting and optimizingeerpents wherever needed. All
the lactobacilli were cultured aerobically in MR&th (Sigma and Difco, Germany)
at 37°C for 24-48 hours.

3.2.3. Gastro-intestinal transit resistance test
3.2.3.1. Resistanceto pH 3 and 0.3% bile

To determine the transit tolerance through stinedlagastric juice, the method
described by Charteris et al., (1998a) and Chou &irvér, (1999) was used with
slight modifications. Overnight culture broth (30L)nof each test strain was
centrifuged at 5000 rpm at°€ for 15 minutes. Supernatant was discarded anetpel
was resuspended in 10 mL sterile peptone waterg(lLOpeptone, 5 g/L sodium
chloride, final pH 7.2+0.2 at 2%C). From peptone water cell suspension, 10Was
inoculated in 6 mL simulated gastric digestion nmqué 3 (500 U/mL pepsin, 0.125
M NacCl, 0.045 M NaHCg 0.007M KCI) and 6 mL control model (phosphateféuf
pH 6.5-7.0) followed by gentle vortexing. From eanbdel, 100uL of sample was
withdrawn for viable count at zero timeg@cid). Then the gastric model and control
model inoculated with cultures were incubated at@7After 90 minutes, 100 pL of
cell suspension was withdrawn from both models viable count (%, acid) and
remaining volume of culture broth were centrifuged supernatant were discarded.
Then, to each individual pellet obtained, 5 mL débnodel (1g/L peptone, 3 g/L
OxGall) and 5 mL of control (phosphate buffer pl)6vere added to respective tube
models, mixed by using vortex. Again from each modl®0 pL of cell suspension
was withdrawn for viable count at zero time @ile) and later incubated at 3C for
180 minutes. Then, 100 pL of culture broth fromheacodel was withdrawn for

viable count (Tgo bile).

The culture broths withdrawn from gastric modeltcohand bile model/control at
different intervals of time were serially diluted normal saline (0.85 % NaCl)
separately. Spread plate technique was used folevimunt on MRS agar (pH 6.5) in
replicates. All the plates were incubated at°G7for 24-48 hours. Colony forming

unit per mL was noted for each diluents of bothrtiaglels.
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3.2.3.2.Resistanceto pH 2 and 0.3% bile

Similar procedure as described above for determingastrointestinal transit
resistance at pH 3 and bile (0.3%) was followeddetermining the survivability at
pH 2 and bile (0.3%). But the composition of siniethgastric digestion model pH 2
was 500 U/mL pepsin, 1 g/L peptone and 0.1 M K@l #mat of control model was
phosphate buffer pH 6.5-7.0) and the rest remagade as resistance to pH 3 and

0.3% bile (as mentioned above).
3.2.4. Adherence properties
3.2.4.1. In vitro cultivation of epithelial cells

Caco-2 (heterogenous human epithelial colorectahacarcinoma cell line; ATCC
2102-CRL) cells were routinely grown in Dulbeco’sotiffied Eagle’s Minimal
Essential Medium (DMEM) supplemented with 25 mMiagise, 1.0 mM sodium
pyruvate, 20% fetal calf serum and 1% non-esseatiaho acid and incubated at 37
°C in a atmosphere of 10% @O0% air. Caco 2 cells were grown in 3 cm petrigda
on microscope cover glasses. The culture mediunre@@aced every second day and
monolayers were used in the adherence assay afterdad®s of incubation
(Guglielmetti et al., 2010).

3.2.4.2.Adhesion assay on Caco 2 cdl line

To assay the adhesion properties of lactobacitlaites, Jacobson et al., (1999)
method was followed with slight modification. Ca2aells were grown in 3 cm petri
plates on microscope cover glasses as describedeatitell monolayers were
carefully washed with Phosphate Buffered SalineSP#H 7.3) before bacterial cells
were added. The bacterial cell concentration obwernight culture was determined
microscopically with a Neubauer-improved countirftamber (Marienfeld GmBH,
Lauda-Konigshofen, Germany). Approximately 2%1@ells of each strain
resuspended in PBS (pH 7.3) were incubated witloaatayer of Caco 2 cells at 37
°C. After 1 hour, all monolayers were washed thrieees with PBS to release
unbound bacteria. Cells were then fixed with 3 nilmethanol and incubated for 8
minutes at room temperature. After removal of medthavith the help of pipette, cells
were stained with 3 mL of Giemsa stain solutior2(Q1.Carlo Erba, Milan, Italy) and
left for 30 minutes at room temperature. Cells wiben washed until no colour was
observed in washing solution and dried in an intmbat 30°C for 1 hour.
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Microscope cover glasses were then removed fromp#te plate and examined
microscopically (magnification of x400). Adhereradberia in 20 randomly selected
microscopic fields were counted and average nurobéacterial cells and also the

nuclei were noted for result interpretation.
3.2.5. Antimicrobial activity

All selected isolates were screened for antimiablactivity using paper disc
diffusion method (Albano et al., 2007; Buntin et 2008; Abedi et al., 2013). Sterile
paper disc (Whatmal Grade AA 9 mm DISC, UK) were dipped into thredetiént
preparations (an overnight grown culture broth eifche lactobacilli, cell free
supernatant and neutralized cell free supernaganat)then placed on solidified Brain
Heart Infusion Agar (with 0.3% yeast extract, 1%agise) seeded with 8 hours old
culture of test pathogensiéteria monocytogenes, Salmonella enterica, Escherichia
coli VE, Sreptooccus pyogens and Pseudomonas aerugenosa) obtained from
laboratory collection. The plates were kept aC4for 2 hours and then incubated at
37 °C for 24 hours. Afterward plates were observed digar Zone of Inhibition
(zo.

3.2.6. Antibiotic susceptibility testing

The inhibitory concentrations of nine antimicrobiagents were determined as
Minimum Inhibitory Concentration (MIC) in microgramper milliliter (pg/mL),
according to conventional broth microdilution pro#ts, in commercial 96-well
microtiter plates (Guglielmetti et. al., 2010). Hiantibioticsviz. Ampicillin (0.25-16
pg/mL), Vancomycin (0.5-16 pg/mL), Gentamycin (1812g/mL), Kanamycin (4-
256 pg/mL), Streptomycin (2-256 pg/mL), Erythromyci(0.125-4 pg/mL),
Clindamycin (0.125-4 pg/mL), Tetracycline (0.5-1@§/mL) and Chloramphenicol
(0.5-32 upg/mL) were used for antibiotic susceptipiltesting. However, the
concentrations of each antibiotics tested wereendfit for differentLactobacillus
species (EFSA, 2008).

For this, each test culture was grown in ISO-MR&tbat 37°C for 24 hours. Culture
broth was centrifuged at 14000 rpm for 1 minutgesnatant was discarded and the
pellet was resuspended in phosphate buffer sajie {.0) aseptically and the
bacterial cell concentration was determined by rmeah a Neubauer-improved
counting chamber (Marienfeld GmBH, Lauda-Konigsimofésermany). The final
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concentration of cell was maintained to 2%i®15 mL ISO-MRS broth. From this,
150 pL of cell suspension was added in wells ofratiter plate separately followed
by 50 uL of each antibiotic in different concenmat ISO-MRS medium was used as
negative control whereas 50 pL of ISO-MRS was usgded with 150 uL of cell
suspension as positive control. Precaution wasntédeecross contamination during
the addition of antibiotics and inoculation. Thedalated plate was incubated at 37
°C for 24-48 hours. Results were noted by usingtspelcotometer (BIORAD, Model
680, MICROPLATE READER, Germany) at 600 nm.

3.3.  Preparation of Probiotic Curd (Dahi) and Sweet Curd (Dahi) using novel
lactic cultures (Lactobacillus paracasei NAST-RHM82 and Lactobacillus
helveticus NAST-RHL 103) having probiotic properties.

3.3.1. Study strains of lactic cultures and Food borne pathogens

Indigenous lactic cultures obtained from traditibngorepared curd ordahi at
different geo-climatic conditions of Nepal were dise this study. Initially, six
cultures were considered for the preliminary s@@c(based on thm vitro probiotic
properties) of which two cultures (based on antibigesistance profiling)viz.
Lactobacillus paracaset NAST-RHM82 from Himalayan region of Rasuwa didtric
and Lactobacillus helveticus NAST-RHL103 from Hilly region of Rasuwa district o
Nepal were selected for the present study. From pravious study (mentioned
previous chapter), these cultures have shown goetro probiotic properties (such
as, gastrointestinal transit resistance and adhessets) and are safe for use as they

are not resistant to various antibiotics testedaling to EFSA guidelines.

3.3.2. Partial purification of antibacterial substance from indigenous lactic

cultures
3.3.3.1. Bacterial strainsand culture conditions

A working collection of six lactobacilli isolatesiginating from traditional fermented
dairy product Dahi) of Nepal were used in this study. The lactic und$ included in
this study were 1)Lactobacillus fermentum NAST-GHM2, 2) Lactobacillus
rhamnosus NAST-GHM?25, 3)Lactobacillus delbrueckii subsp.bulgaricus NAST-
RHL74, 4) Lactobacillus paracasei NAST-RHMS82, 5) Lactobacillus delbreuckii
subspbulgaricus NAST-RHL101, 6)Lactobacillus helveticus NAST-RHL103. These
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lactobacilli were grown in de Man, Rogosa and sbdMRS) (HiMedia, India) at 37
°C for 18-24 hours.

Pathogenic strains used in this study wBaeillus cereus F 481Q Escherichia coli,
Listeria monocytogenes Scott A and Saphylococcus aureus FRI 722 obtained from
laboratory collection. These indicator strains weraintained in broth and slant of
brain heart infusion medium (HiMedia, India). Theltares were propagated

successively twice in the repetitive broths, ptwtheir use in experimental trials.

3.3.3.2. Preliminary screening of Cell Free Supernatants (CFSs) derived from
MRS broth culture

The ability of lactic cultures to produce antibaigtesubstances was determined using
agar diffusion assay (Varadaraj & Ranganathn, 19&&jtracellular culture
supernatants (ten times concentrate) of lacti@aisslwere used for screening against

food borne pathogenic cultures®fcereus, E. coli, L. monocytogenes, andS. aureus.
3.3.2.2.1. Preparation of CFSsfrom MRS broth culture

Each lactic culture was grown in MRS broth at 37 f8€ 36 hours. Cell Free
Supernatants (CFSs) were obtained by centrifugattd®000 rpm and 10 °C for 20
minutes. The CFSs were concentrated ten times usyaphilizer (SCANVAC
Coolsafe 55-4 Pro, Denmark). After concentratidme fyophilized powder was
resuspended in a phosphate buffer (pH 7) and fétter sterilized (MILLEX® GV
Filter Unit, Durapore ® PVDF membrane, 0.22 um)u3iprepared CFSs were ready

for antimicrobial assay which was stored in fregz€0 °C) until use.
3.3.2.2.2. Plate assay of CFSsderived from MRS broth (Bacteriostatic assay)

The agar well diffusion technique was used to deitee the antimicrobial property of
lactic isolates (Schillinger & Lucke, 1989; Varadiaet al., 1993). An overnight
culture of each indicator pathogenic strain wasutated in a sterilized and molten
(at 45 °C) Brain Heart Infusion (BHI) agar mediuHiNledia, India). BHI inoculated
with indicator strains (approximately 7.2 Logl0 QFllL; Varadaraj & Ranganathan,
1984) was poured in a sterile Petri plate, mixedoamly and allowed to solidify.
The wells (10 mm) were made in the agar plate @fetl fwith 100 uL of each of
CFSs of lactic cultures derived from MRS broth &eftl for 30 minutes. Plates were
kept in refrigerator for 3 hours and later incublaa¢ 37 °C for 18 hours. Results were
noted for clear zone of inhibition (ZOI) in mm.
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3.3.2.2.3. Plate assay of CFSsderived from MRS broth (Bactericidal assay)

Bactericidal assay was performed usBigereus (Ogawa et al., 2001Yhe agar well
diffusion technique was used as described above.oyarnight culture of each
indicator strain were inoculated in a sterilizedd aooled (40-45C) Brain Heart
Infusion (BHI) agar (HiMedia, India). BHI inoculatewith indicator strains were
poured in a sterile Petri plates and mixed unifgrrlfter solidification, the wells (10
mm) were made and plates were incubated atC3for 12 hours for growth of
pathogens. Later, each well was filled with 100 @fLCFSs and kept in refrigerator
for 3 hours. Then the plates were left overnightaaim temperature. Results were

noted for clear zone of inhibition (ZOI) in mm.
3.3.2.2.4. Bactericidal assay of CFSsin broth

One mL of CFS derived from respective lactic cidtum MRS broth was taken in a
sterile test tube (5 mL). An overnight grown cuétwf B. cereus (2x1¢ CFU/mL)
was inoculated in all the tubes, incubated at 370t@4 hours and observation was
made in terms of turbidity. Later 500 pL of aliqueas withdrawn from each tube
and inoculated into new Brain Heart Broth (HiMediaglia) and incubated at 37 °C
for 24 hours. Results were observed for presenabdsence of growth (Ogawa et al.,
2001).

3.3.3.3. Assessment of antibacterial properties of cell free supernatants (CFSs)
derived from skimmed milk broth culture

3.3.2.3.1. Media, lactic strains and cultur e conditions

Two lactic culturesviz. Lactobacillus paracasei NAST-RHM82 andLactobacillus
helveticus NAST-RHL 103 were selected for profiling antibacié activity. These
two cultures were grown and maintained in skimmd# broth. It was formulated by
mixing 10 g skimmed milk powder, 0.5 g yeast extré&c5 g glucose and volume
made to 100 mL using lukewarm distilled water faoléml by filtration through
moistened cotton to remove some lumps of milk powdéus prepared skimmed
milk broth was sterilized and used as medium fawgh of lactic cultures to study
antibacterial profile as well as maintaining oftlaccultures. The pathogenic strains
used wereBacillus cereus F 481Q Escherichia coli, Listeria monocytogenes Scott A

andSaphylococcus aureus FRI 7220btained from laboratory collection.
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3.3.2.3.2. Preparation of CFSsfrom skimmed milk culture broth

Two lactic cultures were grown individually in skimed milk broth at 37 °C for 36
hours. The CFSs were obtained by centrifugatio8G0 rpm at 10 °C for 20
minutes. The CFSs were concentrated 10 times ukyaphilizer (SCANVAC

Coolsafe 55-4 Pro, Denmark). After concentratioal€ 3.3), the lyophilized powder
was resuspended in a phosphate buffer (pH 7) arter l&lter sterilized

(MILLEX® GV Filter Unit, Durapore ® PVDF membran®,22 um). Thus prepared
CFSs were ready for antimicrobial assay and storddeezer (at -40 °C) until use.

Each time same procedure was followed to obtainsGfs#n skimmed milk.

Table 3.3. Concentration of cell free supernatant (CFSs) ahskilk broth of two lactic
cultures viz.L. paracase NAST-RHM82 andL. helveticus NAST-RHL103 at different

volume.

Purification steps Initial vol. (mL) concentrated withdrawn | Left over vol.
P of CFSs vol. (mL) vol. (mL) (mL)
Skim Milk CFSs 400 40 10 30
Methanol extraction 30 20 10 10
Methanol-Acetone
extraction 10 8 0 8

3.3.2.3.3. Solvent extraction for purification of antimicrobial substance
3.3.2.3.3.a. Methanol Extraction of skimmed milk concentrate

Skimmed milk concentrate (20 ml) and ice cold methd60 mL) were mixed (in the
ratio of 1:3) and uniformly dispersed at 5 °C usMaggnetic stirrer (2 MLH REMI
MAGNETIC STIRRER, India). After 24 hours, superndtawas collected by
centrifugation at 8000 rpm at 10 °C for 20 minut®gpernatant was concentrated to
lowest volume (10 ml or half of the initial volumaying Rotary Evaporator (IKA
RV 10 digital). Methanol extract was filter stezéid (MILLEX® GV Filter Unit,
Durapore ® PVDF membrane, 0.22 um) and used fabacterial profiling (Pulusani
et al., 1979; Suma et al., 1998).

3.3.2.3.3.h. Acetone extraction of methanol concentrate

Methanol extracts (10 mL) and ice cold acetoner(®) were mixed and uniformly
dispersed at 5 °C using Magnetic stirrer (2 MLH RBEMAGNETIC STIRRER,
India). After 24 hours, supernatant was collectgaéntrifugation at 8000 rpm at 10
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°C for 20 minutes. Supernatant was concentratdoviest volume (5 mL or half of

the initial volume) using Rotary Evaporator (IRRV 10 digital). Methanol-acetone
extract was sterilized (MILLEX® GV Filter Unit, Dapore ® PVDF membrane, 0.22
pim) and used for antibacterial profiling (Pulusainal., 1979; Suma et al., 1998).

3.3.2.3. Plate assay for antimicrobial activity of skimmed milk, methanol and

methanol-acetone concentrate

Agar well diffusion technique was used for thisagssAn overnight culture of each
indicator strain was inoculated in sterilized andled (at 45 °C) Brain Heart Infusion
(BHI) agar. BHI inoculated with individual indicattrain was poured in a sterile
petri plate, mixed uniformly and left for solidiidon. After solidification, wells (10
mm) were made and 100 pL of each lactic culturensied milk concentrate,
methanol extract and methanol-acetone extract peweed in separate wells and left
as such for 30 minutes. Plates were kept in refaigpr for 2 hours and later
transferred to incubator at 37 °C for 18 hours.uResvere noted for clear ZOl in mm
(Schillinger & Lucke, 1989; Varadaraj et al., 1993)

The sterile solution of 1% lactic acid in distillecater (pH 2.48), 1% lactic acid in
phosphate buffer-pH7 (pH 4.18) and (IO lactic acid in 100 mL distilled water (pH

3.2) were used as negative control in above meadighate assay.
3.3.2.4. Protein estimation of CFSsand itsderivatives

The protein content of skimmed milk concentrate,thaeol concentrate and
methanol-acetone concentrate were estimated ushaglifdd method (Bradford,
1976). A 100 pL of each sample was taken and ldidtivater was added to make up
to 1.5 mL volume. To this, 1.5 mL of Bradford reag#vas added and incubated in
room temperature (RT) for 30 seconds for colourettgysment. Then, light absorption
at 595 nm was recorded on UV spectrophotometer {880, SHIMADZU, Japan).
Reference solutions were prepared in identical reaas above, except that 100 pL

of protein solution was replaced by distilled water
3.3.2.5. Determination of Arbitrary Unit mL™ (AU mL™)

The antibacterial concentration of each samplar(sied milk concentrate, methanol
extract and methanol-acetone extract) was detedhmigh the critical method of
dilutions called AU m[* (Hernandez et al., 2005; Roopashri & Varadara],120For
this, all the samples were diluted to 1:1, 1:2, 1:8, 1:16, 1:32, 1.64 using phosphate
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buffer (pH 7) and agar well diffusion assays weeef@med to calculate AU mt.
Antibacterial activity of the culture supernatamias calculated as the reciprocal of
the highest dilution showing definite inhibition afdicator bacterial strains and
expressed as arbitrary unit fi(AU mL™).

3.3.2.6. Deter mination of minimum inhibitory concentration (M1C)

Minimum Inhibitory Concentration (MIC) was deterrath using skimmed milk
concentrate, methanol extract and acetone-metleati@ict against various pathogens
mentioned above. For this, the entire sample wiagedi to 1:1, 1:2, 1:4, 1:8, 1:16,
1:32, 1:64 using phosphate buffer (pH 7) and oneofrdach sample was used against
2x1C cells per mL. One mL of each extract diluents wassferred in sterile test
tubes and each indicator strain was inoculated riegpective diluent tubes of each
extracts. All the inoculated tubes were incubate87a°C for 24 hours. Results were
observed based on the turbidity compared to pesifvithout any sample) and
negative control (without pathogens). MIC was chdted with respect to arbitrary
unit mL™* (AU mL™) (Abdelbasset & Djamila, 2008).

3.3.2.7. Scanning electron microscopy (SEM)

Overnight grown pathogens (2%16ells per mL) were treated with 1:1 dilution of
methanol-acetone concentrate of both samples at temperature for 18 hours. Cells
were harvested, fixed using 0.2 % glutaraldehyd&°& for 4 hours and washed with
different percentage of ethanol (30%, 50%, 70%, 90%0%) in an increasing
concentration. After drying, samples were storeddsiccator until use. Samples were
spread on a clean glass cover slips and allowedlrfpng. Later, glass cover slips
with samples were kept on double-sided conductidgesive tape pasted on a
metallic stub and subjected to gold covering angeoked under scanning electron
microscope (LEO 435 VP; LEO Electron Microscopy,n®aidge, UK) at 20 kV
(Acharya et al., 2005).
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3.34. Product development using Lactobacillus paracasei NAST-RHM82 and
Lactobacillus helveticus NAST-RHL 103

3.3.4.1. Praobiotic Curd (Dahi) preparation
3.3.4.1.1. Preparation of skimmed milk broth

Skimmed milk broth (10%) was prepared by mixingmakied milk powder (100 g),
yeast extract (5 g), and glucose (5 g) in distilemter (900 mL). For this, required
quantity of skimmed milk powder was added into lukem distilled water with
stirring (to avoid lumps formation) to dissolveptoperly. Later, yeast extract and
glucose were added and dissolved and final volumdenup to 100 mL. Finally, the
broth was filtered through moistened cotton, disgenin 10 mL amount in test tubes
or higher amounts either in glass beakers or cbriiesk depending on the
experiment. Skimmed milk broth was sterilized férrtiinutes at 121 °C.

3.34.1.2. Preparation of inoculums

Overnight grown cultures oflLactobacillus paracasei NAST-RHM82 and
Lactobacillus helveticus NAST-RHL103 from MRS broth were separately inoteth
in skimmed milk broth and incubated at 37 °C for I2durs. After successive
subculture (at least two times) in skimmed milkthrdhe lactic cultures were ready
as starter culture for product development. Eanofetilactic cultures were freshly

grown for 18-24 hours prior to inoculation for gheduct development.
3.34.1.3. Mediafor Curd preparation

Commercially available homogenized milk was usedaasource of medium for
product development. Glass beakers (500 mL) anceasuoring cylinder (100 mL)
were covered with aluminum foil and sterilized hytaclaving. Then, milk (100 mL)
were poured aseptically in pre-sterilized beakb (mL) with the sterile measuring
cylinder (100 mL) and covered correctly with tharalnum foil. All the beakers with
milk were autoclaved in a cooker for five minutedtér a first whistle). The milk

medium was cooled to 40-45 °C before inoculation.

3.34.14. Optimization of inoculum size, fermentation time, pH and

titratable acidity for product development

Five sterile milk medium (100 mL each at 40-45 kCylass beakers (500 mL) were
used for optimization study. Of the five milk mehiutwo were inoculated with.
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paracasei NAST-RHM82 (1% & 2% v/v inoculums separately), twadium withL.
helveticus NAST-RHL103 (1% & 2% v/v inoculums separately) amntheaker with a
sterile milk medium was used as negative contrdlthfe beakers were incubated at
37 °C. The times for setting (curdling) were notadefully in each case. After setting,
products were transferred to the refrigerator fothfer analysis. The pH, titratable

acidity and viable count were measured for allgraducts.
3.34.1.5. Preparation of product with optimized parameters

Two sterile milk medium (100 mL each at 40-45 °@)glass beaker (500 mL) were
taken. Each medium were inoculated individuallyhwitne percent inoculum and
incubated at 37 °C. The product formed wlithhelveticus NAST-RHL103 was set

after 8 hours, so it was transferred to the refatge. Whereas the product formed
with L. paracasel NAST-RHM82 was set after 30 hours and was transfieto the

refrigerator. Thereafter in each case, chemicajamoleptic (sensory profiles) and
microbiological properties of the products wereeassd after 3 hours storage in

refrigerator.

3.34.1.6. Analysisof the product properties
3.3.3.1.6.a. Chemical properties
Determination of pH

The pH of Curd samples was determined using areddid microprocessor based
digital pH meter (Eutech, Cyberscan 1000, Singadp@®AC, 1990).

Titratable acidity

Titratable acidity of samples was measured bymgtric method as described by
Olubamiwa et al., (2007). A 0.5 mL of phenolphtial@ % solution prepared in 95%
alcohol) was added as an indicator in 10 mL of ¢archL sample plus 9 mL distilled

water). The samples were then titrated with 0.1d0N. All the determinations were
carried out in triplicates and concurrent valuesengoted. The titratable acidity was

calculated as lactic acid percentage (%) (Ades@l.e2010).

Titratable acidity = (mL NaOH x N NaOH x M.E. x10@)lume of sample used (Rao
et al., 1998)

Where, mL NaOH = volume of NaOH consumed duringtiibn
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N NaOH = Normality of NaOH
M.E. = molecular equivalent factor
Fat extraction

Fat extraction was carried out using Mojonnier Meth(AOAC Intl. Methods
1989.05, 2006). Curd sample (10 g) was weighed rately and transferred to
extraction tube. To this ammonia (1.25 mL, sp.®@8974) was added and shaken
thoroughly and incubated for 30 minutes. Then e#hgbhol (10 mL) was added and
mixed well. Thereafter, diethyl ether (25 mL, padexfree) was added, closed with
stopper cap and shaken vigorously for about hatiraute. Then petroleum ether (25
mL, boiling range 40-60 °C) was added and shakamaggorously for about half a
minute. It was allowed to stand until the upperaclethereal layer was separated
completely. When there is a tendency to form eroulsa little alcohol was added to
help separation of the layers. The clear etheadriwas transferred into a round
bottom flask. Previous step was repeated thrice thedclear ethereal layer was
collected. The ethereal extract was added to tlmeeseontainer and evaporated
completely using vacuum evaporator. The flask wasddn the hot air oven at 102 +
2 °C for 2 hours, cooled in a desiccator and welgh#e fat from the flask was
washed out with petroleum ether carefully leaving asoluble residue in the flask.
The flask was heated again in the hot air overBfbminutes, cooled in a desicattor
and weighed. The process was repeated until tiiereiiice between two successive
weights did not exceed 1 milligram. Difference betw duplicate determinations

obtained simultaneously should not be more thag @0 fat/100 gm product.
Fat percent w/w = (Weight of fat /weight of curdrgde) x100
Determination of fatty acidsin curd samples by Gas Chromatography

The fat from the curdsamples were extracted by Mojonnier method as tbestr
previously. The fatty acids present were conveltgd fatty acid methyl esters
(FAME) by following procedure. Fat sample (200 mggs transferred into a stopper
capped glass centrifuge vial. Two mL of heptanehexane and 0.1 mL of 1 N
methanolic KOH were added. The vial was closedkeavell for 30 seconds and
centrifuged. Later two drops of upper layer weleetaand diluted with two mL of
hexane or heptanes. The final concentration of fatid methyl esters (FAME) in
hexane was approximately 0.5%. FAME sample (0.2 w&3 injected into capillary
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column of gas chromatography (GC-2010 Gas Chromapdy, Shimadzu, Japan)
(AOCS, 2003).

3.3.3.1.6.b. Organoleptic properties (Sensory profiling)

The curd samples were prepared and put in a redtigeat 6 °C for 3 hours. Then
samples were coded as A, B, C and sensory analyass carried out for three

samples. The codes represented the stated sanefib@s b

Sample A: Curd prepared usihgctobacillus paracaset NAST-RHM82
Sample B: Curd prepared usibgctobacillus helveticus NAST-RHL103
Sample C: Commercial Curddhi) in the local market, Mysore, India

Sensory analysis of Curd (A, B and C) samples veargied out by Quantitative
Descriptive Analysis (QDA) which comprised of 15 aeale anchoring at low (1.25
cm) or detection threshold and high (13.75 cm) ler saturation threshold. The
intensity of each specific description was quaatifon the structured scale. Suitable
attributes specific to the curdlghi) was identified in the preliminary session of
evaluations. Panelists were suitably trained angnted towards the sensory
technique and the product to be evaluated. Caretakas to avoid interference from

other sources or bias.

Evaluations were conducted under white fluoresdagiit, with the booth area
maintained at temperature 22 + 2 °C and RH 50 +.5A%uitable score card was
developed using “Free-Choice Profiling” method sefg appropriate terminology.
Samples were presented in petri plates coded wdlgi8 random numbers, to the
panelists. A glass of drinking water was also pitedito cleanse the palate in between

the samples.

Curd samples were subjected to instrumental colbeasurement using colour
measuring equipment (Colour Flex, EZ, Hunter Lalsdksation INC, Reston, USA).

Analysis was carried out under D65 illuminant al@ddgégree view angle.
3.3.3.1.6.c. Microbiological properties

The products were analyzed for viable counts didamount. A curd samples (10 mL)
was serially diluted in 90 mL of sterile normal isal (0.85%). Second dilutions
onwards were performed in one mL of sample and Qfrdterile normal saline up to

desired number of dilutions. One mL of last foufudnts tubes were used in

103



CHAPTER: 3 Materials and Methods

duplicates separately for pour plating using MR&radll the plates were incubated
at 37 °C for 48 to 72 hours and lactic count wasyarated through indirect counting
using a colony counter (Digital Colony Counter, SERWELL, Bangalore, India)

followed by the dilution factor.
3.34.1.7. Pre-processing contaminant effect

In this experiment, starter culture and the indicgtathogen culture (four different
pathogens in four different medium) were inoculag@hultaneously to assay the
antibacterial competence of the particular startdture against respective pathogens.
For this, two lactic cultured.( helveticus NAST-RHL103 andL. paracasei NAST-
RHM82) were used to make the products and the ddterent indicator pathogens
viz. Bacillus cereus, Escherichia coli, Listeria monocytogenes and Staphylococcus

aureus) were used as pre-processing contaminants.

For this, two sets of sterile milk medium [fourrdgmilk medium in each set (50 mL
each at 40-45 °C)] in glass beakers (250 mL) weepgred and inoculated with one
percent inoculum of each lactic culture in both #ets separately. Simultaneously,
2x10" active cells of four respective pathogens wereeddih the milk medium
inoculated with respective starter culture. Afterogulation, all medium were
incubated at 37 °C. Soon after setting (8 hoursLfohelveticus NAST-RHL103
product and 30 hours foc. paracaset NAST-RHM82 product), microbiological
counting was carried out for individual pathogensselective medium while lactic

cultures were counted in MRS agar.

Pour plate techniqgue was used for enumeration afclaculture. For this, serial
dilution was performed to the desired level and orle of last four diluents were
poured in a sterile petri plate and molten MRS g4ga#0-45 °C) was poured, mixed
uniformly and left for solidification. After solification, all the plates were incubated
at 37 °C for 48-72 hours.

Spread plate technique was used for enumeratigatbiogen strains. For this, serial
dilution was performed up to the desired level ArildmL desired diluents tube were
transferred in respective selective agar platesmndad by using L-shaped rods. All
the plates were incubated at 37 °C for 24-48 hdarall the cases, duplicate plating
was performed and average of count was considereddta analysis. The entire
selective media used in this study were of HiMedhaia. The medium used were
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MYP Agar Base, MacConkey Agar, Listeria SelectivgaA and Baird Parker Agar

for B. cereus, Escherichia coli, Listeria monocytogenes andS. aureus respectively.
3.3.4.1.8. Post-processing contaminant effect
3.3.3.1.8.a. Post processing contaminant effect with product

Two lactic culturesl(. helveticus NAST-RHL103 and.. paracasei NAST-RHM82)
were used to make products separately in four reiffebeakers (250 mL) and soon
after product formation four different pathogemadllus cereus, Escherichia cali,
Listeria monocytogenes and Staphylococcus aureus) were inoculated individually as
post-processing contaminants, incubated 4€6up to 24 hours and analyzed the
effect of lactic culture towards the pathogens.ebch case (two separate lactic
cultures as starter), four sterile milk medium QL each at 40-45 °C) in glass
beakers (250 mL) were taken. All media in both¢hees were inoculated separately
with one percent inoculum of each lactic culturel amcubated at 37 °C. Soon after
setting (incubation time 8 hours fdar helveticus NAST-RHL103 product and 30
hours forL. paracaset NAST-RHM82 product), products were inoculated safsy
with 2x10 active cells of four different pathogens in bolie tases. Each product
inoculated with separate pathogens was mixed pisopath the help of sterile glass
rods separately followed by incubation at 6 °C.eAft2 & 24 hours of incubation,
each product was analyzed for individual pathogeunnt in respective selective

medium.

Serial dilution was performed to desired level aptead plate technique was used for
enumeration of pathogens. In each case, 0.1 mLiloérds from above desired
dilution was transferred in respective selectivaraglate and spread by using L-
shaped rods. All the plates were incubated at 3i1bPQ4-48 hours. In all the cases,
duplicate plating was performed and average of teas taken into consideration for

data analysis.

3.3.3.1.8.b. Post-processing contaminant effect in addition to 10X skimmed milk
concentrate in the product

Product was prepared usirig helveticus NAST-RHL103 and soon after product
formation, four different pathogensBdcillus cereus, Escherichia coli, Listeria
monocytogenes and Staphylococcus aureus.) were inoculated individually as post-
processing contaminants and simultaneously one rhL1@X skimmed milk
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concentrate oL. helveticus was added into each products, incubated at 6 °© ag

hours and analyzed the effect of lactic cultureamis the pathogens.

For this, four sterile milk medium (50 mL each 8t4b °C) in glass beakers (250 mL)
were taken and were inoculated separately withpameent inoculums and incubated
at 37 °C for 8 hours. Soon after setting, eachymbaias inoculated with 2x2@ctive
cells of four different pathogens separately amduianeously, one mL of skimmed
milk concentrate (10X) oL. helveticus was added in all the beakers. Each product
inoculated with separate pathogen and skimmed coiticentrate was mixed properly
with the help of separate sterile glass rod anceviecubated at 6 °C. After 12 & 24
hours, each product was analyzed for individuahpaén in selective medium. Serial
dilution was performed to desired level and sprp&te technique was used for
enumeration of pathogens. In each case, 0.1 mLiloérds from above desired
diluents was transferred in respective selectivar qgate and spread by using L-
shaped rods. All the plates were incubated at 3ibP@Q4-48 hours. In all the cases,
duplicate plating was performed and average of touams considered for data

analysis.
3.3.4.2. Sweet Curd (Dahi) preparation

3.34.2.1. Preparation of cell suspension by sabilizing cells in  high

concentration glucose medium

Lactobacillus helveticus NAST-RHL103 was grown in four different MRS brot{i©

mL) at 37 °C for 18 hours. Cells were harvesteghed two times with sterile normal
saline (0.85 %) and resuspended in 10 mL of steolenal saline until use. All the
cells from each broth were inoculated in MRS brodimtaining 10%, 15%, 20% &
25% glucose in (10 mL) and incubated in refrigeralthe culture broth tubes were
mixed twice every day by using vortex (REMI CM 1(@idia). After 4 days, the cells
were harvested by centrifugation and suspendetkriiesnormal saline at 6 °C until

use.
3.34.2.2. Mediapreparation for Sweet Curd

A 400 mL of homogenized milk was taken in a staslsteel vessel and boiled in a
low flame with a continuous stirring till the volemwas reduced to 50 % of initial
volume. Then, milk was divided into four parts inseerile beaker (250 mL) and

covered with aluminium foil. Different amount of gar was weighed to maintain
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10%, 15%, 20% and 25% separately. The sugar wdschealow flame to melt and
added to different beaker labeled with differenha@ntration of glucose medium.

Medium was sterilized by autoclaving for 10 minutes
3.3.4.2.3. Preparation of Sweet Curd with optimized parameters

Concentrated milk media with different sugar corniions (10%, 15%, 20% and
25% sugar) were cooled to ambient temperature stiteitization. All the cells of cell

suspension obtained by culturing in respective spgecentage in MRS medium (as
mentioned above) were inoculated into respectigaispercentage of medium and
incubated at 37 °C for 16 hours. After setting, greducts were transferred to

refrigerator for analysis of chemical, sensory amdrobiological properties.
3.34.2.4. Analysisof the product

3.3.3.2.4.a. Chemical properties

Determination of pH

The pH of Sweeturd samples was determined using a calibratedopriccessor
based digital pH meter (Eutech, Cyberscan 100@&pore) (AOAC, 1990).

Determination of Titratable acidity

Titratable acidity of samples was measured bymgtric method as described by
Olubamiwa et al. (2007). Phenolphthalein (0.5 mig dolution in 95% alcohol) was
added as an indicator in 10 mL of curd (1 mL cudhgle plus 9 mL distilled water).
The samples were then titrated with 0.1 N NaOH.tAdl determinations were carried
out in triplicates and concurrent values were not&€be titratable acidity was

calculated as lactic acid percentage (%) (Ades@l.e2010):

Titratable acidity = (mL NaOH x N NaOH x M.E. x10@)lume of sample used (Rao
et al., 1998)

Where, mL NaOH = volume of NaOH consumed duringtiibn
N NaOH = Normality of NaOH

M.E. = equivalent factor
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Total sugar estimation

Total sugar estimation was carried out using medifphenol sulphuric acid method
(Sturgeon, 1990). Sample or carbohydrate solutioh ihL) was taken in a test tube
and phenol solution (0.3 mL of 5% phenol) and cotreg¢ed sulphuric acid (1.8 mL)
were added and mixed properly. After allowing test ttubes to stand for 10 minutes,
they were vortexed for 30 seconds (REMI CM 101jdhand allowed to remain for
20 minutes at room temperature for colour develagmEhen, light absorption at 490
nm was recorded on UV spectrophotometer (UV-18MIIVADZU, Japan). Two
reference solutions were prepared in identical rapas above, except that 0.5 mL of

carbohydrate solution was replaced by distilledewat
3.3.3.2.4.b. Organoleptic properties (Sensory profiling)

The Sweeturd samples were prepared and put in a refrigeedté °C for 3 hours.
Then samples were coded as A, B, C and sensorysisialas carried out for three

samples. The codes represented the stated sanejib@s b
Sample A: SweeCurdwith 10 % glucose medium
Sample B: Sweefurd with 15 % glucose medium
Sample C: Swedaturd with 20 % glucose medium
3.3.3.2.4.c. Microbiological properties

The Sweeturd products were analyzed for viable counts ctidecultures. 10 mL of
curd samples was serially diluted in 90 mL of $¢enormal saline (0.85%). Second
dilutions onward were performed in one ml of samgbel 9 mL of sterile distilled
water up to desired number of dilutions in ordegéd isolated colonies. One mL of
last four diluents was used in duplicates separdtelpour plating using MRS agar.
All the plates were incubated at 37 °C for 48 toh@urs and lactic count was
established through indirect counting using a cploounter (Digital Colony Counter,
Sii SERWELL, Bangalore, India) multiplied by thdudion factor.
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4.0. RESULTSAND DISCUSSIONS

The present study was an attempt for phenotypieotyeic and beneficial attributes
characterization of lactobacilli strains isolatedni traditionally prepared curdighi)
obtained from various geo-climatic conditions ofpide Various microbiological and
biochemical tools were used to isolate, screen abthin lactic acid bacteria.
Following phenotypic identification, study was feed on the dominant
Lactobacillus species, where molecular tools were used to iiyeatid study their
genetic diversity based on geo-climatic conditidnstotal, 120Lactobacillus strains
belonging to ten different strains were obtaine@itif@ 120 lactic cultures, 24 were
further selected forn vitro probiotic attributes study. Probiotic attributascls as
gastrointestinal transit resistance (at pH 3 & 0.B#e and pH 2 & 0.3% bile),
adhesion to Caco-2 cells, antimicrobial activityamgt enteric pathogens and
antibiotic susceptibility testing was carried obtirther, two strains identified ds
paracasei NAST-RHM82 andL. helveticus NAST-RHL103 having goodn vitro
probiotic properties was further used to develogbkitic curd ¢lahi) and Sweet curd
(dahi). This section describes the stepwise experimeesallts obtained and an effort

has been made to discuss the findings.
4.1. Results

4.1.1. Isolation, biochemical and molecular characterization Lactobacillus spp.

from traditionally prepared curd (dahi) at different altitudesin Nepal
4.1.1.1. Geographical details of sample

Traditionally prepared curd samples were colledtedh four districts, two each from
the Hilly and the Himalayan regions. The samplietads with geographical

Table 4.1. Sample collection details (altitude, latitude,ddande and temperature of the
sample) of Gorkha District (Manaslu Conservatioear

Sample| Altitude (m) Latitude Longitude Temp. ZC) Collected site
GHM1 | 3718 28°30'12.5"|  84°48'32.1" 17.2

GHM2 | 3704 28°30'8.1" 84°48729.7" 17.2 ot
GHM3 | 3721 28°30'2.3" 84°4826.7" 17.0 Mzer‘];asla
GHM4 3769 28°29'58.7" 84°48'26.2" 17.0 Conservation
GHM5 | 3791 28°29'57.8"|  84°48727.6" 17.0 Arec?o(rl\lfr;A)’
GHM6 | 3627 28°3336.5"|  84°41'50.3" 17.1

GHMS | 3615 28°30'12.2"|  84°46'41.1" 17.1
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positioning system (GPS) readings, altitude andehgerature of the sample at the
time of collection are given in Table 4.1, 4.2,,443}. The samples collected in the
sterile plastic container were preserved in ice-bod transported to Molecular
Biotechnology Laboratory, NAST, Khumaltar, Lalitpamd preserved at 4 °C until
subsequent experiments.

Table 4.2. Sample collection details (altitude, latitude, ddnde and temperature of the
sample) of Lalitpur District.

Sample Altitude Latitude Longitude Temp. (°C) Collected site
LHL1 | 1333 27°39'26.12" 85°19'41.10" 21.2

LHL2 | 1332 27°39'26.44" 85°19'43.56" 22.2 Khumaltar
LHL3 | 1345 27°39'21.12" 85°19'18.90" 20.1

LHL4 | 1349 27°39'18.54" 85°19'16.91" 20.4

Table 4.3. Sample collection details (altitude, latitude, ddnde and temperature of the
sample) of Bhaktapur District.

Sample | Altitude (m) Latitude Longitude Temp. (°C)  Collected site
BHL1 | 1313 27°39.956' 08825.469' 20.9 Suryabinayak,
BHL2 | 1320 27°39.996' 08826.007' 21.1 Jagati, Adarsha
BHL3 | 1316 27°40.001' 08826.206' 20.9 Dattatraya,
BHL4 | 1318 27°40.039' 08825.009' 21.4 Chyamasignh,
BHL5 | 1324 27°40.410' 08826.298' 20.9 Kamalbinayak,
BHL6 | 1338 27°40.557' 08826.226' 21.2 Muldhoka,
BHL7 | 1342 27°40.605' 08826.116' 20.2 Mahalaxmi and
BHLS | 1344 27°40.555' 08525.908" 217 Mahakali of
BHLO | 1343 27°40.567" 08526.040" 205 Bhaktapur District

Table 4.4. Sample collection details (altitude, latitude, ddnde and temperature of the
sample) of Rasuwa District.

Altitude

Sample (m) Latitude Longitude Temp. (°C) Collected site

RHM1 3019 28°06'991" 85°21'864" 18.1

RHM2 3020 28°06'993" 85°21'936" 17.9

RHM3 3017 28°06'958" 85°21'975" 17.9

RHM4 2966 28°07'0.8" 85°21'50.3" 17.8 Sampe RHM1-

RHM16

RHM5 2874 28°07'05.9" 85°21'06.0" 17.9 represents
samples collecteq

RHM6 2953 28°07'11.0" 85°21'47." 18.0 from Mukharka,
Lauribinayak of

RHM7 2908 28°07'15.5" 85°21'35.5" 18.0 Rasuwa District

RHMS8 2862 28°07'22.6" 85°21'31.3" 17.8

RHM9 2773 28°07'32.2" 85°21'31.9" 17.8

RHM10 2716 28°07'41.3" 85°21'27.8" 17.9

RHM11 2961 28°07'07.1" 85°21'58.1" 17.9
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RHM12 2971 28°07'06.3" 85°22'56" 18.7
RHM13 2948 28°07'06.7" 85°22'06.1" 18.6
RHM14 2959 28°07'07.1" 85°21'56.1" 17.9
RHM15 3977 28°5'32,17" 85°23'7.28" 17.8
RHM16 3693 28°6'9.43" 85°22'1.30" 17.8
RHL17 1696 27°59'57.7" 85°13'35.6" 18.9
RHL18 1696 27°59'57.7" 85°13'35.6" 18.9
Sample RHL17
RHL19 1731 27°59'56.9" 85°13'36.5" 19.8 to RHL24
. . o . represents
RHL20 1731 27°59'56.9 85°13'36.5 19.8 samples collected
RHL21 1730 27°59'57.2" 85°13'36.4" 19.8 from
Kalika Sthan,
RHL22 1730 27°59'57.2" 85°13'36.4" 19.8 Janglang VDC,
Rasuwa District
RHL23 1717 27°59'57" 85°13'35.5" 19.7
RHL24 1717 27°59'57" 85°13'35.5" 19.7

4.1.1.2. I solation, microscopic and biochemical characterization of LAB

Total mesophilic count of LAB on MRS agar mediuntissed below in Table 4.5. All
the curdsamples collected were indigenous prodiahf) produced by traditional

method from different geographical regions. Colenieshowing different

morphological characteristics (colour, shape, ste) were sub-cultured in MRS

Table 4.5. Details of sampling site, animal source of milkgwots and enumeration of viable
LAB.

Range of Mean of

. Total
Sampling . Altitude Milk No. of LAB total No.
S.N. : Region from Samples count samples
Site (m) ) : of
Animal (Replicate) (Log (Log LAB
CFU/mL) CFU/mL)
Gorkha , 3615-
1 (MCA) Himal 3791 Cow 8 6.3-8.1 7.94+0.90 73
Rasuwa 3017-
2 (>3000 Himal Chauri 4 6.9-82 7.85+0.72 23
m) 3977
Rasuwa
3 (<3000 Fahad 1717- g g 7 72-9.4 7.88+0.35 20
m) (Hill 1731
. Pahad 1330- 9.2 -
4 Lalitpur (Hill) 1366 Buffalo 4 10.4 9.25+1.20 14
Bhaktapur Pahad 1342- Cow &
5 (Hill) 1357  Buffalo 9 7.3-8.4 7.04+0.80 63
Total 32 193
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broth and pureultures were developed on MRS agar medium (pH 5&)ly Granm
positive non motile bacilli and catalase negats@dtes were considered for furtt
study. All together 120 lactobacilli isolates wetatained from 64 cu samples (32
duplicate samples). Glycerol stock (40%) preparatball 120 isolates was carri
out and preserved at20 °C (Table 4.6).

Table 4.6. Lactobacillus isolates (gram positive rods).

S.N District Lactobacillusisolates Remarks
1. Gorkha 42
2. Rasuwa (Himalayan regic 14
3. Rasuwa (Hilly regior 14 preserved & 20 °C
4. Lalitpur 10 in glycerol stock in
5. Bhaktapur 40

Total 120

rhamnosus, c) L. parabuchneri, d) L. paracasai.

The scanning microscopic photographs of represeatéLactobacillus species
(identified after molecular characterization) anewn below (Figure 4.1, 4.2 and 4

in which significant differences in the morphologgn be observed despite of

112



CHAPTER 4: Results and Discussions

same genus. The morphological study could be udefumetabolism study wit
respect to the probiotic attributes (Varadarajl.etl®93)

Figure 4.2. Scanning electrormicroscopy (40x10x magnification) e) L. brevis, f) L.
plantarum g) L. coryniformis, h) L. harbinensis.

Figure 4.3. Scanning electron microscopy (40:* x magnification): i)L.delbru eckii subsp.
bulgaricus, j) L. helveticus.
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4.1.1.3. Molecular characterization of theisolates

4.1.1.3.1. Genetic identification of the LAB isolates based on RSA profiling, DNA
sequencing, phylogenetic analysis and species specific PCR

A total of 120 isolates were used for molecularlgsis. A first grouping step vs
reached by PCR amplification of the-23S rRNA Spacer Region (RSA). Altogett
ten different profiles characterized by three baof about 30-550 bp molecular

weight were obtained following electrophoresis 20 1solate (Figure 4.a).

Figure 4.4a. ITS profiles obtained from representative lactolidgsolates from traditiondy
prepared curd samplelsane marked M i400 bp ladder molecular weight marker and L
1-10 represents differeiLactobacillus species; Lane {Lactobacillus delbrueckii), Lane 2
(Lactobacillus paracasei), Lane 3 L[actobacillus rhamnosus), Lane ¢ (Lactobacillus
fermentum), Lane 5(Lactobacillus parabuchneri), Lane 6(Lactobacillus helveticus), Lane 7
(Lactobacillus brevis), Lane 8 (Lactobacillus harbinensis), Lane ¢ (Lactobacillus
coryniformis) andLane 1( (Lactobacillus plantarum).

Representative strains of these 10 clusters webgected to 16S rRNA ger
sequencing where 10 different species of LAB weleniified. The sequence d:
obtained were compared with the Gank sequences which allowed identificatior

all the representative isolates from the RSA migreprofile (Figure 4.4a). In a
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Figure 4.4b. Phylogenetic tree showing the relative positioniLactobacillus spp. isolated
from Nepalese curd (underlined) as inferred frome theighbc-joining method of
phylogenetic analysis based on partial 16S rDNAusages. Numerical values shown in

nodes represent Bootstrap values. Referenceg ¢yple strains usen the analysis are give

with their respective gene bank accession numB. subtilisis used as an out grot

effort to identify lactobacills from curd at species level, molecular phylog
analysis was conducted and phylogenetic tree wastrmtedbased on partial 1€

rDNA sequences from evolutionary distances by the ner-joining method.
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Following phylogenetic analysis, lactobacilli isida from Nepalese curd formed
distinct cluster (reported with bootstrap valueghwespective_actobacillus species

obtained from Genbank database (Figure 4.4b).

Table 4.7. Diversity of Lactobacillus species obtained from samples collected from Hilly
(HL) and Himalayan (HM) region.

Gorkha Rasuwa Rasuwa Lalitpur Bhaktapui

S.N. Lactobacilli identified (ﬁﬁ? (HM) (HL) (HL) (HL) Total
1 Lactobacillus paracasei 23 4 - 3 - 30
2 Lactobacillus rhamnosus 12 - - - 9 21
3 Lactobacillus delbrueckii - 7 10 6 23 46
4  Lactobacillus fermentum 4 - 1 1 6 12
5 Lactobacillus parabuchneri 3 - - - 2 5
6 Lactobacillus helveticus - - 2 - - 2
7 Lactobacillus brevis - 1 - - - 1
8 Lactobacillus coryniformis - 1 - - - 1
9 Lactobacillu harbinensis - - 1 - - 1

10 Lactobacillus plantarum - 1 - - - 1

BACTERIAL DISTRIBUTION  4/42 5/14 4/14 3/10 4/40 10

All other isolates were also identified by specil€R (Figure 4.6, 4.7 and 4.8) as
Lactobacillus delbrueckii (46 isolates, cluster 1) (Figure 4.3i),actobacillus
paracasel (30 isolates, cluster 2) (Figure 4.1H#ctobacillus rhamnosus (21 isolates,
cluster 3) (Figure 4.1b),actobacillus fermentum (12 isolates, cluster 4) (Figure 4.1a),
Lactobacillus parabuchneri, (5 isolates, cluster 5) (Figure 4.ld)actobacillus
helveticus (2 isolates, cluster 6) (Figure 4.3pactobacillus brevis (1 isolate, cluster
7) (Figure 4.2e),Lactobacillus harbinensis (1 isolate, cluster 8) (Figure 4.2h),
Lactobacillus coryniformis (1 isolate, cluster 9) (Figure 4.29) ahéctobacillus
plantarum (1 isolate, cluster 10) (Figure 4.2f). An idert#tion detail with respect to

sampling sites and number is given in Table 4.Tifeig.5.
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Figure 4.5. Relative distribution of thd.actobacillus species identified in curd samples
according to the geographical origin. Tkactobacillus species were obtained in various
percentagelactobacillus delbrueckii (38%), Lactobacillus paracasei (25%), Lactobacillus
rhamnosus (18%), Lactobacillus fermentum (10%), Lactobacillus parabuchneri, (4%),
Lactobacillus helveticus (less than 2%)l.actobacillus brevis (less than 1%)l.actobacillus
harbinensis (less than 1%)lactobacillus coryniformis (less than 1%) andactobacillus
plantarum (less than 1%).
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Figure 4.6. Gel picture of species specific PCR profile: A) L. delbrueckii (n=46), C&D)
L. delbrueckii subspbulgaricus (n=46), E)L. paracasei (n=30), F)L. rhamnosus (n=21).

4.1.1.3.2. Genetic analysis of Lactobacillus strains using other PCR based maker

tools

Five major groups of strainsL. delbrueckii, L. paracasei, L. rhamnosus, L.

fermentum and L. parabuchneri) were typed by combined analysis of repeti
element PCR (repCR), BOXAIR and RAPD typing which allowed a hi
discrimination at strain level. The majority of tlddserved fingerprinting profile

within each group were uniqueigure 4.13, 4.14, 4.15 and 4.16), revealing a
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Figure4.7. Gel picture of species specific PCR profile) L. fermentum (n=12), H)L.

parabuchneri (n=5).

Rasuwa and Lalitpur district

1500 bp
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100 bp:

Figure 4.8. Gel picture of species specific PCR pre: 1) L. brevis (n=1), .) L. helveticus
(n=2), K) L. plantarum (n=1).

degree ofgenetic differencewith respect geographical variation. Although isedk
from different samples collected from various gepipical regionsLactobacillus
rhamnosus isolates has identical/monomorphic fingerprintshwihe entire teste
marker. The experimental results shcd that Lactobacillus delbrueckii could be
considered as major dominant species in Hilly negiarhereas in Himalayan regi

Lactobacillus paracasel is dominant.Lactobacillus rhmnosus was not found in
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Lactobacillus delbrueckii subsp. bulgaricus (Matrix correlation: r = 0.93819)
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Figure 4.9. Phenograngenerated folactobacillus delbrueckii subsp.bulgaricus strains using DNA
profilesproduced by prime OPI17, OPI02 and M13 using @A algorithm of NTSYS PC softwa

(version 2.11 -Applied Biostatics Inc., N). LHL = Lalitpur, BHL = Bhaktapur, RHL =Rasuwa,
RHM = Rasuwa.

The dendrogram related to each group of isolatesstoucted after analysis of t
digitized respective fingerprints with the UPGMA tined, are shown in Figure 4.
4.10, 4.11 and 4.12. Similarity matrices were dedusy means of mple Matching
(SM), Jaccard’s (J) and Dice (D) coefficient of gamty using SimQual (Similarit
for qualitative data) module of NTSYS pc ver. 2.The correlation coefficient valt

(r) for of Jaccard, Dice and Simple Matching caséints were not ve different in
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Lactobacillus paracasei (Matrix correlation; r = 0.84041)
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Figure 4.10. Phenogram generated fLactobacillus paracasei strains usingdNA profiles produced
by primes1254, M13, BOXALR, and (GTG)5 usirtUPGMA algorithm of NTSYS PC softwa

(version 2.11 -Applied Biostatics Inc., NY).Strain origin: LHL =dlitpur, RHM = Rasuwa, GHM :
Gorkha.

all four Lactobacillus species tested for intra species genetic divediigy. The
correlation coefficient values for Jaccard, Diced &imple Matchig coefficients
found to be0.93819, 0.93027 and 0.92071 fiL. delbrueckii, 0.84041, 0.83754 and
0.83092 forL. paracasei, 0.94090, 0.93814 and 0.93801 fcL. fermentum and
0.92868, 0.92163 and 0.91807 fiL. parabuchneri respectively. Assessment of ir-

species genetic diversity was carried out usingcalalés coefficient matrix as

revealed very well fit of similarity matrix to phegram. The symmetric (similarit
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value ranged from 0.001 to 0.700, 0.158 to 0.88%4 to 0.730 and 0.071 to 0.3

for L. delbrueckii, L. paracasei, L. fermentum andL. parabuchneri respectively.

Lactobacillus fermentum (Matrix correlation: r = 0.94090)

[~
X
=
=
o

BHL140

BHL145

BHL157

BHL160

BHL161

BHL162

T T T T T T T T T T T T T T T T T T T T 1
0.11 0.27 0.42 0.58 0.73
Coefficient

Figure 4.11. Phenogram generated Lactobacillus fermentum strains usindNA profiles produced
by primers OPI117, 1254, and M13 usiUPGMA algoithm of NTSYS PC softwa (version 2.11 —
Applied Biostatics Inc., NY).Strain origin: LHL =dlitpur, GHM = Gorkha, RHL = Rasuwa, BHL
Bhaktapur.

Matrix correlation: r= 0.92868

Lactobacillus parabuchneri

GHM1 |

GHM31 .

BHLS?

HLSS

L64 N

[ T T T T T T T T T T T T T T T T T T T |
0.11 0.18 025 032 039
Coefficient

Figure 4.12. Phenogram generated fdLactobacillus parabuchneri strains usingDNA profiles
produced by primergiz. OP117, 1254, and M13 (UPGMalgorithm of NTSYS PC software«ersion
2.11 —-Applied Biostatics Inc., NY Strain origin: GHM = Gorkha, KVBHL = Bhaktar.
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Figure 4.13. PCR profiles generated fL. delbrueckii subspbulgaricus isolates (n=46): A)
Lane 1-32with primer 125. (1-32 isolates), B) Lane 1-3fith primer M13 (:-32 isolates), C)
Lane 1-14 & Lane 132 with primer 1254 (33-46 isolates) & M13 (3&-isolate), D) Lane
1-23with primer OPI02 (-23 isolates), E) Lane 1-28ith primer OPI02 (24 to 46) , fLane
1-26 with primer OPI017 (-26 isolatey M represents 100 bp ladder molecular we

marker and CN represents control nega
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Figure 4.14. PCR profiles generated fL. delbrueckii subspbulgaricus isolates (n=46): G)
Lane 1-26with primer OPI017 (-26 isolates)L.. delbrueckii subspbulgaricus (reduced from
46 to 28 isolates based on previous profile foparation of score matrix): FLane 1-28 with
primer M13 (n=28, |) Lane -28 with primer OPI02 (n=28), J) Lane28with primer OPI17
(n=28). PCR Profiles fcL. paracasei: K) Lane 1-30with primer 1254 (n=30), LLane 1-30
with primer BOXAIR and (GTG)5 (n=2); M represents 100 bp ladi molecular weight

marker and CN represents control nega
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Figure 4.152. PCR profiles generated fiL. paracasei: M) Lane 130 with primer M13
(n=30), N) PCR profile foL. parabuchneri with primer 1254, M13, OPI17 (n=5, from left
right in the same gel picture), PCR profile L. rhamnosus. O) Lane 121 with primer 1254
(n=21), P) Lane 1-24ith primer API02 (n=21), QLane 1-2With primer M13 (n=21)R)
Lane 1-2With primer OPI17 (=21); M represents 100 bp ladder molecular weight e

and CN represents control negat
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Figure 4.16. PCR profiles generated foL. fermentum: S) Lane 112 with primer 1254
(n=12), T) Lane 1-12vith primer M1: (n=12), (U) Lane 1-1&vith primerOPI17 (n=12); M

represents 100 bp ladder molecular weight markeGix represents control negat

4.1.1.3.3. Rapid genotyping of strains of Lactobacillus casei group of species by
Real time PCR based High Resolution Melt Curve analysis (HRM a)

For this experimentL. paracasei isolates (five representative isolates from dififie
geographical locations) arL. rhamnosus isolates (six representative isolates from diffée
geographical locations) together with the referestmin: (Koirala et al., 201% of L.
paracasei subsp.tolerans LMG 9191, L. casei (LMG 23516 and 69('/ATCC 393) and
several other Lactobacilli were used. Our experingtmowed that GroHMR primer allow:
the discrimination among thL. casei group of species [Figure 4.1A)]. The mel curve
analysis of three species were distinct which watsdistinct using species spec PCRs.
Also, L. paracasei isolates were distinguisheinto two subspeciesL. paracasei subsp.
paracasel andL. paracasel subsp.tolerans using melt curve analys[§igure 4.17 (B)]. All
representative isolatef L. paracasei obtained from traditionbl prepared curddahi) belong

to L. paracasel subspparacasa.
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Figure 4.17. High Resolution Melting Curve nalysis (HRMa) of the 150 bp grol DNA fragment

amplified by gPCR from strains belonging to specittheLactobacillus casei group. Panel A: HRMa
performed orlLactobacillus casel group of species. Thgroup | curves includL. rhamnosus strains;

group Il curves includé. paracasei strains; group Il curves include casei strains. Panel B: HRM

performed orlL. paracasei strains. The cluster of curves “a” includeparacasei subspparacasel and

the cluster of curves “b” inclucL. paracasei subsptolerans.

4.1.2. In vitro probiotic properties of Lactobacillus spp. isolated from
traditionally prepared curd (Dahi) obtained from different geo-climatic

conditions of Nepal
4.1.2.1. Gastrointestinal transit resistance

Twenty fourLactobacillus isolates belonging to ten different species wesgetk for
gastrointestinal transit resistance in acid and bdnditions successively (Tal4.8,
Table 4.10. All the isolates were found to be resistantltb3and 0.3% bile with th
Logl1l0 CFU/mL rangig from 4.9 to 7.8 (Tabl4.8 and Figurd.1¢ - 4.27) while only
fifteen isolates showed resistant to pH 2 and Ob&o(Log10 CFU/mL for urvivals
ranging from 1.3 to 7) (Table 4.9 and Figure 4.18 - 4)2During gastrointestin:
transit resistance giH 3 and 0.3% bileL. fermentum NAST-GHM2 showed the
highest resistanosith average viable count of 7.(Log10 CFU/mL at Tigo While L.
paracasei NAST-RHM84 showedoweg resistance with average viable count 4
(Logl0 CFU/mL) at Ti30. Here, thirteen dctobacilli showed resistance with 1
averageviable count>7 (Logl0 CFU/mL). Similarly, nine isolates with asge
viable count>6 (Logl0 CFU/mL), one isolate with average cow® (LoglO
CFU/mL) and one isolate with average co>4 (Log10 CFU/mL) showd resistance

at different level.
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Table 4.8.Viable count (Logl0 CFU/mL) of lactic isolates dgi gastrointestinal transit

resistance at pH 3 and bile (0.3%)caseiSHIROTA andL. rhamnosussG were used as the

standard organisms for this experiment.

Average viable count at pH 3 and 0.3% bile

. Control Control Control
Lactic cutures ) |Test (B | (Tod |Test(Ba) | (Tud | (1o
GIT experiment
Logl10 Logl10 Logl10 Logl10 Log 10 Logl0
CFU/mL | CFU/mL | CFU/mL | CFU/mL | CFU/mL | CFU/mL
L. coryniformisNAST-RHM94 | 7.54+0.04 7.46+0.08| 7.60+0.07| 7.64+0.04| 7.69+0.01| 7.38+0.02
L. plantarumNAST-RHM93 7.77+0.05 7.36+0.02| 7.74+0.04| 7.79+£0.06| 7.73+0.03| 7.79+0.11
L. brevisNAST-RHM92 7.64+0.04 7.61+0.01| 7.53+0.01| 7.69+0.04| 7.73+0.06| 7.63+0.04
L. delbrueckiiNAST-BHL138 7.26+0.04 7.16+0.01| 6.84+0.08| 7.22+0.07| 6.74+0.04| 6.68+0.11
L. delbrueckiiNAST-BHL152 6.85+0.01 6.85+0.07| 6.83+0.05| 6.86+0.09| 6.88+0.09| 6.75+0.09
L. delbrueckiiNAST-LHL128 7.23+0.10 7.20£0.04| 7.17+0.06| 7.30+0.01| 7.36+0.01| 6.43+0.09
L. delbrueckiiNAST-RHL101 5.72+0.08 5.88+0.09| 6.45+0.04| 6.38+0.00| 6.66+0.07| 6.42+0.03
L. delbrueckiiNAST-RHL74 7.33+0.02 7.27+0.08| 7.96+0.08| 7.93+£0.04| 7.92+0.06| 7.80+0.02
L. delbrueckiiNAST-RHL87 7.26+0.07 7.25+0.05| 7.21+0.07| 7.21+0.07| 7.13+0.00| 6.66+0.07
L. fermentunNAST-BHL162 7.83+0.02 7.79+0.02| 7.83+0.05| 7.80+0.09| 7.78+0.01| 6.85+0.04
L. fermentumNAST-GHM2 7.79+0.05 7.85£0.04| 7.19+0.00| 7.85+0.01| 6.78+0.01| 7.85+0.07
L. fermentunNAST-RHL98 7.51+0.08 7.57+0.04| 7.29+0.20| 7.73+£0.02| 7.17+0.06| 7.34+0.02
L. harbinensidNAST-RHL95 7.45+0.04 7.46+0.02| 7.53+0.01| 7.51+0.08| 7.51+0.08| 7.51+0.08
L. helveticulNAST-RHL103 6.58+0.05 6.66+0.07| 6.62+0.03| 6.77+0.08| 6.60+0.07| 6.78+0.08
L. parabuchnerNAST-BHL58 7.64+0.03 7.63£0.03| 7.63+0.03| 7.67+0.06| 7.68+0.05| 7.70+£0.03
L. parabuchnerNAST-GHM31 | 7.71+0.16 7.77+0.08| 7.68+0.05| 7.78+0.05| 7.75+0.05| 7.81+0.13
L. paracaseNAST-GHM24 6.78+0.02 6.84+0.41| 6.68+0.25| 6.86+0.06| 6.81+0.06| 6.40+0.16
L. paracaseNAST-GHM5 7.56+0.08 8.11+0.03| 7.65+0.03| 8.14+0.06| 8.20+0.04| 7.66+0.02
L. paracaseNAST-LHL132 7.57+0.04 7.61+0.08| 7.59+0.01| 7.64+0.03| 7.77+0.08| 6.62+0.03
L. paracaseNAST-LHL133 7.14+0.07 6.87+£0.02| 7.49+0.01| 6.88+0.10| 7.14+0.07| 5.30£0.01
L. paracaseNAST-RHM82 7.50+0.05 7.50+0.05| 7.36+0.01| 7.41+0.04| 7.32+0.02| 7.32+0.02
L. paracaseNAST-RHM84 7.49+0.01 7.55+0.01| 6.92+0.06| 7.58+0.05| 6.90+0.01| 4.95+0.06
L. rhamnosusNAST-BHL6 7.68+0.05 7.69+0.04| 7.79+0.05| 7.67+0.06| 7.82+0.10| 7.67+0.02
L. rhamnosusNAST-GM25 7.72+0.04 7.68+0.05| 7.73+0.06| 7.72+0.10| 7.75+0.05| 7.75+0.09
L. caseiSHIROTA 5.73+0.02 5.76+0.05| 5.72+0.01| 5.73+0.02| 5.734+0.04| 5.72+0.06
L. rhamnosussG 5.95+0.04 6.23+0.10| 6.39+0.07| 6.23+0.01| 6.38+0.20| 6.34+0.02

In case of pH 2 and 0.3% bile, the strainfermentumNAST-GHM2 showed the
highest resistance with average viable count 716610 CFU/mL) where a$.

plantarumNAST-RHM93 showed least resistance with averagblgicount 1.69
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Table 4.9 Viable count (Logl0 CFU/mL) of lactic isolatesrihg gastrointestinal transit

resistance at pH 2 and bile (0.3%)caseiSHIROTA andL. rhamnosussG were used as the

standard organisms for this experiment.

Average viable count at pH 2 and 0.3% bile

Control

Control

Control

ractic cullures ) |Test (B | (Tad |Test(hy | (Td | (1ooy
GIT experiment

Logl0 Log10 Logl0 Log10 Log 10 Logl0

CFU/mL | CFU/mL | CFU/mL | CFU/mL | CFU/mL | CFU/mL
L. coryniformisNAST-RHM94 | 8.25+0.05 8.13+0.20| 8.02+0.01| 0.00+0.00| 8.20+0.04| 0.00+0.00
L. plantarumNAST-RHM93 7.66+0.07 7.74+0.08| 7.70+£0.03| 1.69+0.08| 7.19+0.00| 1.69+0.08
L. brevisNAST-RHM92 7.76+£0.03 7.77+0.04| 7.80+0.06| 1.00+0.10| 7.60+0.02| 2.17+0.06
L. delbrueckiNAST-BHL138 | 7.23+0.1Q 7.19+0.10| 7.07+0.09| 0.00+0.00| 7.27+0.08| 0.00+0.00
L. delbrueckiNAST-BHL152 | 7.14+0.06 7.29+0.15| 7.25+0.05| 0.00+0.00| 8.13+0.00| 0.00+0.00
L. delbrueckiiNAST-LHL128 | 7.21+0.07 7.14+0.06| 7.20+0.04| 0.00+0.00| 7.34+0.02| 0.00+0.00
L. delbrueckiNAST-RHL101 | 6.40+0.06 6.77+0.10| 6.30+0.01| 0.00+0.00| 6.51+0.08| 0.00+0.00
L. delbrueckiiNAST-RHL74 7.49+0.08 7.67+0.02| 7.51+0.01| 7.39+0.07| 7.50+0.05| 6.45+0.04
L. delbrueckiiNAST-RHL87 6.69+0.1Q 6.65+0.03| 6.68+0.05| 0.00+0.00| 6.71+0.06| 0.00+0.00
L. fermentunNAST-BHL162 7.5540.1Q 7.63+0.03| 7.50+0.05| 7.50+0.05| 7.51+0.08| 6.29+0.00
L. fermentumNAST-GHM2 7.47+0.07 7.63£0.03| 7.55+0.12| 7.70+0.07| 7.60+0.07| 7.66+0.07
L. fermentunNAST-RHL98 6.72+0.04 7.35+0.03| 6.74+0.04| 7.61+0.08| 6.34+0.02| 7.13+0.00
L. harbinensisNAST-RHL95 7.34+0.02 7.26+0.07| 7.32+0.02| 2.30+0.01| 7.38+0.09| 2.39+0.07
L. helveticulNAST-RHL103 6.55+0.20 6.77+0.08| 6.66+0.07| 3.11+0.03| 6.49+0.08| 3.13+0.00
L. parabuchnerNAST-BHL58 | 7.67+0.02 7.58+0.05| 7.57+0.09| 0.00+0.00| 7.62+0.08| 0.00+0.00
L. parabuchnerNAST-GHM31 | 7.67+0.02| 7.63+0.03| 7.60+0.07| 0.00+0.00| 7.66+0.02| 0.00+0.00
L. paracaseNAST-GHM24 6.52+0.08 6.56+0.08| 6.57+0.04| 2.47+0.07| 6.51+0.08| 2.47+0.07
L. paracaseNAST-GHM5 7.72+0.3Q 7.72+0.08| 7.71+0.01| 2.74+0.00| 7.82+0.02| 2.47+0.07
L. paracaseNAST-LHL132 7.34+0.02 7.38+0.09| 7.31+0.01| 2.17+0.06| 7.43+0.09| 2.00+0.00
L. paracaseNAST-LHL133 7.23+0.10 7.13+0.00| 7.20+0.04| 2.30+0.01| 7.25+0.05| 2.00+0.00
L. paracaseNAST-RHM82 7.25+0.08 7.31+0.01| 7.304+0.01| 3.14+0.06| 7.45+0.03| 2.87+0.05
L. paracaseNAST-RHM84 7.52+0.08 7.60+0.07| 7.62+0.03| 2.30+0.01| 7.66+0.07| 2.00+0.00
L. rhamnosuNAST-BHL6 7.69+0.04f 7.68+0.01| 7.76+0.03| 0.00+0.00| 7.81+0.02| 0.00+0.00
L. rhamnosuNAST-GM25 7.69+0.04 7.68+0.05| 7.78+0.01| 2.60+0.02| 7.83+0.05| 2.92+0.09
L. caseiSHIROTA 5.85+0.01 5.84+0.05| 5.90+0.03| 2.36+0.01| 5.85+0.01| 1.30+0.01
L. rhamnosussG 6.00+0.4Q 5.95+0.04| 6.07+0.09| 3.87+0.05| 6.11+0.03| 1.61+0.00

(Logl0 CFU/mL) (Table 4.9). Here, two lactobacdlhowed resistance with the

average viable count7 (Log1l0 CFU/mL). Similarly, two isolates with aage count
>6 (Logl0 CFU/mL), one isolate with average viabteitt >3 (Logl0 CFU/mL),
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nine isolate with average coum? (Logl0 CFU/mL) and one isolate with average

viable count1 (Logl0 CFU/mL).The average viable count of twansiard probiotic

organismsviz. Lactobacillus caseSHIROTA andL. rhamnosusGG remained<2

(Logl0 CFU/mL). The results obtained are superiercampared to commercial

probiotic organisms likeLactobacillus rhamnosussG and Lactobacillus casei
SHIROTA (Table 4.8, 4.9 and Figure 4.28, 4.29). 8wy of the gastrointestinal

resistance assay is presented in Table 4.10.

Table 4.10. Summary for Gastrointestinal transit resistance.casei SHIROTA andL.

rhamnosussG were used as the standard organisms for thisriexent.

Lactic culture used for Gastrointestin
transit
(GIT) experiment

al Survival at the GIT (atgh and T;go minutes in acidic and bile

conditions res

pectively ) with

pH 3 & 0.3% Bile

pH 2 & 0.3% Bile

coryniformisNAST-RHM94

+

+

. plantarumNAST-RHM93

+

+

. brevisNAST-RHM92

+

. delbrueckiiNAST-BHL138

+

. delbrueckiiNAST-BHL152

. delbrueckiiNAST-LHL128

+ |+

. delbrueckiiNAST-RHL101

+

. delbrueckiiNAST-RHL74

. delbrueckiiNAST-RHL87

+ | +

. fermentunNAST-BHL162

+

+

. fermentunNAST-GHM2

. fermentunNAST-RHL98

+ |+

+ |+

. harbinensidNAST-RHL95

+

+

. helveticulNAST-RHL103

. parabuchnerNAST-BHL58

+ |+

. parabuchnerNAST-GHM31

+

. paracaseNAST-GHM24

. paracaseNAST-GHM5

+ |+

+

. paracaseNAST-LHL132

+

+

. paracaseNAST-LHL133

. paracaseNAST-RHM82

+ |+

+ |+

. paracaseNAST-RHM84

+

. thamnosuNAST-BHL6

. rhamnosuNAST-GHM25

. caseiSHIROTA

. rhamnosusGG

+|+|+|+| +
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Gastrointestinal transit resistance for L. paracasei
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Figure 4.18.The graph plotted using viable count (Log10 CFU/roE}ix strains fol. paracaseiin
two GIT models (pH3+0.3% bile and pH2+0.3% biley,iadicated in legend C=control and T= test:
Lp5 (L. paracaseiNAST-GHM5), Lp24 [. paracaseiNAST-GHM24), Lp82 L. paracaseiNAST-
RHM82), Lp84 (. paracaseiNAST-RHM84), Lpl132 I. paracaseiNAST-LHL132), Lp133 L.

paracaseiNAST-LHL133).
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Gastrointestinal transit resistance for L. parabuchneri
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Figure 4.19.The graph plotted using viable count (Log10 CFU/rfdr)two strains of.. parabuchneri
in two GIT models (pH3+0.3% bile and pH2+0.3% hike3 indicated in legend C=control and T= test:

Lp31 (L. parabuchnerNAST-GHM31), Lp58 L. parabuchnerNAST-BHL58).
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Figure 4.20.The graph plotted using viable count (Logl0 CFU)ratsix strains forL. delbrueckiiin
two GIT models (pH3+0.3% bile and pH2+0.3% bile)irdicated in legend C=control and T= test:
Lp74 (L. delbrueckiiNAST-RHL74), Lp87 L. delbrueckiiNAST-RHL87), Lp101 . delbrueckii
NAST-RHL101), Lp128 I(. delbrueckiiNAST-LHL128), Lp138 L. delbrueckiiNAST-BHL138),

Lp152 (. delbrueckiNAST-BHL152).

Gastrointestinal transit resistance for L. brevis
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Figure 4.21.The graph plotted using viable count (Log10 CFU/roftpne strain foi.. brevisin two
GIT models (pH3+0.3% bile and pH2+0.3% bile), adidated in legend C=control and T= tedt92

(L. brevisNAST-RHM92).
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Gastrointestinal transit resistance for L. fermentum
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Figure 4.22.The graph plotted using viable count (Log10 CFU/rfdr)L. fermentunin two
GIT models (pH3+0.3% bile and pH2+0.3% bile), adidated in legend C=control and T=
test: Lf2 (. fermentumNAST-GHM2), Lf98 (. fermentumNAST-RHL98), Lf162 (.
fermentunNAST-BHL162).

Gastrointestinal tranit resistance for L. rhamnosus
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Figure 4.23. The graph plotted using viable count (Logl0 CFU)rfir two strains ofl.
rhamnosusn two GIT models (pH3+0.3% bile and pH2+0.3% )ilas indicated in legend
C=control and T= test: Lr6L( rhamnosusNAST-BHL6), Lr25 (. rhamnosusNAST-
GHMZ25).
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Gastrointestinal transit resistance for L. plantarum
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Figure 4.24. The graph plotted using viable count (Logl0 CFUynfir one strain ofL.
plantarumin two GIT models (pH3+0.3% bile and pH2+0.3% )ilas indicated in legend
C=control and T= test: Lp93 (plantarumNAST-RHM93).

Gastrointestinal transit resistance for L. coryniformis
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Figure 4.25. The graph plotted using viable count (Logl0 CFU/nfit)) one strain ofL.
coryniformisin two GIT models (pH3+0.3% bile and pH2+0.3% hile3 indicated in legend
C=control and T= test: Lc94 ( coryniformisNAST-RHM94).
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Gastrointestinal transit resistance for L. harbinensis
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Figure 4.26. The graph plotted using viable count (Logl0 CFU/nfiy) one strain ofL.
harbinensisin two GIT models (pH3+0.3% bile and pH2+0.3% )ilas indicated in legend
C=control and T= test: Lb9% ( harbinensi?NAST-RHL95).

Gastrointestinal transit resistance for L. helveticus
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Figure 4.27. The graph plotted using viable count (Logl0 CFU/nfiy) one strain ofL.
helveticusin two GIT models (pH3+0.3% bile and pH2+0.3% )ilas indicated in legend
C=control and T= test: Lh103 (helveticudNAST-RHL103).
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Gastrointestinal transit resistance for L. rhamnosus
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Figure 4.28. The graph plotted using viable count (Logl0 CFU/nfid) one strain ofl.
rhamnosusn two GIT models (pH3+0.3% bile and pH2+0.3% )ilas indicated in legend
C=control and T=test: LrG@.. rhamnosussG).

Gastrointestinal transit resistance for L. casei SHIROTA
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Figure 4.29.The graph plotted using viable count (Log10 CFU/rfdt)L. caseiin two GIT
models (pH3+0.3% bile and pH2+0.3% bile), as inidan legend C=control and T= test:
LcSH (L. caseiSHIROTA).
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4.1.2.2. Adherence to Caco-2 monolayer cells

Caco-2 cell monolayer was used to know the adhgmioperty of the lactic isolates,

out of 24 isolates tested, 17 isolates showed ipesiv adhesion while nine did not

posses any adhesive property (Figure 4.30-4.39e®Ba@n the number of bacteria

adhered in each microscopic field an average ahZoscopic field was obtained for

each isolates. Log value of the average numbeacteba adhered indicated the weak

(+), mild (++) or strong adhesion (+++) (Table 4.11

Table 4.11.Results of adhesion assayla@ictobacillusspecies on Caco-2 cell monolayer.

Lactic culture Identification Avr?dcrllgi of bgg'?érinacl)'cc()eflls ol}ot?alc?éﬁ;?églfé) Remarks
L. coryniformisNAST-RHM 94 16.0+1.80 0+0.00 NA -
L. plantarumNAST-RHM93 12.3+2.10 22.2+1.50 1.34+0.06 ++
L. brevisNAST-RHM92 13.2+1.40 936+13.80 2.94+0.06 +++
L. delbrueckiiNAST-BHL138 19.1+1.30 12.8+1.10 1.10+0.07 ++
L. delbrueckiilNAST-BHL152 20.2+0.80 12.6+1.60 1.10+0.01 ++
L. delbrueckiiNAST-LHL128 11.6+£1.10 18.7+2.10 1.27+0.02 ++
L. delbrueckiiNAST-RHL101 11.6+£1.20 18.8+1.70 1.27+0.04 ++
L. delbrueckiiNAST-RHL74 12.3+1.50 142+5.80 2.15+0.02 +++
L. delbrueckiiNAST-RHL87 17.7+2.80 12.5+0.70 1.09+0.07 ++
L. fermentunNAST-BHL162 19.3+3.30 22.2+1.50 1.34+0.06 ++
L. fermentumNAST-GHM?2 19.4+1.70 186.6+11.80 2.27+0.01 +++
L. fermentumNAST-RHL98 24.2+0.90 230.8+8.50 2.36+0.03 +++
L. harbinensidNAST-RHL95 11.9+1.20 102.6+5.20 2.01+0.01 +++
L. helveticudNAST-RHL103 14.6+1.40 495.8+12.60 2.69+0.05 +++
L. parabuchnerNAST-BHL58 9.2+0.60 89.916.30 1.95+0.03 ++
L. parabuchnerNAST-GHM31 12.1+1.20 537.6+£3.40 2.7+0.03 +++
L. paracaseNAST-GHM24 10.0+£1.00 0£0.00 NA -
L. paracaseNAST-GHM5 10.0£1.00 0+0.00 NA -
L. paracaseNAST-LHL132 9.0+1.00 21+2.00 NA -
L. paracaseNAST-LHL133 11.0+1.50 0+0.00 NA -
L. paracaseNAST-RHM82 20.3+3.00 4.9+0.50 0.69+0.10 +
L. paracaseNAST-RHM84 19.3+1.90 4.8+0.70 0.68+0.01 +
L. rhamnosuNAST-BHL6 14.0+20 0+0.00 NA -
L. rhamnosusNAST-GHM25 13.0+1.60 0+0.00 NA -

Note: NA = Not Applicable; - = Non-adhesive; = Adhesive with Log10 value below %+

= Adhesive with Log10 value between 12+ = Adhesive with Log10 value between 2-3.
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Figure 1.30.Adhesion to Cac-2 cells monolayer, as observed with Giemsa stai
under light microscopex 400 magnification). Pink coloured (big patch like) :
nucleus of Cac@- cells and small rod shapstructuregpresent on the monolayer ¢
adhered lactobacilkells: (a) L. delbrueckiiNAST-RHL74, (b)L. delbruecki NAST-
RHL87, (c)L. delbruecki NAST-RHL101, (d)L. delbrueckiNAST-LHL128.

Seven isolates were completely -adhesive (photograph not shown) whereas ¢
seventeen isolates showed adhesion Caco2 cell monolayer. Two strair
(Lactobacillus paracas NAST-RHM82 and Lactobacillus paracas NAST-
RHM84) were weak adhesive with Log10 average nunobéracterial cells adhere

equals to <1. Similarly eight strains were foundbéomild adhesive wi Log10
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Figure 4.31.Adhesion to Cac-2 cells monolayer, as observed with Giemsa stai
under light microscopex 400 magnification Pink coloured (big patch like) a
nucleus of Cac@- cells and small rod shay structuregpresent on the monolayer ¢
adhered lactobacilli cell(e) L. delbrueckiiNAST-BHL138, (f)L. delbruecki NAST-
BHL152 (g),L. paracase NAST-GHMS5, (h)L. paracaseNAST-GHM?24.

average number of bacterial cells adhered equdl-2. This includes fivesolates of
L. delbrueckij one isolate oL. plantarum one isolate of.. parabuchnel and one
isolate ofL. fermentur. In contrast, seven strains were found to be gtiamthesive
with Log10 average number of bacterial cells adthecuals to -3. This includes twt
isolates ofL. fermentur and one isolate df. brevis, L. delbrueckii, L. parabuchne
L. helveticusandL. harbinensi. Lactobacillus brevisvas found to be the strongt
adhesive followed biL. helveticuswith Logl0 average number of bacterial ¢

adhered equals to 2.9 and 2.6 respecti
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Figure 4.32.Adhesion to Cac-2 cells monolayer, as observedh Giemsa staining
under light microscopex 400 magnification Pink coloured (big patch like) a
nucleus of Cac@- cells and small rod shayf structuregpresent on the monolayer ¢
adhered lactobacilli cells(i) L. paracaseiNAST-RHM82, (j) L. paracaseiNAST-
RHMB84, (k)L. paracase NAST-LHL132, (I)L. paracaseNAST-LHL133.

The strains adhered and colonized to the gaststing tract may enhance t
capacity to stimulate the immune system and heatlimaged intestinal tissue, so
adheson of strains to the intestinal mucosa was coneléo be one of the ma
selection criteria for a probiotic microorganismtiwhealth beneficial effects. O
results showed that the organisms could be potgurtidiotic based on the adhesi
result (Dmitrov et al., 2014
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Figure 4.33.Adhesion to Cac-2 cells monolayer, as observed with Giemsa stai
under light microscopex 400 magnification Pink coloured (big patch like) a
nucleus of Cac@- cells and small rod shayf structuregpresent on the monolayer ¢
adhered lactobacilli cell((m) L. parabuchneriNAST-GHM31, @) L. parabuchneri
NAST-BHL58, (o)L. rhamnosu NAST-BHLSG6, (p)L. rhamnosutNAST-GHM25.

141



CHAPTER 4: Results and Discussi

Figure 4.34.Adhesion to Cac-2 cells monolayer, as observed with Giemsa stai
under light microscopex 400 magnificatiopn Pink coloured (big patch like) a
nucleus of Cac@- cells and small rod shay structuregpresent on the monolayer ¢
adhered lactobacillcells: () L. brevis NAST-RHM92, (r)L. plantarum NAST-
RHMO93, (s)L. helveticu NAST-RHL103, (t)L. harbinensidNAST-RHL95.

142



CHAPTER 4: Results and Discussi

Figure 4.35.Adhesion to Cac-2 cells monolayer, as observed with Giemsa stai
under light microscopex 400 magnification Pink coloured (big patch like) a
nucleus of Cac@- cells and small rod shay structuregpresent on the monolayer ¢
adhered lactobacilli cells(u) L. fermentumNAST-GHM2, (v)L. fermentur NAST-
RHL98, (w)L. fermentur NAST-BHL162, (X)L. coryniformisNAST-RHM 94.

4.1.2.3.Antimicrobial activity

The result showed thanly few isolates showed inhibition to enteric pajeos. The
inhibition shownby L. dellbrueck subsp.bulgaricus NAST-RHL101 againstS.
pyogenes, P. aeruginc andS. aureusvas notable. While other inhibition posed
by L. plantarumNAST-RHM93 (againsi.. monocytogeneandS. enteric) andL.
rhamnosusNAST-GHM25 (againstP. aeruginosa were shown to beweak. The

details of the result obtained for antimicrobialessing is shown below (Table 4.1
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Table 4.12.Preliminary screening for antimicrobial activity.

Lactobacillusspecies

Test pathogens

L.
monocytogene

S.
senterica

E.
coli
VE

S.
pyogenes

P.
aeruginosa

S.
aureus

coryniformisNAST-RHM 94

. plantarumNAST-RHM93

. brevisNAST-RHM92

. delbrueckiiNAST-BHL138

. delbrueckiiNAST-BHL152

. delbrueckiiNAST-LHL128

. delbrueckiiNAST-RHL101

. delbrueckiiNAST-RHL74

. delbrueckiiNAST-RHLS87

. fermentunNAST-BHL162

. fermentunNAST-GHM2

. harbinensifNAST-RHL95

. helveticulNAST-RHL103

. helveticuNAST-RHL103

. parabuchnerNAST-BHL58

. parabuchnerNAST-GHM31

. paracaseNAST-GHM24

. paracaseNAST-GHM5

. paracaseNAST-LHL132

. paracaseNAST-LHL133

. paracaseNAST-RHM82

. paracaseNAST-RHM84

. ThamnosuNAST-BHL6

. rhamnosuNAST-BHL25

. plantarumPAC 1.0

. plantarum PAC1.10

. plantarum WHE92

Note: + and — in the result table represents positive @egative for inhibiting pathogens

respectively.

4.1.2.4. Antibiotic resistance test

Twenty four lactobacilli isolates were investigatéor antibiotics resistant test

according to EFSA guidelines. The antibiotics tésteere; a) inhibitors of cell wall

synthesis, b) inhibitors of protein synthesis ahthhibitors of nucleic acid synthesis.

Of the 24, four bacterial isolates were found tocbenpletely safeviz. L. helveticus
NAST103,L. paracaseiNAST82,L. fermentunNAST2 andL. coryniformisNAST
94 based on EFSA guideline. And sensitivity restatslifferent antibiotics varied for

rest of the lactic isolates (Table 4.13).
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Table 4.13.Antibiotic susceptibility profiling folLactobacillusstrains.

Minimum Inhibitory Concentration (MIC) pgmt) of antibiotics

o

< £ c £ £ = ® 2

Lactic culture used for antibiotic é é é S g g é ] 2
assay = S} 5] £ i) o S ) g

g || g | £ | &5 | £ T | £ |8

< S 3 N 5 > = © S

()] L O = c

(@)
Lactobacillus paracaseNAST- <4 B <64 <64 B <1 <2 <8 <16
GHM5 (<2) (<32) | (<64) (<1) (<1) (<4) | (<4
Lactobacillus paracaseNAST- <2 n <32 <128 u <1 <1 <8 <8
GHM24 (<2) (<32) | (<64) (<1) (<1) (<4) (<4)
Lactobacillus paracaseNAST- <2 u <32 <64 B <0.5 <1 <4 <4
RHM82 (<2) (<32) | (<64) (<1) (<1) (<4) (<4)
Lactobacillus paracaseNAST- <2 m <32 <64 B <1 <1 <4 <8
RHM84 (<2) (<32) | (<64) (<1) (<1) (<4) (<4)
Lactobacillus paracaseNlAST- <4 m <4 <256 B <4 <4 <8 <16
LHL132 (<2) (<32) | (<64) (<1) (<1) (<4) | (=4)
Lactobacillus paracase\lAST- <2 n <8 <64 B <1 <1 <8 <8
LHL133 (<2) (<32) | (<64) (<1) (<1) (<4) | (=4)
Lactobacillus rhamnosudAST- <2 m <8 <128 <32 <1 <1 <8 <16
BHL6 (<4) (<16) | (<64) | (<32) (<1) (<1) (<8) (<4)
Lactobacillus rhamnosudAST- <4 m <16 <128 <32 <1 <1 <8 <16
BHL25 (<4) (<16) | (<64) | (<32) (<1) (<1) (<8) (<4)
Lactobacillus delbrueckiNAST- <0.5 >8 <16 >64 <32 <0.25 <0.5 <16 <8
RHL74 (1) | (=2) | (<16) | (<16) | (<16) (<1) (<1) (<4) | (<4)
Lactobacillus delbrueckiNAST- <1 <0.5 <8 <32 <8 <0.125 | <0.125 <4 <4
RHL87 (<1) (<2) | (<16) | (<16) | (<16) (<1) (<1) (<4) (<4)
Lactobacillus delbrueckiNAST- <0.125 | <0.5 <4 <32 <4 <0.125 | <0.125 <2 <4
RHL101 (<1) (<2) | (<16) | (<16) | (<16) (<1) (<1) (<4) | 4
Lactobacillus delbrueckiNAST- <1 <1 <16 <32 <16 <0.125 | <0.125 <2 <4
LHL128 (1) | (=2) | (<16) | (<16) | (<16) (<1) (<1) (<4) | (<4)
Lactobacillus delbrueckiNAST- <0.5 >8 <4 <64 <16 <0.125 | <0.125 <4 <4
BHL138 (<1) (<2) | (<16) | (<16) | (<16) (<1) (<1) (<4) (<4)
Lactobacillus delbrueckiNAST- <0.125 | <0.5 <16 <32 <16 <0.125 <1 <4 <4
BHL152 (<1) (<2) | (<16) | (<16) | (<16) (<1) (<1) (<4) (<4)
Lactobacillus fermentumAST- <0.5 mn <4 <8 <32 <0.125 | <0.125 <8 <4
GHML2 (<1) (<16) | (<32) | (<64) (<1) (<1) (<8) (<4)
Lactobacillus fermentumNAST- <1 m <64 >128 | <256 <1 <1 <16 <4
RHL98 (<1) (<16) | (<32) | (<64) (<1) (<1) (<8) (<4)
Lactobacillus fermentumNAST- <2 m >128 | <128 <64 <0.125 | <0.125 <8 <4
BHL162 (<1) (<16) | (<32) | (<64) (<1) (<1) (<8) (<4)
Lactobacillus parabuchneri <4 n <32 <32 <128 <2 <2 <32 <8
NAST-GHM31 (<2) (<16) | (<16) | (<64) (<1) (<1) (<8) (<4)
Lactobacillus parabuchneri <4 oY <32 <32 <128 <2 <2 <32 <8
NAST-BHL58 (<2) (<16) | (<16) | (<64) (<1) (<1) (<8) (<4)
Lactobacillus helviticulNAST- <1 <0.5 <4 <16 <4 <0.5 <0.25 <2 <4
RHL103 (<1) (<2) | (<16) | (<16) | (<16) (<1) (<1) (<4) (<4)
Lactobacillus brevi?NAST- <8 n >128 >128 <256 >4 >4 <32 <16
RHM92 (<2) (<16) | (<16) | (<64) (<1) (<1) (<8) | (<4)
Lactobacillus corniformisNAST- <4 m <4 <64 <64 <0.25 <0.25 <8 <4
RHM94 (<4) (<16) | (<64) | (<64) (<1) (<1) (<8) (<4)
Lactobacillu harbinensi®lAST- <8 m <64 <64 <256 <1 <0.5 <8 <8
RHL95 (<4) (<16) | (<64) | (<64) (<1) (<1) (<8) (<4)
Lactobacillus plantarunNAST- <2 n <8 <32 B <0.25 <0.5 <128 <8
RHM93 (<2) (<16) | (<64) (<1) (<1) (<32) | (<8)

Note: Highlighted readings in every cells of table iratee the EFSA standard guideline of the
minimum inhibitory concentration of the antibiotioncentrations, nr represents not required.
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Five isolates of.. paracasewere found to be susceptible to Kanamycin (EFitli
<64 ugmL?) exceptL. paracaseiNAST24 while five isolates of. paracaseiwere
found to be resistant to Chloramphenicol (EFSA tim#4 pgmL?) except L.
paracaseiNAST82. In addition,L. paracaseiNASTS5 andL. paracaseiNAST132
showed resistance to Ampicillin (EFSA limit <2 pgriL All otherL. paracaseivere
found to be sensitive towards rest of the antib®tBoth the isolates &f rhamnosus
tested were resistant to Kanamycin (EFSA limit €6#mL-") and Chloramphenicol
(EFSA limit <4 pgmL?) while both theL. rhamnosusstrains were sensitive to all

other antibiotics based on EFSA guidelines.

Among six isolates ot. dellbrueckij five isoaltes were found to be sensitive to
Ampicillin (EFSA limit <1 ugmL?), four isolates were sensitive to Vancomycin
(EFSA limit <2 ugmL?) and all the isolates were sensitive to Gentamyfire
isolates were resistant to Kanamycin (EFSA limi6gigmL?), five isolates were
sensitive to Streptomycin (EFSA limit <16 pgm),-all the isolates were sensitive to
Erythromycin (EFSA limit <1 pgmL), five isolates were sensitive to Tetracycline
(EFSA limit <4 pgmL?) and Chloramphenicol (EFSA limit <4 pgn).-

One isolate ofL. fermentumNAST2 was sensitive to all the antibiotics whileot
other isolates were resistant to Gentamycin, Kamramy Streptomycin and
Tetracycline. Both the isolates &f parabuchneriwere resistant to Gentamycin
(EFSA limit <16 pgmL?), Kanamycin (EFSA limit <16 pgmt), Streptomycin
(EFSA limit <64 pgmLY), Erythromyin (EFSA limit <1 pugmt), Clindamycin
(EFSA limit <1 pgmLY), Tetracycline (EFSA limit <8 pgmt) and sensitive to
Ampicillin (EFSA limit <2 pgmL?) & Chloramphenicol (EFSA limit <2 pgmt). L.
brevis NAST92 was resistant to all nine antibiotics tdste harbinensisNAST95
was sensitive to Erythromycin (EFSA limit <1 ugmLand Clindamycin (EFSA limit
<1 ugmL?y). L. plantarumNAST93 was sensitive to all eight antibiotics éesexcept
Tetracycline (EFSA limit <32 pgmt) which was found to be resistant.
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4.1.3. Preparation of Probiotic Curd Oahi) and SweetCurd (Dahi) using novel
lactic cultures (Lactobacillus paracasei NAST-RHM82 and Lactobacillus
helveticus NAST-RHL103) having probiotic properties.

4.1.3.1. Partial purification of antimicrobial subgance from indigenous lactic

cultures

4.1.3.1.1. Preliminary screening for bacteriostaticactivity from CFSs derived
from MRS culture broth

Out of six strains (cultured in MRS broth) testélakee strainsviz. L. rhamnosus
NAST-GHM25, L. paracasei NAST-RHM82 andL. helveticus NAST-RHL103
showed antibacterial activity against all four fdmatne pathogens considered for this
study (Table 4.14 and Figure 4.36). Lactic acigtanious combinationgiz. 1% LA in
distilled water, 1% LA in phosphate buffer (PB) pHand 10uL LA in 100 mL
distilled water did not show any inhibition withetiindication that the inhibition is not
due to acidity of the cell CFSs.

Table 4.14.Preliminary screening of cell free supernatants§Fderived from MRS broth

culture (Bacteriostatic assay).

Negative control used and cell free Zone of Inhibition against the indicator straingifn

supernatant of lactic isolate

B. cereus E.coli L.monocytogenes S. aureus

1% LA in DW (pH 2.48) - - : 5
1% LA in PB-pH7 (pH 4.18) - - ; _

10ul LA in 100 ml DW (pH 3.2) - - - -

MRS Media (pH 6.8) - - - -

L. fermentumNAST-GHM2 - - - -

L. rhamnosuNAST-GHM25 16+0.26 17+0.18 16.5%0.25 15+0.32
L. delbreuckiNAST-RHL74 - - - -

L. paracaseNAST-RHM82 15+0.13 15+0.31 16+0.27 13+0.56
L. delbreuckiiNAST-RHL101 - - - -

L. helveticulNAST-RHL103 19+0.15 18+0.41 20.5+0.29 16+0.16

Note: mm = millimeter PB = phosphate buffer and DW stitlied water
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L. helveticudNAST-RHL103 showed the highest zone of inhibition (Z@djainst al
the pathogens as compared to other two lactic mgtuAmong the inhibition:
inhibition againstL. monocytogen: was highest (20.5 mm) followed by the sg
strain againsB. cereu (19 mm),E. coli (18 mm) and5. aureug16 mm). Subseque
to L. helveticusNAST-RHL103, L. rhamnosusNAST-GHM25 showed highe:
inhibition againstE. coli (17 mm) followed byL. monocytogen: (16.5 mm),B.
cereus(16 mm) ands. aureu (15 mm). FinallyL. paracaseNAST-RHM82 showed
highest dilution againsL. monocytogene§l6 mm) followed by the same stre
againstB. cereug15 mm),E. coli (15 mm) ands. aureug13 mm)

Figure 4.36. Preliminary screening by plate assay (bacteriastassay) of cell fre
supernatants (CFSs) derived from MRS broth culiLawn of pathoges in different plates:
A) B. cereusB) E. coli, C) L. monocytogene®) S. aureusin the well of all plate (A, B, (
& D), well numberindicates: 1) 1% Lactic acid (LA) in distilled wat@H 2.48), 2) 1% L/
in Phosphate Buffer (PB) pH 7 (pH 4.18), 3) 10 pA in distilled water (pH 3.2) and -
MRS broth (pH 6.8) as negative controind well no. 5) CFSs of. helveticusNAST-

RHL1036) CFSs ofL. paracaseiNAST-RHM82 and 7) CFSs of. rhamnosusNAST-

GHM25.

148



CHAPTER 4: Results and Discussi

4.1.3.1.1 Preliminary screening for bactericidal activity from CFSs derived from
MRS culture broth in plate and broth

All the three culturesiz. L. helveticudNAST-RHL103,L. paracaseNAST-RHM82
andL. rhamnosuNAST-GHM25 showed bactericidal acti@gainsiB. cereugTable
4.15 and Figure 4.37L. helveticusNAST-RHL103 showed highest inhibition (.
mm) followed byL. paracaseiNAST-RHM82 (18 mm) and.. rhamnosusNAST-
GHM25 (17 mm). These zones of inhibition shown Bytaee lactic cultures again
B. cereusare relatively higher than the zone of inhibitionbacteristatic experime

(asmentioned earlier,

Figure 4.37.A) Lawn of B. cereusand B) Bactericidal Plate assay of cell free sugkamts
(CFSs) derived from culture br¢, well number 1) CFSs df. rhamnosuNAST-GHM25 2)
L. paracaseNAST-RHM82 and 3L. helveticusNAST-RHL103.

Figure 4.38. Bactericidal assay irBHI broth: B. cereuscells treated with cell fre
supernatants (CFSs): &) L. rhamnosu$NAST-GHM25 B) L. paracaseNAST-RHM82, C)
L. helveticulNAST-RHL and D) positive control (growth of pathogen ev&d by turbidity.
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Likewise, the bactericidal assay performed in Blitb showed that there was no
growth of the pathogens in the broth culture tuiberd2 hours of incubation in room
temperature (Figure 4.38). The indicator organisionsed its growth in the negative
control (without CFSs; turbidity observed by nal@a) in the broth while indicator
strains did not show growth in the test (with amtmobial agent; no turbidity

observed by naked eye).

Table 4.15.Plate assay of cell free supernatants (CFSs) defieen MRS culture broth

(Bactericidal assay) agairdt cereus

Zone of Inhibition ( mm)
CFSs derived from lactic isolates
(againstB. cereu¥

L. rhamnosuNAST-GHM 25 17+0.41
L. paracaseNAST-RHM82 18+0.36
L. helveticuNAST-RHL103 24+0.52

4.1.3.1.2. Antibacterial properties of cell free spernatants (CFSs) derived from

skimmed milk culture broth and concentration usingvarious solvents

CFSs of two isolatewiz. L. paracaseiNAST-RHM82 andL. helveticusNAST-
RHL103 cultured in skimmed milk broth were usedependently. The ten times
concentrated CFSs showed zone of inhibition (Z@Bimst four different pathogens
in the plate assay (Table 4.16 and Figure 4.39¢ Zdne of inhibition of ten times
concentrated CFSs a&f helveticusNAST-RHL103 was found to be notably higher
thanL. paracaseNAST-RHMS82 against all the indicator pathogeni@asts. CFSs of

L. paracaseiNAST-RHM82 showed highest inhibition agairtst coli (16.5 mm)
followed by the same strains agaihstmonocytogenefl6 mm),S. aureug15 mm)
and B. cereus(14 mm). CFSs ofL. helveticusNAST-RHL103 showed highest
inhibition against.. monocytogene@5.5 mm) followed by the same strains against

E. coli(25 mm),S. aureug25 mm) and. cereug24 mm).

Methanol concentrate of CFSs (derived from skimmatk culture broth) ofL.

paracaseiNAST-RHM82 andL. helveticudNAST-RHL103 showed relatively higher
ZOl than CFSs derived from skimmed milk concentratminst all the indicator
strains (Table 4.16 and Figure 4.39). The methaoicentrate ofL. helveticus
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NAST-RHL103 showed higher inhibition thdn paracaseiNAST-RHM82 against
all the indicator strains. The methanol concentaité. helveticusNAST-RHL103
showed highest inhibition againSt aureug31.5 mm) followed by the same strain
againstL. monocytogenef29.5 mm),E. coli (29 mm) andB. cereus(27.5 mm).
Similarly, methanol concentrate df. paracaseiNAST-RHM82 showed highest
inhibition against.. monocytogene@1 mm) followed by the same strain agaiBst

coli (18 mm),B. cereug17 mm) ands. aureug16 mm).

Table 4.16.Plate assay for antimicrobial activity of skimmedkmnmethanol & methanol-
acetone concentrate bf paracaseNAST-RHM82 andL. helveticudNAST-RHL103 against

food borne pathogens.

CFSs of lactic culture and its
derivative concentrates in
different solvents

Zone of Inhibition against the indicator straingnim

B. cereus E. coli L. monocytogenes S. aureus

Skimmed Milk concentrate

L. paracaseNAST-RHM82 14+0.32 16.5+0.54 16+0.60 15+0.43
L. helveticusNAST-RHL103 24+0.42 25+0.37 25.5+0.18 25+0.25
Methanol concentrate

L. paracaseNAST-RHM82 17+0.23 18+0.18 21+0.35 16+0.52
L. helveticulNAST-RHL103 27.5+0.25 29+0.23 29.5+0.49 31.5+0.29
Methanol-acetone concentrate

L. paracaseNAST-RHM82 19+0.44 19.5+0.32 22+0.17 19+0.50
L. helveticuNAST-RHL103 29+0.72 30+0.25 32+0.32 34+0.52

The zone of inhibition against all the indicatothmayen strains by methanol-acetone

concentrate was found higher as compared to themns&d milk concentrate and

methanol concentrate of lactic isolates used. Tme of inhibition exhibited by using

methanol-acetone concentrate was considerably hifgtreL. helveticusNAST-
RHL103 for withL. paracaseiNAST-RHM82 against all the indicator strains used.

Methanol-acetone concentrates bf paracasei NAST-RHM82 showed highest

inhibition against.. monocytogene@2 mm) followed by the same strain agaiBst

coli (19.5 mm),B. cereus(19 mm) andS. aureus(19 mm). Similarly, Methanol-

acetone concentrates &f helveticusNAST-RHL103 showed highest inhibition
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againstS. aureug34 mm) followed by the same strain agaiL. monocytogen: (32
mm), E. coli (30 mm) ancB. cereug29 mm) (Table 4.16).

Figure 4.39.Plate assay for antimicrobial activity of skimmedkmnmethanol & methan«-
acetone concentrate :0fA) L. helveticusNAST-RHL103 and (B)L. paracase NAST-
RHM82 against food borne pathogens. In both théepB. cereuslawn was inhibited b
respective concentrates, the wells in both caggesents(1) Skim milk concentrate (10X
(2) Acetone, (3Methano-acetone concentrate, (Methanol acetone sedime(5) Methanol
concentrate, (BYlethanol,(7) 1% lactic acid in D/W (pH 2.48).

Table 4.17.Protein estimation of CFSs and solvent ext.

Bradford protein assay forgtein content in variou

Lactic culture used to obtain C concentrates aifferent step of purificatiol

-1
free supernatants (CFSs) frc (LgmL")

skimmed milk broth for antimicrobi: Skim milk Methanol Methanol-

assay acetone
concentrate concentrat
concentrate

L. paracaseNAST-RHM82 818+4.5 397+3.9 331+4.5
L. helveticudNAST-RHL103 853+6.5 631+4.2 489+3.8

The protein content in CFSs concentrate deriveth feslkimmed milk culture brott
methanol concentrate and the meth-acetone concentrate was found to be
decreasing order respectively (Table 4.17). Théepiacontent oL. helvetiu NAST-
RHL103 was fand to be higher thalL. paracaseiNAST-RHM82 the respectiv
extracts.The protein level of the skimmed milk concentrategsthanol concentra
and methano&cetone concentrate derived frcL. paracaseiNAST-RHM82 was
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found to be 818, 397 and 331ug/mL respectively.il8ryg the protein level of the
skimmed milk concentrate, methanol concentrate rmpthanol-acetone concentrate
derived fromL. helveticusNAST-RHL103 was found to be 853, 631, 489 ug/mL
respectively.

4.1.3.1.3. Determination of Arbitrary Unit mL™* (AUmL ™)

In terms of antibacterial activity in arbitrary tmer mL (AUmL?), only the CFSs
and its concentrates (methanol and methanol-acetdnacts) oL. helveticuNAST-

RHL103 showed the remarkable zone of inhibitionirgfaall of the four indicator
strains (active cell number of each indicator ssaised was 2x2@FU/mL) (Table
4.18) while CFSs and its concentrates (methanolnagithanol-acetone extracts)lof
paracaseiNAST-RHM82 did not exhibit potential antibacteriattivity against all

four indicator strains under study.

Table 4.18.Arbitrary unit per mL of various concentrate dedvieom L. helveticusNAST-
RHL103 against various food borne pathogens. A 100of each concentrate was used

against 2x1DCFU/mL every test pathogens.

Activity Profile [AU mL™]

Test Pathogen Skimmed Milk Methanol Methanol-Acetone
concentrate concentrate concentrate
B. cereus 252+2.30 425+3.24 440+4.00
E. coli 275+2.50 420+2.18 470+2.45
L. monocytogenes 287+1.75 325+2.80 350+2.50
S. aureus 327+2.16 445+3.55 470+3.40

Skimmed milk concentrate showed its highest agti@gainstS. aureug327 AU mL

1) followed by the same againist monocytogene&87 AU mL?Y), E. coli (275 AU
mL™) and B. cereus(252 AU mL?). Similarly methanol concentrate showed its
highest activity againss. aureus(445 AUmL?") followed by the same againBt
cereus(425 AUML?Y), E. coli (420 AUmML?) andL. monocytogene&325 AUmL?Y).
Likewise, Methanol-acetone concentrate showed ighdst activity againsg. coli
(470 AUmL?Y) andS. aureug470 AUmL?) followed by the same againBt cereus
(440 A mLY) andL. monocytogene@50 AU mL™).
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4.1.3.1.4. Determination of minimum inhibitory con@ntration (MIC)

Minimum inhibitory concentration in AUmL estimated forL. helveticusNAST-
RHL103 was found different for different concentimtagainst all indicator strains
(Table 4.19).

Table 4.19.Minimum inhibitory concentration (MIC) of variou®ocentrate derived froin.
helveticus NAST-RHL103 against various food borne pathogefAs.100 pL of each

concentrate was used against 2XTBU/mL every test pathogen.

MIC in AUmL™ in phases of partial purification

Test Pathogen Skimmed Milk Methanol Methanol-Acetone
concentrate extract Extract

B. cereus 205£3.00 217+2.18 220+2.85

E. coli 210+£2.20 215+2.80 215+2.72

L. monocytogenes 225+2.5 240+1.80 250+2.60

S. aureus 285+2.50 285%2.35 290+2.60

The MIC value in AUmL* of skimmed milk concentrate agair&taureug285) was
found to be highest followed by the same againsinonocytogenef25), E. coli
(210) andB. cereus(205). Similarly, the MIC value in AUmt of methanol
concentrate was found to be highest agatisaureus(285) followed by the same
against.. monocytogene40),B. cereug217) ancE. coli (215). Likewise, the MIC
value in AUmL? of the methanol-acetone concentrate was foune taighest against
S. aureug290) followed by the same agailhstmonocytogene@50),B. cereug220)
andE. coli (215).

4.1.3.1.5. Scanning Electron microscopy for pathogs treated with methanol-

acetone extract

The four pathogenic strains (2X10FU/mL) treated overnight with methanol-acetone
extract (1:1 dilution) derived fronh. paracaseiNAST-RHM82 andL. helveticus
NAST-RHL103 did not grow i.e. the turbidity in thebe was not seen indicating that
the pathogens were killed by the methanol-acetodme from respective lactic
cultures used. In addition, the morphological appeee via scanning electron

microscopy showed that the cells were damageduneih as compared with the
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Figure 4.40.Scanning electron microscopy (40 x® magnification): 1)B. cereusll) E. coli,

[l) L. monocytogenedV) S. aureusand in the row: A) pathogens treated with meth-
acetone concentrate of paracase NAST-RHM82, B) untreated pathogens, C) pathoc
treated with methanaeetone concentrate L. helveticudNAST-RHL103

untreated cells (Figure 4.40). The intensit the damage or injury was more in Ci
of pathogens treated with methe-acetone extract df. helveticu NAST-RHL103
thanL. paracaseiNAST-RHM82. Besides, cell injury the cells were foundhtave
unusual morphological appearance like the rougle extghe cells, clumping of th
cells, or holes in the cells. This results suppbe previous findings regardir
antimicrobial activity mentioned in earlier secti
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4.1.3.2. Product development using Lactobacillus helveticus NAST-RHL103 and
Lactobacillus paracasei NAST-RHM82

4.1.3.2.1. Preparation and characterization of Probiotic Curd (Dahi)

Figure 4.41. Probiotic Curd (Dahi) prepared by using (A) L. paracasei NAST-RHMS82 and
(B) L. helveticus NAST-RHL103.

Probiotic Curd was prepared using two lactic cultures Lactobacillus helveticus NAST-
RHL103 and Lactobacillus paracasei NAST-RHMS?2 separately (Figure 4.41). The
analysis of the products including microbiological and chemical properties is given in

following section.
4.1.3.2.1.a. Microbiological and chemical properties

At first, the preparation method was optimized for inoculum size, setting (incubation)
time, pH, titratable acidity, viable count and others. The optimized condition (only
optimized data shown here) were found to be varied for the two lactic cultures (Table
4.20) particularly the setting time for curdling differed a lot in between these two
cultures. One percent of inocolum at 37 °C for 30 hours formed a good quality curd

using L. paracasei NAST-RHMS2 with titratable acidity = 0.792 %, pH = 4.72 and
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viable count Logl0 CFU/mL = 13.14 while one percehtnoculum at 37 °C for 8
hours formed a good quality of curd usihg helveticusNAST-RHL103 with
titratable acidity = 0.720%, pH = 4.52 and viabteict Log10 CFU/mL = 16.02.

Table 4.20.Chemical and microbiological properties of Prolmaturd Dahi) prepared using
L. paracaseNAST-RHM82 and_. helveticulNAST-RHL103.

Inoculum

L actic culture Sz Temp Time Tltrgtgble Viable count
used . pH acidity Logl0
(%) (G (hn) (%) CFU/mL
L. paracasei
NAST-RHMS?2 1 37 30 4.724+0.02 0.792+0.003  13.14+0.18
L. helveticus
1 37 8  4.52+0.03 0.720+£0.005 16.02+0.24

NAST-RHL103

The curdproduced with optimized conditions (Table 4.20) vedso analyzed for
likely changes during storage in refrigerator. FHuis, the parameters such as pH,
titratable acidity and viable count were consider®dme minor changes in pH and
tritratable acidity were noted but the viable cowemained nearly same. A little
decrement in pH was found while titratable acidvigs increased slightly. The pH and
titratable acidity remained within the acceptabimits (Table 4.21). The curd
produced usind.. paracaseiNAST-RHM82 showed some decrement in pH from
4.72 to 4.60 while titratable acidity increasedylstiy from 0.729 to 0.92 % in 12
hours of storage time in the refrigerator. Simyarthe curdproduced using..
helveticusNAST-RHL103 showed some decrement in pH from 4&%2.30 while
titratable acidity increased slightly from 0.7201®8 % in 12 hours of storage time
in the refrigerator. The viable count of the redpeclactic cultures nearly remained
same during the storage time. The changes in betltdses were expected and up to
the acceptable limits. The curd prepared with opth conditions was used for fat
extraction and fatty acid profiling using gas chetagraphy. The percentage of fat
was estimated for both cultures and was found 10.8@4:0.015% and 0.6910.012%6

for L. paracaseiNAST-RHMS82 andL. helveticusNAST-RHL103 respectively. The
fatty acid composition and their chromatogram pmege the probiotic curd prepared
from two lactic cultures and a commercial curd ndm&ommercial curd’ is
presented in Table 4.22 and Figure 4.42, 4.43 adtl Zhe peaks (peak no. 1-25) in
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Table 4.21.Changes in chemical and microbiological propedigisng storage in refrigerator
of Probiotic Curd Dahi) prepared by using. paracaseiNAST-RHM82 andL. helveticus
NAST-RHL103.

changes during storage in refrigerator after pcodu Viable

Lactic culture used formation count
for curd preparation pH Titratable acidity Logl0
Oh 3h 6h 12h Oh 3h 6h 12 hCFU/mL
Lb. paracasei 472 4.65 4.60 458 0.792 0.828 0.900 0.92 13.14+0.18
NAST-RHM82

+0.0 0.0 0.0 *0.0 +0.01 0.0 #0.0 =*0.0 (0 h)
01 02 01 01 0 12 10 13

Lb. helveticuNAST- 4.52 440 4.33 430 0.720 0.792 0.936 1.08 16.02+0.24

RHL103
+0.0 0.0 0.0 *0.0 +0.01 0.0 +0.0 =*0.0 (0 h)

02 03 01 02 2 11 10 14

in the chromatogram (Figure 4.42) obtained from ga®matography represents the
fatty acids found in the curd prepared usingaracaseiNAST-RHM82. The details
of the peaks and their corresponding retention ticaebon atom and respective fatty
acids are listed in (Table 4.22). Fourteen diffefatty acids were found in thdahi
sample. Similarly, the peaks (peak no. 1-27) in ¢theomatogram (Figure 4.43)
obtained from gas chromatography represents thg &atids found in the curd
prepared using.. helveticusNAST-RHL103. The details of the peaks and their
corresponding retention time, carbon atom and w#seefatty acids are listed in
Table 4.22. Fourteen different fatty acids werenfbun this curdssample. Unlike the
experimental curéamples, the control showed one additional fattgt siz. butyric
acid. The peaks (peak no. 1-25) in the chromatogfagure 4.44) represent the fatty

acids found in commercial curd (Mysore, India) (IEa.22).
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Figure 4.42. Chromatogram: Fatty acid profiling of Probiotic duprepared usingd..
paracaseiNAST-RHM82 by gas chromatography (GC).
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Figure 4.43. Chromatogram: Fatty acid profiling of Probiotic duprepared using..
helveticuNAST-RHL103 by gas chromatography (GC).
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Table 4.22.Qualitative analysis of fatty acid by Gas Chromatography indigenougpepedred from two lactic cultures.

FA profiling form curd prepared from L. paracasei

FA profiling form curd prepared from

FA profiling form commercially

NAST-RHM82 L. helveticus NAST-RHL103 - .
Chromatogram available Commercial curd
Peak

Ret. time Carbon atom Fatty acid Ret. time Carbon tom Fatty acid Ret. time Carbon atom Fatty acid
1 3.7 6.0 Caproic 3.7 6.0 Caproic 2.6 4 Butyric
2 4.2 Caprylic 6.0 8.0 Caprylic 3.7 6.0 Caproic
3 5.9 8 Capric 9.1 10 Capric 6.0 8.0 Caprylic
4 9.1 10 Lauric 12.6 12 Lauric 9.2 10.0 Capric
5 12.6 12 Myristic 15.9 14 Myristic 12.6 12.0 Lauric
6 15.8 14 16.6 15.9 14.0 Myristic
7 16.6 16.8 14-1 Myristoeic 16.7
8 16.8 14-1 Myristoeic 16.9 16.9 14-1 Myristoeic
9 16.9 174 15 Pentadecenoic 16.9
10 17.3 15 Pentadecenoic 18.1 17.4 15.0 Pentadecenoic
11 18.1 18.9 16 Palmitic 18.2
12 18.9 16 Palmitic 19.4 18.9 16.0 Palmitic
13 19.6 16-1 Palmitoleic 19.5 19.6 16-1 Palmitoleic
14 19.8 19.6 16-1 Palmitoleic 19.9
15 20.0 19.8 20.3 17.0 Heptadecenoic
16 20.2 17 Heptadecenoic 20.0 21.0
17 20.9 20.2 17 Heptadecenoic 21.7 18.0 Stearic
18 21.6 18 Stearic 20.9 22.1 18-1t 18-1 trans
19 22.1 18-1t 21.7 18 Stearic 22.2 18-1t 18-1 trans
20 22.2 18-1c Oleic 22.3 18-1 Oleic 22.3 18-1 Oleic
21 22.6 22.7 22.4
22 23.3 18-2 Linoleic 23.1 22.7
23 24.5 23.3 18-2 Linoleic 234 18-2 Linoleic
24 24.8 23.6 24.6
25 25.3 22 Behenic 24.5 25.4
26 24.9
27 25.3 22 Behenic
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Figure 4.44.Chromatogram: Fatty acid profiling of commerciadlyailable Commercial curd

by gas chromatography (GC).
4.1.3.2.1.b. Organoleptic properties (Sensory prding)

The results of sensory analysis, indicated thatlGamples A (prepared by usihg
paracaseiNAST-RHM82) and B (prepared by usihg helveticusNAST-RHL103)
had slightly lower intensity of whiteness value @ared to sample C (locally
available commercial curd, Mysore, India) (Figuré5), which was further reflected
in instrumental colour measurement of Lightnessi&dl) showing higher lightness
value for sample C (88.70). The instrumental colme@asurement showed 87.71 and
87.80 lightness value for sample A and B respelstivEhere were no significant
differences between sample-A and sample-B for sdt far mouth feel properties
such as creaminess and smoothness. However sampdes Gf loose set. Samples B
and C had less creamy aroma and milky note compgaredmple A. Sample A had
less score for fermented aroma (5) and sournes&®eéults showed that all the three
curd samples are acceptable, however, sample-Ahiggdr acceptance indicating a
score of 12 for overall quality compared to otremngles.
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—4—Sample A
Whiteness —Sample B
= Sample C
Sourness Creaminess
Fermented Smoothness

Creamy Milky

Figure 4.45.Sensory Profile of Probiotic CuiBample: A)L. paracaseiNAST-RHM82, B)
L. helveticudNAST-RHL103 and C) Commercial curd (Mysore, India)

4.1.3.2.1.c. Preprocessing contaminant: Effect ofrébiotic Curd towards selected

food borne pathogens

To understand the antagonistic effect of probiotierd @dahi), preprocessing
contaminant effect study was performed. The stdaigic culture and the indicator
pathogenic strains (four indicator strains inocedatseparately) were inoculated
simultaneously and incubated for curding time. Tigal inoculums count of each
pathogen was 2xf0CFU/mL, which was slightly decreased in both thases (two
lactic culture product separately with each indicattrains) (Table 4.23). In the
product withL. paracaseiNAST-RHMS82, the preprocessing contamindht coli
(Logl0 CFU/mL = 4.96) was found to be highest fakal by B. cereus(Logl0
CFU/mL = 4.11),S. aureugLogl0 CFU/mL = 4.14) antd. monocytogened.og10
CFU/mL = 4.12) whereas the lactic culture countamms of Logl0 CFU/mL was
found between 12.38 and 13.06. On the contrary,ptle@rocessing contaminants
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number was decreased more in the product withelveticuNAST-RHL103. In this
product,E. coli (Logl0 CFU/mL = 4.19) were found to be highestdwked byS.

aureus (Logl0 CFU/mL =

3.87),B. cereus(Logl0 CFU/mL

3.38) and..

monocytogened.ogl0 CFU/mL = 2.26) whereas the lactic cultuoirat in terms of
Log10 CFU/mL was found to between 13.41 and 14.05.

Table 4.23.Preprocessing contaminant effect of the ProbioticdQ@owards selected food

borne pathogens.

Indicator

Respective Count (Log10 CFU/mL) in curd preparedgis

Pathogenic strains L. paraC&S@NAST-RHM82

L. helveticudNAST-RHL103

Pathogen LAB Pathogen LAB
B. cereus 4.11#0.13 13.06+0.85 3.38+0.15 13.4120.45
E. coli 4.96+0.11 12.38+0.76 4.19+0.10 13.67+0.68
L. mONOCYIOgenes 4 151013 12.54%0.55 2.26+0.12 14.05:0.54
S. aureus 4.1420.12 12.91+0.60 3.8720.12 13.51%0.36

4.1.3.2.1.d. Post-processing contaminant: Effect oProbiotic Curd towards

selected food borne pathogens

Equal chances are there to enter contaminant @fégaration of the product till use.
Sometimes contaminant may likely to enter even vitherproduct is stored inside the
refrigerator. To understand antibacterial actiorthe product against the pathogens
(contaminated after product formation) was inveggd as post processing
contaminant effect. The post-processing contanunatifect was studied using 210
CFU/mL of pathogens at 12 and 24 hours of timervatieafter storage in refrigerator.
All the pathogens were killed after 24 hours fothbourd prepared by different the
cultures (Table 4.24).

Post processing contaminants (pathogens) in thduptgrepared using. paracasei
NAST-RHM82 were killed after 12 hours of storageréfrigerator. In contrary, the
post processing contaminants remained in few nusnbethe product prepared using
L. helveticudNAST-RHL103 after 12 hours, but all the contamisantere killed only
after 24 hours of storage (Table 4.24).
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Table 4.24.Post processing contaminant effect of the ProbiGticd against selected food

borne pathogens.

Respective Count (CFU/mL) in Curd prepared using
L. paracaseNAST-RHM82 L. helveticusNAST-RHL103

Indicator Pathogenic strains

12 h/4°C 24 hi4 °C 12 h/4 °C 24 hi4 °C
B. cereus 0 0 3+0.1.50 0
E. coli 0 0 4+1.00 0
L. monocytogenes 0 0 11+2.35 0
S. aureus 0 0 1+0.50 0

Indicator strains (individual pathogens) decreasedsiderably in the experiment
performed to analyze the effect of probiotic curdtbe food borne pathogens (with
an increased cell number; 2®10FU/mLthan the previous experiment performed
with only 2x16 CFU/mL) by adding ten times concentrated cell fsepernatant of
skimmed milk culture broth of. helveticusNAST-RHL103 into the curgbrepared
from the same strain i.¢. helveticulNAST-RHL103 (Table 4.25). In this product,
1:1 dilution of the skimmed milk concentrate dict tkdl the pathogens much even
after 24 hours while the direct (1X) skimmed milbkncentrate reduce. cereusto
zero number after 24 hours of storage in refriggrand the other pathogens such as

E coli, L. monocytogenesdS. aureugemained as 8, 24 and 108 CFU/mL

Table 4.25.Post processing contaminant with skimmed milk eoi@te (10X): Effect of the
Probiotic CurdusingL. helveticudNAST-RHL103)towards selected food borne pathogens.

Respective Count (CFU/mL) in Curd

Indicator
Pathogenic strains

Skimmed Milk Concentrate (1:1 X) Skimmed Milk Cont&te (1X)

12 h/4 °C 24 h/4 °C 12 h/4 °C 24 h/4 °C
B. cereus 11x10+40 2043 6+1 0+0
E. coli 24x10+34 51x16+35 49x16+11 8+1
L. monocytogenes 292x106+46 204x16+25 130x16+9 24+2
S. aureus 108x16+30 136x16+19 236x164+14 108+13
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respectively after 24 hours in the refrigeratorisTexperiment was found to |

notable against thB. cereu.
4.1.3.3.2.2. Sweedturd (Dahi) preparation using L. helveticus NAST-RHL103

The thick milk (evaporated mi) with different sugar concentration (10%, 15% .
20%) inoculated with one percent inoculumsL. helveticudNAST-RHL103 was set
after 16 hours at 37C while the milk with 25% sugar did not formed @r@duct. The
setting time was douk (16 hours in this caseggs compared to thProbiotic Curd
preparation, however the sensory evaluation indcc#hatsweetcurd prepared with
20% sugar concentration wthe best. The sugar utilization was found to be 5.49
the respective sugar concentration in 15% and 2@%hbroth (Table 4.26 and Figu
4.47). The colour of the fermentsweetcurd resulted slightly faint cream colour

compared to control which was d cream colour (Figure 4.46).
4.1.3.2.2.a. Microbiological, chemical and organgidic properties

The microbiological and chemical parameters wese &dund to be varied but with
the acceptable limit (Table 4.26). Chemical prapsrsuch as pH, titrateée acidity
and sugar utilization were measured. The produttt 20% sugar content had

Figure 4.46. SweetCurc prepared bysing L. helveticulNAST-RHL103 at 20% Glucos
level: A) Concentrated mi before fermentation and B) Sweeird after fermentatic.
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highest pH value (pH 4.62) while the product withd and 15 % had pH 4.03 a
pH 4.42 respectively. The titratable acidity waghist for the product with 15

(0.65%) sugar while 10% and 15% had titratable iBci®.58% and 0.44

0

/

respectively. The total sugar utilization was 5.4%tlod initial sugar content for tt

product with 15% and 20% sugar while only 1.8%ugjar was utilized in the produ

with 10% sugar content (Figure 4.47). The viablentoslightly varied among tr

threedifferent sugar content produc

Table 4.26.Chemical and Microbiological properties Sweet Curgrepared b'L. helveticus

NAST-RHL103.

% of ,
sugar  IMoCUlUM L time Tiratable gy qq; Viable
used in pH acidity utilized  lactic count
et (Logl0 ©C)  (hn (%) Logl0
wee 0
e CFU/mL) (%) CFU/mL
10 7.2 37 16 4.03+0.01 0.58+0.09 1.80.55 10.04+0 11
15 7.2 37 16 4.42+0.01 0.65+0.06 5.40.52 0.63+0.23
20 7.2 37 16 4.62+0.02 0.44+0.04 5.40.€0 8.95+0.16

% utilzation
L
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Sugar utilization during Sweet dahi preparation
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Figure 4.47.2Graph for sugar utilization durinSweetcurd fermentation at different lev

sugar byL. helveticudNAST-RHL103.
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The highest viable count was found in the produith W0% sugar (Log10 CFU/mL =
10.04), followed by 15% sugar content product (LO@IFU/mL = 9.63) while least
count was found in the product with 20% sugar (l@@FU/mL = 8.95). Among
three, product with 20% sugar was found to be aedeguring sensory analysis.

4.2. Discussion

4.2.1. Isolation, biochemical and molecular charaetization Lactobacillus spp.

from traditionally prepared curd ( dahi) at geo-climatic conditions of Nepal

The identification and characterization of autoolmdus Lactobacillus strains are
important for understanding their contribution ke tsensorial characteristics of the
final product and for providing new strains to s=d as industrial starters (Fortina et
al., 2001). The genusactobacillus in fact, has a dominant role over other bacterial
genera in food fermentation technologies (elg.,delbrueckii, L. helveticus, L.
plantarum) and probiotic applications (e.d., paracasei, L. rhamnoslsFor these

reasons, 120 rod-shaped isolates were selectéarfoer studies (Table 4.6).

The isolation and screening of lactic acid bactériéB) from natural sources have
been one of the powerful means to obtain strains tfe food and medical
applications. LAB are generally recognized as $&BRAS) microorganism which
have been used for centuries in food fermentatmmhpaeservation (Nes & Johnsborg,
2004; Deegan et al., 2006; Lee & Kim, 2010; Fermanctt al., 2014). For
identification and analysis of LAB activities, maaf/the modern molecular tools are
based on 16S ribosomal sequences, complete oralp@#nomes, or specific
fluorescent probes that monitor the physiologicaivity of microbial cells. These
high throughput approaches are increasingly apptiesirains of LAB (Clevenland et
al., 2001; Nami et al., 2015) and bifidobacteriatthrovide health benefits and are
marketed as probiotic bacteria. The primary purpddbese approaches is to provide
proper strain identification as required for legal good manufacturing practices. In
addition, these identification tools can be usedréme and track LAB including
probiotics in the production phase and in food potsl as well as after consumption
in the intestinal tract. Moreover, many of thesenitfication tools can be instrumental
in the selection of new strains or species of LABbifidobacteria as starters, flavor

developments, or to be developed into probioticsefies of functional approaches
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are being developed and validated that can furtleelused in controlling quality
(Taverniti & Guglielmetti, 2010).

4.2.1.1. Isolation and Biochemical (Phenotypic) Chacterization of Lactic Acid
Bacteria (Lactobacillus species)

The traditionally prepared curd samples were ctdtdrom different geographical
regions for the present investigation. The viabksaphilic counts of LAB on MRS
medium varied in the range of 6.3 to 10.4 Logl0 @ETable 4.5). The curd
samples produced in the Lalitpur and Bhaktapuridistshowed higher LAB count
than those produced in Gorkha district. Howevercase of Rasuwa districts, the
LAB count was slightly higher in Hilly region asmopared to Himalayan region. In
total, two hundred and five bacterial isolates walb&ined from 64 samples; among
them, 193 were considered as presumptive LAB by tBeam positive reaction, of
which negative catalase reaction, and lack of mtytiThe majority of isolates was
rod shaped and, therefore, probably belongs togrus Lactobacillusand the
remaining were cocci (73 isolates). Previous stoidpewan & Tamang (2007) also
found dominance of lactobacilli in traditional daproducts of the Himalayan region
of India including fewdahi samples collected from Nepal. They reported 73d%%
lactobacilli out of total 128 isolates obtainednrd8 samples of Himalayan ethnic
fermented milks. The LAB count in the milk producemged from 10to 1¢ CFUg".
They identified Lactobacillus bifermentans, Lactobacillus paracassubsp.
pseudoplantarum, Lactobacillus kefir, Lacto- badllthilgardii, Lactobacillus
alimentarius, Lactobacillus paracaseubsp.paracasei, Lactobacillus plantarum,
Lactococcus lactisubsplactis, Lactococcus lactisubspcremorisandEnterococcus
faecium in the dairy products. However, their study wawiteéd to phenotypic
characterization including API sugar test. Our stigation for identification and
characterization of the LAB present in traditiogglrepared curis based phenotypic

and genotypic attributes.

4.2.1.2. ldentification and genetic characterizatio of the lactobacilli using

various molecular markers

At first, the 120Lactobacillusisolates were considered for molecular analyss an
identification at species level. To this aim, teelates were clustered in ten groups
according to electrophoretic profiles obtained yRPamplification of the 16S-23S
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rRNA spacer region (ITS) (Figure 4.4a). The taxomomdentification was then
reached by 16S rRNA gene sequencing of represeatatlates for each group and
confirmed by species-specific amplifications of attains belonging to the same
group. For all the groups, the ITS profile was eleggristics of ond.actobacillus
species. The profile of Group 2 and 3 look similarbanding pattern but little
differences was observed and which later identifisd. paracase{Group 2) (Figure
4.6e) and.. rhamnosugGroup 3) (Figure 4.6f). These two species argedlapecies
and belong td.. caseigroup of specied.actobacillus casegroup (Lcs) consists of
three phylogenetically closely related speciés ¢asei, L. paracaseiand L.
rhamnosup (Blaiotta et al., 2008). High resolution meltirgpalysis (HRMAa)
technique (Koirala et al., 2015) was applied to58 bp groEL gene fragment. The
analysis was performed dn paracaseiand L. rhamnosusisolates together with
reference strains as mentioned in materials antiodstsection. The HRMa clustered
Lcs strains in three groups that exactly correspdnid the species of tHe casei
group. Also, two distinct clusters were observedyfe 4.17 A) forL. paracasei
species which later revealed that two clustershiwit. paracasecluster, Figure 4.17
B) represents two subspeciés;paracaseisubsp paracaseiandL. paracaseisubsp
tolerans All the L. paracaseiisolates fromdahi samples were identified das.
paracaseisubspparacasei Finally, an intraspecies-specific PCR analysisr(iaini et
al., 1999) was carried for dll delbrueckiiisolates (Group 1, Figure 4.4a) to a precise
subspecies (4.6 C & D). Phylogenetic trees baseth®ri6S rDNA partial sequence
displayed high consistency regarding relationstafwieen the organisms obtained in
our study and obtained from genbank database.h&linodes leading to Nepalese
curd isolates strain cluster are supported by bmbtstrap values (Figure 4.4b). Also,
curd isolates were designated to the correct spegih close homology (Ennahar,
2003).

On the basis of molecular analysis (i.e. RSA pirafiland species specific PCR), the
120 isolates were classified as belonging to téferént species (Table 4.7 Figure
4.5): 1)L. delbrueckiisubsp.bulgaricus (46 isolates, ITS Group 1), 2) paracasei
(30 isolates, Group 2), 3). rhamnosug21 isolates, Group 3), 4). fermentum(12
isolates, Group 4), 5). parabuchneri(5 isolates, Group 5), 6l.. helveticus(2
isolates, Group 6), 1). coryniformis(1 isolate, Group 7), 8). harbinensig1 isolate,
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Group 8), 9) L. brevis(1 isolate, Group 9) and 1Q) plantarum(1 isolate, Group
10).

Based on our data, homofermentatilze delbrueckii subsp. bulgaricus can be
considered as one of the dominant lactobaciltiahi products. It accounted for 38%
of the total isolates and was the predominattobacilluspopulation in the majority
of the samples. The isolation of predominandelbrueckiifrom the traditional dairy
productswas previously reported (Dellaglio et al.,, 2005; tawWabe et al., 2008).
Particularly,L. delbrueckiisubsp.bulgaricuswas shown as the most abundant LAB
species also in markedahi products from Pakistan (Soomro & Masud, 2012).
However, in this study Gorkha district samples whkrend to lackL. delbrueckii
strains which indicates that these strains areeitbt found in that region or are very
less in number or the geo-climatic conditions ofkba region (Table 4.7, Figure 4.5)
do not support the growth of this bacteria in theyproduct or more study involving
large number of samples substantiate this resule¢onfirm the availability of this
bacteria in this geo-climatic condition. Besides #pecied.. caseior paracaseiwas
already reported as dominant group of lactobaltlahi (Dewan & Tamang, 2007;
Soomro & Masud, 2012). Particularly, we observedattithe facultative
heterofermentativeL. paracasei (accounting for 25 % of the total isolates)
characterizes samples déhi produced in Gorkha district. In general, we foumd
clearly different distribution of lactobacilli imné diverse dairy samples, which can be
explained by the well-known importance of the eomment on the relative
distribution of different bacterial groups in theécnobial ecosystems. Thus, animal
origin of the milk, altitude, different technicabmditions of product preparation, and
any potential factor determining temperature stofiald have affected the bacterial
competition during fermentation process. The twioeotmost abundant lactobacilli
resultedL. rhamnosug18% of isolates) ant. fermentum(10%) (Table 4.7). These
two species were reported to be isolated faahi samples of India. However, their
identification was based exclusively on sugar fertagon patterns (Bhardwaj et al.,
2012). In addition, a few othdractobacillusspecies were also found at very low
frequency in some samples (Table 4.7, Figure 43g\veral otherLactobacillus
species have been previously reported in tradilippaepared curd odahi andother
milk products from South Asian countries (Bao et2010; Bao et al., 2012; Satish et
al., 2013, Milind & Jyoti, 2014) while someactobacillusspecies not found in our
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study such ak. bifermentansndL. alimentariushave also been reported (Dewan &
Tamang 2007). Our study indicates that the Himalagthnic fermented milk
products are a rich source of different lactobaa@tinfirming previous results of
Satish et al. (2013).

The technological properties and the probiotic pti¢ of microorganisms are
markedly strain specific, for this reason, we utatgk the molecular finger printing
of the mainLactobacillusspecies characterizing the cudhki samples using RAPD
and REP-PCR, which are techniques possessing pet&s discriminatory power
(Ljungh & Walstrom, 2009). Notably, these analysesealed that.. rhamnosus
isolates, although originating from samples co#éidcfrom different geographical
regions, had identical/monomorphic fingerprintshnll the tested primers (Figure
415, O, P, Q, R). These isolates might have besrsported from low altitudes to
high altitudes during the back slopping method tairter culture addition during
traditional method otlahi preparation (Table 2-5) or could have very lesgaant of
geo-climatic conditions in their genetic makeup. @e contrary,L. delbrueckii
subsp.bulgaricus, L. paracasei, L. fermentuamd L. parabuchneri(Figure 14-17)
isolates showed a high degree of genetic diveraitythe strain level. More
specifically, the cluster analysis resulting frome tombined patterns of the different
primer sets revealed that most of the profiles wigach species were unique (Figure
10-13). The difference between the correlation fomeht values of Jaccard (J), Dice
(D) and Simple Matching coefficient (SM) were nety different in respective study
of the four lactobacilli assessed for intra-spegesetic diversity. According to Rohlf
(2009), if the correlation coefficient value, rgach that 0.8 r < 0.9, the similarity
coefficient is interpreted as well fit. Because thie highest correlation value
(Jaccard’s correlation coefficient values were 8138 0.84041, 0.94090, and 0.92868
for L. delbrueckiisubspbulgaricus, L. paracasei, L. fermentuandL. parabuchneri
respectively), Jaccard’s coefficient of similarityas evaluated as the best for
deducing the genetic relationship amongltbetobacillusspecies accessing UPGMA
module. Considering that technological and probiéatures of microorganisms are
strain specific, this result is of interest in lighf possibility to select new potential

probiotic strains or starter cultures to be usedaistrial level.
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4.2.2. In vitro probiotic properties of Lactobacillus spp. isolated from

traditionally prepared Curd ( Dahi) of Nepal

Variousin vitro studies have been used to evaluate various ckasdicts of potential
probiotic bacteria. Among these, tolerance to ldw @f the stomach and the bile
content of the upper parts of the intestines aedathility of bacteria to colonize the
intestinal tract are important characteristics thate been studied widely (Naidu et
al., 1999). Adherent strains are preferred, simegr testablishment in the intestine
seems to be necessary characteristics for the gifolaffects to be exerted (Lee &
salminen, 1995). Besides, strains with antimicropraperties and lack of antibiotic
resistant genes are considered as potential prolianhdidates (Felis & Dellaglio,
2005).

Also, lactic acid starter bacteria are widely usedcombination with probiotic
(Bifidobacterium, Lactobacillysbacteria to manufacture fermented dairy products.
Commercial strains of. acidophilus L. casej L. rhamnosusand Bifodobacterium
spp.are added to fermented milks, like youghurt (macifieed withS. thermophilus
and L. delbrueckii subsp.bulgaricus cultures) and probiotic cheese (manufactured
with StreptococcusindLactococcusgultures) (Vinderola et al., 2000a & 2000b). Due
to their poor ability to survive through the passagf the stomach and the
gastrointestinal tract, lactic acid starter baetemere usually not thought to be
probiotics (IDF, 1999). However, more criteria (Leteal., 1999; Naidu et al., 1999)

have been assessed which prompted to include waltidB as probiotic bacteria.

In the present study, thi@ vitro probiotic attributes of twenty four lactic culture
isolates belonging to ten differehtictobacillusspecies obtained from traditionally
prepared curd ordahi at different geo-climatic conditions in Nepal werk;
delbrueckiisubsp.bulgaricus (6 isolates)L. paracasei(6 isolates)L. fermentum(3
isolates),L. rhamnosugq?2 isolates)L. parabuchneri(2 isolates)L. helveticus(one
isolate), L. brevis (one isolate),L. harbinensis(one isolate),L. plantarum (one
isolate),L. coryniformis(one isolate) were investigated (Table 3.2). (Klairet al.,
2014). The isolates were examined for resistangeH® and 0.3% bile, pH 2 and
0.3% bile, adhesion to Caco-2 cells, antibiotic cepsibility and antimicrobial

activities against enteric pathogenic bacteria.
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4.2.2.1. Gastrointestinal transit resistance

Before reaching the distal part of the intestimatt and exert probiotic effect, these
bacteria must survive transition through the stdmaad the upper part of the
intestinal tract (Kirtzalidou et al., 2011). The pHlue in human stomach ranges from
2.0 to 4.5 (Jacobsen et al., 1999). Hence it iessary to screen these bacteria at pH
3.0 and later pH 2.0. The effect of acid and bpél 3 and 0.3% OxGall) on the
viability of various lactic cultures is shown infla 4.8, 4.10. The results showed that
all the lactic isolates under study exhibited tatere to pH 3 and 0.3% bile (viable
count after treatment; Log10 CFU/mL > 5) (Figur&84.27). The viable count, after
gastrointestinal transit treatment (i.e. 90 minutégastric juice treatment followed
by 3 hours in 0.3 % bile), was equal or even marsometimes less as compared to
the control (pH 7 buffer) in all the cases; similand of results are reported by
various researchers previously (Kirtzalidou et 2011; Soomro & Masud, 2012).
85% of the tested lactobacilli isolated from infgat microbiota remained unaffected
at pH 3 after 3 hours of incubation in Kirtzalideual. (2011) study while Soomro &
Masud (2012) reported that viability of majority stfains decreased at pH 3 after 3

hours of incubation.

Unlike in pH 3, only 15 strains showed resistanipt$ 2 and 0.3% bile out of 24
isolates (Table 4.9). The viable count of thre¢idasolates were comparatively lower
(Log1l0 CFU/mL < 2) (Table 4.10 and Figure 4.24 84 2.29) while the viable count
of eight lactic isolates were considerable to s@xient (Logl0 CFU/mL = 2 to 4)
(Table 4.10 Figure 4.18, 4.21, 4.26, 4.27). Ondateobelonging td.. delbrueckii
(Logl0 CFU/mL = 6.4) (Table 4.10 and Figure 4.20\d ahree isolates of.
fermentum(Logl0 CFU/mL = 6-7) (Table 4.10 and Figure 4.2®re found to be
highly resistant in pH 2 and 0.3% bile. Similaruks (Log10 CFU/mL upto 7.0) for
L. delbrueckiisubsp bulgaricusandL. fermentunwere reported by Harun-ur-Rashid
et al., (2007). Our observations about the low Nitgtof the lactobacilli strains at pH
2 and 0.3% bile are also in agreement with previmmorts (Jin et al., 1998;
Xanthopoulos et al., 2000; Kotsou et al., 2008; @& Masud, 2012). Jaya et al.,
(1998) reported that survival value (Logl0 CFU/mdf)two commercial probiotic
strains,L. acidophilusLA-1 andL. rhamnosusGG, were 7.6 which declined after
incubation at pH 3 for 3 hours. Likewise, Conwaykt(1987) investigated the fate of
L. acidophilusNCFM in low pH phosphate buffer saline. A four-logcle drop in
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viable counts after 3 hours at pH 3 in bufferednsalvas screened fdr. acidophilus
NCFM (from Logl10 CFU/mL equals to 7.5 to Logl0 QR equals to 3.3). From
our study,Lactobacillus caseBHIROTA andL. rhamnousGG which were used as
reference culture in our study, viable count LoglfeU/mL value remained same at
pH 3 (Table 4.8, 4.9 and Figure 4.28, 4.29) but dragpped drastically at pH 2 at
different time intervals. Considering all these, jon#y of lactic isolates from
Nepalesedahi are superior to these commercial probiotics inrgagestinal transit

resistance.
4.2.2.2. Adherence to Caco-2 monolayer

The main criteria for selecting probiotic straimglherence to intestinal epithelia is
thought to be dominant. Indeed, adhesion to epdheklls or mucus appears to
mediate colonization of the gastrointestinal trdmt lactobacilli and may be
prerequisite for competitive exclusion of entertyogienic bacteria and immune
modulation of the host successful probiotic baatarsually able to colonize the
intestine, at least temporarily, by adhering to ititestinal mucosa (Dimitrov et al.,
2014).

The ability to adhere to epithelial cells and madaurfaces has been suggested to be
an important and desirable property for probioti€he capacity of any probiotic
strain to adhere to the intestinal mucosa is afketor in its ability to survive and
function as a desired strain in the intestine (Buenhal., 2001). Cell adhesion is a
multistep process involving contact of the bactecell membrane and interacting
surfaces. Several workers have investigated theposition, structure and forces of
interaction related to bacterial adhesion to imestepithelial cells (Pelletier et al.,
1997; Perez et al., 1998; Del Re et al., 2000)nbst cases, adherence property is
influential factor for a potential probiotic candig¢ (Kotsou et al., 2008). In the
present investigation, considerable differencesewadrserved in adhesive properties
of Lactobacillus isolates (Table 4.11 and Figure 4.30-4.35), inddpat of the
species. This variation amohgctobacillusspp. has been observed before (Chauviere
et al., 1992; Tuomola & Salminen, 1998). Tuomol&&minen (1998) tested for 12
Lactobacillusstrains including some commercial probiotics aodnfl thatL. casei
(Fyos) was the most adhesive strain dndcaseivar. rhamnosuswas the least
adhesive strain. Twenty randomly selected microscéifed (x400 magnification)

were used to analyze the results for adhesionntimeber of bacteria adhered to the
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caco-2 cells monolayer were counted and an averagetaken into consideration.
Based on the results obtained, isolates were fidsis, non-adhesive or (-) (no cells
adhered), weak adhesive or (+) (LoglO average roathber adhered <1), mild-
adhesive or (++) (Logl0 average cell number adher&elR) and strong adhesive or
(+++) (Logl10 average cell number adhered = 2-3rofdingly, seven isolates were
non-adhesive (Table 4.11 and Figure 4.31qg, 4.3832k4 4.32I, 4.330, 4.33p, 4.34X),
two isolates were weak adhesive (Table 5 and Fidare 15j), eight isolates were
mild-adhesive (Table 4.11 and Figure 4.30b, 4.3080d, 4.31e, 4.31f, 4.31g, 4.33n)
and seven isolates were strong adhesive (TableahdIFigure 4.30a, 4.33m, 4.34q,
4.34s, 4.35u, 4.35v, 4.35w). Pair wise comparisafisthe negative control
(Streptococcus sanguini$3; photograph not shown here) with the otheeated
considerably higher adhesion to Caco-2 monolay@rd. of 24 strains, seventeen
isolates were found to be adhesive. Of them agaiven isolates such hsbrevis L.
delbrueckii(one isolate out of six),. fermentun{all three isolates),. parabuchneri
(one isolate out of two) and. helveticus(one isolate) were found to be strong
adhesive (Table 4.11), similar findings is reporbsdDelgado et al., 2007; Jakava-
Viljanen & Palva, 2007; Bao et al., 2010; Dimitrewal., 2014.

4.2.2.3. Antimicrobial activity

Lactobacilli have been demonstrated to possessi@nbbial activity towards a series
of pathogenic bacteria, which can be attributedctonpetitive adhesion to the
epithelium or to the production of inhibitory compwls such as organic acids,
hydrogen peroxide, bacteriocins or ruterin (Bei@atnard et al., 1997; Dunne et al.,
2001; Fernandez et al., 2014).The antimicrobiaberties ofLactobacillusisolates
tested were very variable (Table 4.12). Many of ibalates showed weak or no
inhibition against pathogenic strains. Our obseéoveais in agreement with Soomro &
Masud (2012). While some strains suchLagplantarumNAST-RHM93 (against..
monocytogeneandS. entericy L. delbrueckiiNAST-RHL101 (agains§. pyogenes,
P. aeruginosa and S. aureus and L. rhamnosus NAS-BHL25 (againstL.
monocytogeneandP. aeruginosashowed inhibition. The inhibition df. delbrueckii
NAST-RHL101 was replicable with visible clear zobat other inhibitions were
weak. Jacobsen et al.,, 1999 also reported thatattienicrobial activities of the
Lactobacillus species were very variable. Three strainsLofplantarum PAC1.0,
PAC1.10 & WHE92 were used as positive control whettowed strong inhibition
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againstL. monocytogeneglable 4.12). In contrast to this results obtajnelden ten
times concentrated cell free supernatants (CFS%)h@irs old culture) were used
against various food borne pathogens for antimiet@ssay using agar well diffusion
method (100uL CFSs), a clear zone of inhibition in considerablues were
obtained ( data shown in section 4.2.3.2.). Thesilteéndicates that the disc diffusion
method may not be appropriate or the quantity o8€kEsed was very less or the
incubation time of lactic cultures should be exeshdo allow bacteriocin to be
released in the culture broth.

4.2.2.4. Antibiotic susceptibility profiling

According to EFSA (2008), the emergence and theeagprof resistance to
antimicrobials in bacteria pose a great threattmdn and animal health and present a
major financial cost. Among various actions to dese the development of
resistance, screening lactic cultures for varioweskpoint values of antibiotics were
given and are to be tested in order to confirmabgence of transmissible antibiotic
resistance genes. The absence of transmissibleicittiresistances is considered a
key safety prerequisite for the selection of praibianicroorganisms (FAO/WHO,
2002).

We studied the antibiotic resistance for all theerity four lactic isolates with
reference to the European food safety authorityS@EForeakpoints (EFSA, technical
guidelines, 2008). The results obtained showedemdfft susceptible and resistant
ranges for various isolates (Table 4.13), the \aloighlighted below the obtained
values represent the EFSA guideline breakpoint®)r isolates such ak, paracasei
NAST82, L. helveticus NAST103, L. fermentumNAST2 and L. coryniformis
NAST94 were found to be susceptible towards thee rigsted antibiotics. Three
isolates, two oL. parabuchneriand one isolate df. brevisNAST92 were found to
be highly resistant towards the tested antibiotidswever, other isolates showed
susceptible results to some antibiotics and redigtafew other ones (Table 4.13).
Four isolates of this study can be used as futtobigtic candidate which are within
the European food safety authority (EFSA) guidainEnhese isolates may not have
the transmissible antibiotic genes and may be $BEESA, 2008). However, genetic
study regarding antibiotic resistance transmissg@res may be useful before using
them as commercial probiotics (Bongaerts et aD52&irtzalidou et al., 2011).
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4.2.3. Preparation of Probiotic Curd Qahi) and SweetCurd (Dahi) using novel
lactic cultures (Lactobacillus paracasei NAST-RHM82 and Lactobacillus
helveticus NAST-RHL103)

Fermented milk products are part of the diet in ynparts of the world and are
consumed on a regular basis. The international yDaederation (1997) defined
fermented milk as “a milk product fermented by #ution of specific microorganisms
resulting pH reduction and leading to coagulatioffiese specific microorganisms
shall be viable, active, and abundant (at lea§CEQ/g) in the product to the date of
minimum durability (Varadaraj et al., 1993). Therstrs used for fermentation
consist of both homofermentative and heterfermemtatesophilic lactic cultures
which produce aroma (Driessen & Puhan, 1988) ahdrqtroperties required for a
curd. Enhancing the nutritional and therapeuticpprboes of traditional fermented
milk can improve the health and physiology of cansts (Varadaraj et al., 1993;
Vijayendra & Gupta, 2012).

Dahi, which has an appearance similar to that of yggaria popular traditional
fermented dairy product in Nepal and other neigimgpcountries such as India. It is
prepared by fermenting milk from cows, buffalos,ach, yak, goats etc. with
mesophilic lactic cultures and its method of pragian and physicochemical
characteristics are well documented (Rati Rao et 20006; Dahal et al., 2005).
However, the microbiological aspectsdahi with respect to probiotics (biodiversity
identification and characterization of beneficigtibutes of lactic cultures involved in
fermentation) and therapeutic values are yet toekglored in Nepalese context
(Dahal et al., 2005). Traditional probiotic dastyains of LAB have a long history of
safe use (Fernandez et al., 2015). There is a gpinterest in extending the range of
foods incorporating probiotic organisms from daiopds to infant formulae, baby
foods, fruit juice based and cereal based prodacts pharmaceuticals (Lee &
Salminen, 1995). Therefore, it is in need to expldhe potential lactobacilli,
characterize its beneficial attributes and deveoprobiotic product which would

have nutritive as well as therapeutic values.

At present, there is increased demand of the higllity natural food which is free of
artificial ingredients and the contaminants (Vakalani et al., 2014). Dairy foods are
more likely to be contaminated with a variety obdoborne pathogens (Altekruse &
Street, 1995; Knabel, 1995; Cullor, 199Bpcillus cereusproduces toxins when it
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contaminates food products such as dairy itemsglwban cause either diarrhoea or
nausea and vomiting due to emetic toxin producfldre presence dscherichia coli

in milk products indicates the presence of entdtagggenic microorganism, which
constitutes a public health hazard causing blootrriitbea and several other
disordersListeria monocytogends a food contaminant particularly in raw milk can
even grow in the cold temperature of refrigeratbirol can be killed during cooking
and pasteurization. It also causes symptoms suchaatoea, vomiting and others.
The contamination oStaphyococcus aureus the milk products causes minor skin
infection to life threatening diseases such as prgua, meningitis, endocarditis and

septicemia  (Internet  visit,  2015. _ http://www.foofigg.gov/index.htnjl.

Antimicrobial activity is very important criteriaf the selection of probiotic microbes
as probiotic microbes are natural antagonists ofemg@lly harmful bacteria
(Varadaraj et al., 1993; Arques et al., 2014; Natal., 2015). In the current study,
antagonistic property of lactic cultures (with t@lece to gastrointestinal transit
resistance, adhesive to Caco-2 cells and lie withima EFSA guideline during
antibiotic resistance profile) was studied and ¢hlastobacilli L. paracaseiNAST-
RHM82 andL. helveticusNAST-RHL103) showing antimicrobial activity to fou
different food borne pathogens were further studied a probiotic curddg@hi)
product was developed.

In view of the fact that fermented products areyvy@spular in Nepalese diet, the use
of a starter culture that can ferment as well asckhthe growth of pathogenic
organisms would be very ideal. Hence, novel antagjonstrains (such as.
helveticusNAST-RHL103) of lactobacillus (with other probiotiproperties) was
identified from traditionally preparedahi and used successfully as starter culture
production for probiotic curdd@hi) as well as Sweet curddhi) preparation. To the
best of our knowledge, this is first attempt fosteynatic study for characterizing the
Nepalesedahi isolates at molecular and probiotic level with tien of preparing
probiotic dahi emphasizing on antagonistic activity towards uasidoods borne

pathogens.

4.2.3.1. Pre-assessment of antimicrobial substanckom indigenous lactic

cultures prior to product development

Lactobacillusstrains as probiotic are being increasingly exaahifor their ability to

inhibit the pathogenic bacteria. In present ingzgton, six lactic cultures were used
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for antimicrobial study where three showed inhditito the indicator pathogens
(Table 4.14 and Figure 4.37). Out of three positsteains, two strainsviz.
Lactobacillus paracaseNAST-RHM82 and_actobacillus helveticuBlAST-RHL103
were selected for further study. These lactic caluexhibited significanin vitro
probiotic properties such as gastrointestinal itamsistant (acid and bile tolerant),
adhesion and also safe for use since they lie miB#SA guideline intended for
antibiotic susceptibility test (mentioned in sentid.1.2.4.). Hoover & Steenson
(1993); Jacobsen et al. (1999); Shah (2000b); Baal. €2010); Kirtazalidou et al.
(2011) have also previously reported that lactituces such a&. paracaseiandL.
helveticushaving could be used as the potential probiotigirss. The antimicrobial
substances produced by these two cultures demtatstteeir bacteriostatic as well as
bactericidal properties both in agar plate andhmilture (Table 4.15 and Figure
4.38, 4.39). The similar kinds of results were prged in previous research findings
(Jacobsen et al., 1999; Bao et al., 2010; Kirtdpaliet al., 2011).

The antimicrobial activity was found to be consaldy stronger when reconstituted
skimmed milk broth was used for lactobacilli growtBerna-Cock et al. (2012)
reported that the production of metabolite diffdepending on the composition of the
growth media. Zalan et al. (2010) also reported mhetabolites production may vary
in MRS broth and skimmed milk broth which also degieon bacterial strains. While
Chumchalova et al. (1998) reported that inhibitacyivity of acidocin was higher in
MRS than skimmed milk broth. For instance, CFSthefstrainL. helveticudNAST-
RHL103 cultured fromMRS and skimmed milk culture broth separately shibwe
different zone of inhibition (ZOI) again&. cereus The ZOI of CFSs obtained from
MRS broth usind.. helveticudlNAST-RHL103 showed 19 mm while it was 24 mm of
CFSs from skimmed milk broth. Our results (Tablnd Figure 1, 4) suggest that this
strain and its metabolites produce better antirbi@osubstance in reconstituted
skimmed milk broth (Hoover & Steenson, 1993). Mgstntibiotics are used as
positive control during antimicrobial assay (Diit Kailasapathy, 2012), however,
relative inhibitions exhibited by CFSs derived frawo lactobacilli were considered
as the constructive control in each experiment. phsitive control inhibition is
generally found to be superior to the crude exsracttimicrobial compound derived
from LAB (Acharya, 2005). The cell free supernasa(@FSs) from skimmed milk

broth were concentrated and further purified phytiasing methanol followed by
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acetone. The strength of inhibition was found to ibereased with the partial
purification (Table 4.16 and Figure 4.40) using twdifferent solvents
(Chamundeeswari et al., 2012). Further, consigtesilt was obtained for arbitrary
unit per mL (against 2x£@CFU/mL of indicator strains in plate assay) andimum
inhibitory concentration based on arbitrary unitr meL (against 2x1d CFU/mL
indicator strains in broth assay) fbactobacillus helveticubNAST-RHL103 (Table
4.18, 4.19) (Suma et al., 1998; Jena et al., 2008). result is supported by the
findings of Griffiths & Tellez (2013) where variougeptides with physiological
functions, such as immunstimulating peptides, aictiobial peptides, opioid peptides,
mineral binding peptides and antihypertensive plegtihave been isolated from
products fermented with. helveticus Comparatively, weaker activity was observed
for Lactobacillus paracasdNAST-RHMS82. This weaker inhibition activity resddr

L. paracaseidiffers from the findings of Ashokkumar et al. (A). However, the
zone of inhibition is comparatively higher (ZOl tife CFSs cultured in MRS broth
againstB. cereus, E. coli, L. monocytogerag®l S. aureuswas found to be 15, 15, 16
& 13 mm respectively and the ZOI increased rel&givia Skimmed milk broth
culture) (Table 4.14 and Figure 4.37) than repobgd.ozo et al. (2004) and Geria et
al., (2014).

The antimicrobial property exhibited by both thdtures against four indicator strains
is also supported by the scanning electron micqsqgohotographs (Figure 4.40)
where the change in the cell morphology of indicateains after killing effect can be
observed. Hence, both the cultures with probiotiopprties as well as strong

antimicrobial activity against enteric pathogensevesed for product development.
4.2.3.2. Preparation of Probiotic Curd Dahi) and Sweet Curd Dahi)

Probiotic bacteria can be found worldwide in a e®riof products, including
conventional food products, dietary supplements aredliical foods. In the United
States, the main outlets for probiotic bacteriadaey foods and dietary supplements
and medical foods (Cullor, 1997). Dairy foods camtay probiotic bacteria include
most major brands of yogurt, culture containingidflumilks, such as “Sweet
Acidophilus Milk” and a few brands of cottage chee®airy foods seem to fit
naturally with probiotics because of the traditibressociation of beneficial
fermentation bacteria and fermented dairy produgisrnandez et al.,, 2014).

Consumers naturally associate fermented dairy mtedwith live cultures and
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perceive a benefit in the presence of these cult(®anders, 2000). Therefore this
experiment challenges to prepare a probiotic cdadi] using two indigenous lactic

cultures.

Two lactic culturesviz. Lactobacillus paracaseNAST-RHM82 andLactobacillus
helveticusNAST-RHL103 were used to prepared probiotic cutdhf separately.
The optimum conditions used for preparing probiaticd revealed the products
acceptability by their texture, aroma, titratabdeddy, pH and viable count which are
very important parameters for consumers’ acceptéhi@samba & Ali, 2013). The
viable count was maintained more than 10%¥6r both the products (FAO/WHO,
1997).

Milk fat has more than 400 different fatty acider{den, 2002), though the main
composition is covered by 14 to 27 fatty acids. Khht has an average of 60%
saturated fat, 24% MUFA and 0.5% PUFA (Walther let 2008). Milk fat is the
richest natural source of conjugated linoleic aqi@&As), the main isomer being
C18:2n-7 cis9, trans1l1 (Collomb et al., 2006; Pa@Q9). Milk fat has a lot of short-
chain fatty acids, and in addition, various raranghed, odd-numbered and oxo fatty
acids in small amounts. Milk fat has ruminant tréaity acids because of the
microbial activity in rumen. Free fatty acids (FFA)e generated by both lipolytic
processes (C4-C20) and bacterial fermentation (€R-8nalysis of various short-
chains FFA would be important and their presencecaaise flavor changes and other
health benefits (Fernandez et al., 2014). The tesidlour study showed various 14
fatty acids present in the probiotic curd produgtgg two lactic cultures separately
(Table 4.22). This outcome is similar to the preisesearch findings (Yadav et al.,
2007; Guler & Park, 2011). Obesity is a growinglpem all around the world. The
fat reduction in total diet has been considered @inthe main issues and it can be
achieved by choosing food items with lower fat emitand by reducing the fat
content of particular food. Dairy products are thest popular reduced fat choices.
(Stewart Knox et al., 2005). Astrup et al. (2014parted that low-fat dairy products

are part of a healthy diet.

The sensory evaluation helps defining the prodbatracteristics which are important
with respect to the acceptability by the consum#rsepresents an important step
while developing a new food product (Cruz et aD1@ Arques et al., 2014). It

involves the analysis and interpretation of th@oeses to different sensory attributes
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such as texture, aroma, colour, taste and mouttefeeThe sensory characteristics of
probiotic curd have substantial effect on consumereptance (Masamba & Ali,
2013). Through the organoleptic analysis of thebmiic curd lahi) samples, it was
established that th@ahi prepared with.. paracaseiNAST-RHM82 was found to be
the best followed by the cumndrepared withL. helveticusNAST-RHL103 and the
control curd was found to be the last choice. Havethe preparation of curd using
L. helveticudNAST-RHL103 would be appropriate based on thehbation time (only
8 hours), antimicrobial activity and other probeoproperties as compared to the
paracaseiNAST-RHMS82 (30 hours of incubation time, less aite, low strength in
antimicrobial activity). This kind of probiotic cdr (dahi) could be useful for
controlling the growth of harmful bacteria and inriag intestinal disease like
constipation, diarrhoea, dysentery (Shahani & Chand979).

Similarly, a sweet curdd@hi) was prepared (with evaporated or concentratell) mil
using probiotic culturel.actobacillus helveticuWAST-RHL103 (which could grow
at high sugar concentration of up to 20%) with mpitm growth conditions (Table
4.26). From the biochemical and organoleptic privger Sweeturd with 20% sugar
was found to be the best which had titratable aci@id4 %, pH 4.62 and the sugar
percentage was reduced by nearly 6% (Figure 4#79. quality of Sweet curdf
Nepalese origin was found to meet the prescribaddsird and falls under the grade
of good quality (Ghosh & Rajorhia, 1990; Cruz et @010). This probiotic Sweet
Curd Dahi) product may be the substitute of the commerciades foods (Chethana
et al., 2014).

4.2.3.2.1. Effect of Probiotic Curd Dahi) towards Pre-Processing and Post-

Processing contaminants

The possibility of contamination is very commonidgrthe preparation of fermented
foods including dairy products. The contaminant neager before or during the
preparation of indigenougahi which may be due to unclean utensils or poor mgie
of the worker or environment which leads to theilsge of the product. This
examination was performed to validate the antibadtaction of indigenous lactic
cultures in the formulatedahi as well as to screen them for future bio-presereati
agent in foodsDairy products are prone to the enteric pathogdfesémba & Ali,

2013). For this, probiotic curd was added with aador pathogen$3( cereus, E. coli,

L. monocytogeneand S. aureu} before product formation (indicator strains added
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together with inoculums i.e. pre-processing conteamis) and after product formation
(i.e. indicator strains added after product fororatie. post-processing contaminants)
separately. The results showed that the numbeisdidator strains were slightly
lowered during pre-processing contamination (TahR23) while completely killed
during post-processing contamination after 24 haiosage in refrigerator (Table
4.24) (in case of product prepared usinghelveticusNAST-RHL103). Although,
almost complete reduction of the pathogens wasilgestor the product prepared
usingL. paracaseNAST-RHMS82 after 12 hours of storage in refrigerathis strain
may not be suitable commercial strain since it t8Okours (22 hours more time than
L. helveticudNAST-RHL103) for product formation. The resultstained in case of
L. helveticudlNAST-RHL103 are as good as the findings reportedibias Mansilla,
2008), who observed that the use of LAB as potebiapreservative strains of fresh
fruit and vegetables provided encouraging resudigeeially for the inhibition of
pathogenid.. monocytogenem fresh products and fermenting foods and bewsag
(Gilliland et al., 1975; Schillinger & Lucke 1989Jhe absence of enteric pathogens
was due to bactericidal activity of the probiotidtares and their metabolites in both
the products. From this study, we can conclude tim&ctions caused by
contaminated foods or other sources may be curembbguming such probiotic curd
(dahi). Hence the probiotic curdd#&hi) prepared usind.-actobacillus helveticus
NAST-RHL103 can be the alternative therapeutic i@ppbn which may protect
against gastrointestinal pathogenic infections wdé of great importance for future

medical use.
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5.0. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

5.1.1. Isolation, biochemical and molecular characterization of Lactobacillus spp.

from traditionally prepared curd (Dahi) at different altitudesin Nepal

The main aim of this study was to isolate and genetically characterize the dominant
lactobacilli in traditionally prepared curd or dahi at different geo-climatic conditions
of Nepal. The results obtained during this study highlighted that rod-shaped bacteria
were the dominant Lactic Acid Bacteria (LAB) population in traditional Nepalese
dahi samples (62% over 38% cocci). Within rod-shaped LAB, a wide diversity of
Lactobacillus species was found confirming that home-made traditional fermented
products are naturally rich source of novel Lactobacillus strains. In total, 205 bacterial
isolates were obtained from 64 curd (dahi) samples, of which, 193 were LAB isolates.
Later, 120 isolates were identified as lactobacilli belonging to ten different
Lactobacillus species were identified by species specific PCR. And intra-species
genetic diversity analysis (phylogeny) was performed using various molecular marker
tools for maor groups such as L. delbrueckii, L. paracasei, L. rhamnosus, L.
fermentum and L. parabuchneri. Intra-speceis genetic diversity study involving
number of random primers revealed rich genetic diversity within different species
except L. rhamnosus. Among the identified isolates, species such as L. paracasei and
L. rhamnosus have a known history of safe use and health-promoting properties,. The
new Nepalese isolates of these species may provide useful resources for further
studies aiming at the selection of new cultures with potential novel probiotic
characteristics. Furthermore, the strain collection obtained from this study represents a
first step towards the preservation of the natural biodiversity of bacterial population of
the traditionally prepared Nepalese curd or dahi.

5.1.2. In vitro probiotic properties of Lactobacillus spp. isolated from
traditionally prepared curd (Dahi) at different geo-climatic conditions of Nepal

The lactobacilli obtained from curd (dahi) collected in Hilly and Himalayan regions
of Nepa could be a potentia source of biological materials for dairy industries so
these cultures are widely studied in search of novel probiotic candidate. All the
lactobacilli obtained from various sources may not possess probiotic properties and

hence it is necessary to screen and characterize for probiotic properties for future

184



CHAPTER 5: Conclusion and Recommendations

food, medica and industrial applications. Viability and survivbility of probiotic
bacteria to tolerate pH and bile environment of human GIT are important
characteristics in order to provide health benefits. Besides colonization of the GIT,
there are severa factors including binding capacity to intestinal cells and mucus,
antimicrobia inhibition and antibiotic resistance profile are often considered as the
main criteriain order to be a putative probiotic candidate. However, a single probiotic
candidate may not exhibit all the probiotic properties. In the present study, 24
lactobacilli obtained from Dahi collected at various geo-climatic conditions of Nepal
were examined for in vitro probiotic properties. Of the 24 isolates studied, the four
Lactobacillus strains viz. L. paracasei NAST-RHM82, L. fermentum NAST-GHM2,
L. helveticus NAST-RHL103, and L. coryniformis NAST-RHM94 showed
considerable in vitro probiotic properties (such as tolerance to acid and hile
conditions, adhesion to Caco-2 cells monolayer, and antimicrobia activity) as
compared to other lactic isolates studied as well as the standard probiotic cultures.
Also, only these four lactic isolates completely follow the EFSA guidelines hence
these are absolutely safe for use as Probiotics in future. However, additiona in vivo
study may be performed in future to use these cultures as the potential probiotic

candidates.

5.1.3. Preparation of Indigenous Praobiotic Curd (Dahi) and Sweet Curd (Dahi)
using novel lactic cultures (Lactobacillus paracasss NAST-RHM82 and
Lactobacillus helveticus NAST-RHL 103) having praobiotic properties

Fermented milk products such as curd (dahi) containing LAB are traditionally used
every day asfood in Nepal. The development of starter culture having fermentative as
well as probiotic properties would hold a great promise for dairy industries. Hence,
present study was undertaken to examine and validate antimicrobia properties of
lactic cultures having some probiotic activities to develop probiotic curd (dahi) and
sweet curd (dahi) in laboratory scale. For these reasons, this study was focused in
preparing indigenous dahi using probiotic cultures of L. paracasel NAST-RHM82
and L. helveticus NAST-RHL103. Also, sweet curd was prepared using L. helveticus
NAST-RHL103. Based on the in vitro probiotic properties results, antibiotic
susceptibility test and antimicrobial activity, these two cultures were used for product
development. Additional experiments were performed to understand the antimicrobial

properties of these strains. Antimicrobia substance produced from these two cultures

185



CHAPTER 5: Conclusion and Recommendations

(L. paracasei NAST-RHM82 and L. helveticus NAST-RHL103) were found to be
bacteriostatic as well as bactericidal towards four different food borne pathogens
(Bacillus cereus F 4810, Escherichia coli, Listeria monocytogenes Scott A and

Saphylococcus aureus FRI 722).

These two probiotic strains were found to be successful starter culture to prepare curd
or dahi. The chemica (pH, titratable acidity, percentage fat and fatty acid
compositioin), microbiological (viable count in the product) and organoleptic
properties (sensory anaysis of the product) were aso found to be high-quality by
chemical, microbiologica and sensory analysis respectively. However, the
fermentation time to produce dahi using L. paracasei NAST-RHM82 strain was
longer than L. helveticus NAST-RHL103 strain. The results obtained reveal that L.
helveticus NAST-RHL103 could be a potential probiotic candidate because of its
strong in vitro probiotic properties including antimicrobial activity against food borne
pathogens and is safe for use as per EFSA guidelines for antibiotic resistance. Also,
incubation time for product development is amost four times shorter as compared to
the L. paracasei NAST-RHM82 with good sensory characteristics. The experiments
performed for pre-processing contaminant and post processing contaminant effects
proved that L. helveticus NAST-RHL 103 produces strong extracellular antimicrobial
substance and could also be used as natural preservative agent in foods in beverages.
Besides these, L. helveticus NAST-RHL 103 was able to produce sweet curd (best was
to be the product with 20% sugar content). Both the cultures showed its good effect
against pre-processing and post-processing contaminants i.e. the food borne
pathogens. These findings suggest that these cultures can aso act as bio-preservatives
replacing the chemical preservatives used in various food industries including dairy
sectors. Hence, among severa lactic isolates investigated, the lactobacilli isolated
from the traditionally prepared dahi collected from Hilly region of Rasuwa District
viz. L. helveticus NAST-RHL103 with good probiotic properties and also being safe
for use can be exploited as marker probiotic candidate for industria production of
probiotic curd as well as to develop pharmaceutical probiotic product for future

therapeutic and medical uses.
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5.2. Recommendations

The diversified geo-climatic conditions, ethnic communities, culture and heritage
dictate the various methods of traditional food preparation and their consumption
pattern in the Himalayan country Nepal. However, complete scientific information on
the various aspects food products, their traditional ethics, production and preparation
methods, health benefits, microbiological and biotechnological aspects and mode of
consumption of these products are still lacking. These days, use of lactic acid bacteria
mainly associated with fermented dairy products such as Dahi (curd), cheese,
buttermilk, yoghurt etc. is rapidly expanding not only as a starter culture for various
dairy products but also for other food based industries (such as Confectionaries,
Pharmaceuticals etc.) due to their beneficial health effects. An increasing number of
health foods or so called functional foods as well as pharmaceutical preparations are
promoted with health claims based on the characteristics of certain strains of lactic
acid bacteria. Knowledge of probiotic bacteria used with different prebiotics increases
globally, the demand for products containing probiotic bacteria have increased
significantly. The exploration of the various biotechnological aspects of the lactic acid
bacteria from the traditional foods such as dairy products of different geo-climatic
conditions of Nepal with technologica properties (functional, probiotics,
pharmaceuticals and medical) have a great importance in biotechnological industry
and food science. Following actions in biotechnology area are in need with respect to
research and development, industrilization, employment, improved agriculture

economy and sustainable development of the country.

1. Investigation on various traditiona fermented foods for the isolation, molecular
characterization, in vitro and in vivo probiotic properties are very important things
and should be encouraged by the government.

2. Research into mechanisms of probiotics using microbes obtained from traditional
fermented foods are aso very important, which would, not only improve the
knowledge of the mode of action of probiotics into the gastrointestinal tract, but
also will provide the appropriate probiotic candiate for future biotechnological
applications.

3. While the knowledge of indigenous lactic cultures for their biochemical &
molecular characterization, acid & bile tolerance, antimicrobial and antibiotic

sensitivity properties has been ascertained as well as two cultures were established
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as the starter as well as probiotic cultures, further work is still needed for
understanding the in vivo properties focusing on the particular mechanisms of
probiotics.

. The inhibitory ability of the indigenous probiotic bacteria especialy lactobacilli
towards the food borne enteric pathogens has important food and clinical
implications. Due to contamination, the spoilage and occurrence of food borne
illness is common in developing countries (such as Nepal, India, Bangladesh etc.),
the continuation of this research may address the problem of chemica
preservative which could be replaced by the lactic culture as bio-preservative
agent.

. Our work has discovered some potential candidate (such as L. helveticus NAST-
RHL 103 which are successfully able to inhibit food borne pathogens such as B.
cereus, E. coli, L. monocytogenes and S. aureus in vitro experiments. These
strains need to be further assessed and critically evaluated by in vivo and clinical
research on patients colonized and infected with the above mentioned pathogens.
In addition, it may be useful to study which antimicrobial compound with what
mechanisms of actions, the pathogens are being successfully eliminated. Also, the
product Curd or Dahi prepared with these probiotic lactic cultures could be used
to know whether it could be a good substrate to carry the probiotic cultures into
the gastrointestinal tract or not. If this study could be investigated and developed a
suitable substrate to carry these probiotic bacteria, the food borne pathogens could
be eliminated without the use of antibiotics.

. Finaly, future research must investigate the mechanisms by which gut microflora
interacts with the intestinal epithelium in health and disease. With this knowledge,
optimal probiotic strains can be developed. The viability of probiotics is a key
parameter for developing probiotic food products. New technologies should be
developed to enable high cell yield in large scale and ensure probiotic stability for
a long period in food. Various food matrices, dairy and non-dairy, can be used
with probiotics. With different technologies, such as microencapsulation, cell
immobilization and continuous fermentation, the probiotics will become an
important and viable ingredient in the functional foods, expanding the probiotic
application outside the pharmaceutical and supplement industries.
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6.0. SUMMARY

A healthy human GIT is a quite complex microbiabggestem that facilitates normal
physiological functions of the host organisms usldsarmful and potentially
pathogenic bacteria dominate it. In order for theestine to function optimally, the
‘balance’ of the bacteria must be maintained ars@ms to be increasingly difficult
due to change in way of living. At present, studytlee traditional fermented foods
and later development of functional foods suchasydoods containing probiotics is
one of the key priority areas of the food and maiditotechnological sciences. Dairy
foods naturally fit with probiotic organisms foretin survival and may play a potential
role as a vehicle to transport them through thestharonditions of GIT and get
implanted into the consumer gut to exert variouaslthebenefits. It has been widely
accepted that consumption of probiotic enrichedd$oglay a preventive and
sometimes curative effects against certain disedkescancer, allergy, diarrhea,
bowel diseases, diabetes etc (Dellaglio & Feli©§330However, scientific research
pertaining to characterization of probiotic micrebaf Nepalese dairy origin is still
scarce. Therefore, this entire investigation waspeéd or designed in order to isolate
such beneficial lactic acid bacteria from tradiabiy prepared Curd obahi from
different geographical regions of Nepal, charazteat phenotypic, biochemical and
molecular levels, study their probiotic propertiessng standard techniques and finally
select few promising strains for the preparationpodbiotic dahi for commercial
application. The salient findings of the presenvestigation encompasses the
isolation, biochemical and molecular characteraratof the Lactobacillus species
obtained from traditionally preparediahi collected at different geo-climatic
conditions of Nepal; intra-species genetic divgrgtudy of the major groups of
lactobacilli isolates using various PCR based nmathd6S rRNA sequence based
phylogenetic study at species level; screeningrfaitro probiotic properties; partial
purification and characterization of the antimigedltompounds; the development of
the probiotic curd dahi) and sweet curddéhi) chemical, microbiological and
organoleptic properties of the product; pre-procgssand post-processing

contaminant effect towards the enteric food borab@gens.

The major research works carried out and theirifigel are summarized in following

section.
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. Total of 64 Curd Dahi) samples were collected from four districts (Garkh
Rasuwa, Bhaktapur and Lalipur) belonging to twoggaphical regions (Hilly and
Himalayan region) of Nepal.

. Of the total 205 isolates obtained, 193 isolatesewmeliminary confirmed as
lactic acid bacteria where 120 isolates (68%) vieoad to be rod shaped and 73
isolates were found to be cocci (32%).

. The rod shaped lactic acid bacteria i.e. lactobagére further characterized at
phenotypic, biochemical and molecular level.

. Then, phenotypic and biochemical characterizatiochsas colony morphology,
microscopy (grams staining, negative staining),ilityptest and catalase test were
performed for presumptive confirmation of the ladrcid bacterialL@actobacillus
species). 120 presumptive lactobacilli isolatesewknrther used for molecular
characterization.

. For, molecular identification and characterizatiDiNA extraction was carried out
by phenol chloroform method.

. First step was achieved using Polymerase ChaintiRea®CR) based Internal
Transcribed Spacer (ITS) profiling which allowede tidentification of lactic
isolates at genus level as well as grouping okthelar isolates.

. The 16S rRNA sequencing of representative straom £ach group were allowed
their identification.

. Further molecular identification was also achiewsing a number of species
specific PCR assays.

. Based on all these molecular analyses, the 12@Gtesolwere classified as
belonging to ten differentactobacillus speciesviz. (1) L. delbrueckii subsp.
bulgaricus (46 isolates), (2. paracasei (30 isolates), (3)L. rhamnosus (21
isolates), (4)L. fermentum (12 isolates), (5).. parabuchneri (5 isolates), (6)L.
helveticus (2 isolates), (7)L. coryniformis (1 isolate), (8)L. harbinensis (1
isolate), (L. brevis (1 isolate) and (10). plantarum (1 isolate).

10.L. delbureckii was identified up to subspecies i.e. &s delbrueckii subsp.

bulgaricus by species specific PCR.

11. Also, representative isolates lofparacasel were identified up to subspecies level

asL. paracasel subspparacasei using High Resolution Melt Curve Analysis.
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12.Intra-species genetic diversity analysis was stiidiging various markers fdvr.
delbrueckii subsp. bulgaricus, L. paracasel, L. rhamnosus, L. fermentum and L.
parabuchneri.

13. A high degree of intra-species genetic diversity wavealed for alLactobacillus
species, except fdr. rhamnosus isolates, which produced a single typing profile
with all primers studied.

14.0f the 120Lactobacillus isolates, 24 isolates were further selected fobiotic
properties analysis based on the intra-speciestigafieersity study and the geo-
climatic origin of the isolates.

15.Probiotic properties such as gastrointestinal ttaresistance (acid and bile
tolerance), adhesion, antimicrobial activity andilaatic sensitivity tests were
also carried out.

16.All the 24 isolates studied were able to survive tastrointestinal transit
resistance at pH 3 and 0.3% bile while only 15ated were able to survive the
gastrointestinal transit resistance at pH 2 anélo(he.

17.Seventeen lactic isolates were found to be adhesivée seven were non-
adhesive in Caco-2 cell monolayer.

18.The antimicrobial activity tested against the antgrathogens by paper disc
method was found to show weak inhibition.

19.According to European food safety authority (EFS@yidelines, antibiotic
sensitivity test was carried out for all the 24lases. Among them, only four
isolatesviz. Lactobacillus paracasei NAST82, Lactobacillus fermentum NAST2,
Lactobacillus helviticus NAST103 andLactobacillus corniformis NAST94 were
found to be safe for different nine antibiotics (picillin, Vancomycin,
Gentamycin, Kanamycin, Streptomycin, Erythromy€iindamycin, Tetracycline
and Chloramphenicol).

20.Based on then vitro probiotic attributes test, six lactic culturkeactobacillus
fermentum  NAST-GHMZ2, Lactobacillus rhamnosus NAST-GHM25,
Lactobacillus delbrueckii subsp. bulgaricus NAST-RHL74, Lactobacillus
paracasei NAST-RHM82, Lactobacillus delbreuckii subsp.bulgaricus NAST-
RHL101 andLactobacillus helveticus NAST-RHL103 were selected for further

antimicrobial, sugar fermentation and product depelent studies.
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21.Well diffusion method was used to screen the actiomial activity against
enteric pathogensviz. Bacillus cereus F 481Q Escherichia coli, Listeria
monocytogenes Scott Aand Staphylococcus aureus FRI 722.

22.0f the six, three isolates were found to inhibit thle four enteric pathogenic
strains and only two straingz. Lactobacillus paracasei NAST-RHM82 and
Lactobacillus helveticus NAST-RHL103 were further selected for partial
purification and characterization of the antimigedbcompound produced by
these lactic cultures.

23.These two lactic cultures were further cultured skimmed milk broth and
concentrated and antimicrobial activity (both baowtatic and bactericidal) were
observed and the strength of the inhibition wasébto be higher in cell free
supernatants derived from skimmed milk broth aspamed to the MRS broth.

24.The ten times concentrated cell free supernataatsvedi from skimmed milk
culture broth of the respective cultures were fertpurified by using methanol
and later methanol concentrate was purified (comatsd) using acetone.
Antimicrobial compound during the purification wasncentrated so that the
strength of inhibition increased considerably agaiall the four indicator
pathogens. However, the strength of inhibition kiynsned milk broth, methanol
concentrate and methanol-acetone concentratie. dielveticus NAST-RHL103
was very high as compared to the inhibition by lth@aracaset NAST-RHM82
against all the pathogens. And the strength ofirthéition increased relatively
following different purification steps.

25.Following the partial purification and its inhilwti results, probioticdahi) curd
and sweet curddahi) were prepared and the effects of pre-processnugp@st-
processing contaminants (four indicator pathogesitains were used as
contaminants) were analyzed for probiaiati.

26.Product formation conditions such as incoculum,sizeubation conditions (time,
temperature) were optimized and the product waméddr with the optimized
conditions.

27.Two products were formed using separate lacticuoedti.e L. helveticus NAST-
RHL103 formed the product with 1% inoculums (in thieole milk) at 37 °C in 8
hours whileL. paracasei NAST-RHM82 formed the product 1% inoculums at 37
°C in 30 hours.
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28.Microbiological, chemical and organoleptic (sensamyalysis) properties were
analyzed and were found to be of high quality fothbthe products. However,
from the results it has been confirmed that thedpco formed withL. helveticus
NAST-RHL103 is better due to its better probiotittributes, antimicrobial
activity and the short incubation time for prodterimation.

29.Also, pre-processing and post-processing contamireffects towards the
pathogens were carried out separately and resbitsined showed that the
contaminants could not grow in the probiotighi entered before or during the
handling (as pre-processing contaminants) but th& pontaminants numbers
decreased drastically (for all the pathogens) aftdr hours of storage in
refrigerator. In addition, the swedahi was prepared usinlg helveticus NAST-
RHL103. This culture is also able to ferment thékmontaining up to 20% sugar
and able to produce sweddhi. These results also highlighted the possibilités
using this culture as the biopreservative agettterfood products.

30.Because of the innate properties of the lacticucelt. helveticus NAST-RHL103
could be a probable probiotic candidate and thepbeservative lactic culture in
future.

31.Hence, isolation, biochemical and molecular charaztion was carried out for
the Lactobacillus species found in the traditionally prepared curdati obtained
from different geo-climatic conditions of Nepal. s&l characterization of the
vitro probiotic properties and the selection of the pofarobiotic cultures with
further authentication for antimicrobial activityrected the development of the
probiotic curd (antibacterialahi).

32.In conclusion, the major findings of the project dMcular and Probiotic
characterization ofactobacillus spp. isolated from traditionally prepared curd or
Dahi collected at different geo-climatic conditionsMdpal” helps in providing a
potential technology with a probiotic lactic cukur. helveticus NAST-RHL103
for preparation of the indigenous probiotiahi having beneficial attributes.
Besides the beneficial attributes such as nutadi@md functional characteristics,
this culture may also be developed as the bio-prasee agent in functional
foods to increase the lifespan and replace the ntadauses of the chemical

preservatives.
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Appendix 1

AP.1.0 MICROBIOLOGICAL MEDIA, REAGENTS AND BUFFERS

Composition of different types of Media and Buffeused in the study, are given
below. Sterilization of media and buffers were parfed at 121 °C for 20 minutes
under 15 psi pressure

AP.1.1 deMann Rogosa Sharpe medium (MRSjpH 6.5 +0.2)

Peptone 10.0g
Beef extract 10.0g
Yeast extract 50¢
Dextrose 20.0¢g
Dipotassium hydrogen phosphate 20g
Sodium acetate 500
Ammonium citrate 20g
Magnesium sulfate 0.1g
Manganese sulfate 0.05¢
Tween 80 109
Distilled water 1000 ml

AP.1.2 M-17 Medium (pH 7.0 +0.1)

Tryptone 5.0g9
Peptone 509
Yeast extract 25¢g
Beef extract 50¢g
Lactose 509
Sodium$g-glycerophosphate 19.0g¢
Ascorbic acid 05¢g
Magnesium sulfate 0.25¢
Distilled water 1000 ml

AP.1.3 Skimmed Milk Broth (pH 6.8 +0.2 at 25 °C)

Skimmed milk powder 100.0g
Yeast extract 509
Glucose 50¢g
Distilled water 1000 mL
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Skimmed milk powder was dissolved in lukewarm wated filtered through moist

cotton and later other ingredients were added asenp to 1000 mL

AP.1.4 Brain Heart Infusion (BHI) Medium (pH 7.4 +0.2)

Infusion from Beef heart 250.0¢9
Infusion from Calf brain 200.0g
Dextrose 20g9
Dipotassium hydrogen phosphate 25¢g
Sodium chloride 50¢g
Peptone 10.0g
Distilled water 1000 ml

AP.1.5 MYP Agar Base(pH 7.2 +0.2 at 25 °C)

Beef Extract 10g9
Peptone 10.0g
D-Mannitol 10.0g
Sodium Chloride 10049
Phenol Red 25.0 mg
Agar 1509
Distilled water 1000 ml

Supplements: Egg Yolk Emulsion, 100 mL
Polymyxin B (50,000 Iu), 5 mL

AP.1.6 Macconkey Agar pH 7.1 + 0.2 at 25 2C)

Enzymatic digest of gelatin 1709
Enzymatic digest of casein 15¢g
Enzymatic digest of animal tissue 15¢
Sorbitol 10049
Bile salts mixture 15¢
Sodium chloride 59
Neutral red 0.003 g
Crystal voilet 0.001g
Agar 1359
Distilled water 1000 ml
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AP.1.7 Listeria Selective Agar(pH 7.3 +0.2 at 25 °C)

Appendix 1

Casein enzymic hydrolysate 17.0g
Papaic digest of soyabean meal 3.0¢9
Yeast extract 6.09
Sodium Chloride 50¢g
Dipotassium hydrogen phosphate 25¢g
Dextrose 25¢
Agar 1509
Distilled water 1000 ml
AP.1.8 Baird Parker Agar Base pH 7.0 +0.2 at 25 °C

Casein enzymic hydrolysate 10.0g
Meat extract B 5009
Yeast extract 10g
Glycine 12.0g
Sodium pyruvate 10.0g
Lighium chloride 25¢g
Agar 20.0¢g
Distilled water 1000 ml
AP.1.9 Phosphate Buffer (0.1 M PH 7)

0.5L OF 1M K2HPO4 AT 174.18G MOL-1 = 87.09G

0.5L OF 1M KH2PO4 AT 136.09G MOL-1 = 68.045G

Volume of 1 M K2HPO4 Volume of 1 NKH2PO4
61.5 mL 38.5mL

Total volume was made up to 1000 mL with distilledter (pH

7.0)
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AP.1.10 Phosphate Buffered Saline (PB$pH 7.0)

NacCl 8.00¢g
KCI 0.20 g
NaHP O, 1.15¢g
KH,PO, 0.20¢g
Distilled Water 1000 ml

AP.1.11 Peptone WatekpH 7.0)

Peptone 1g
Distilled Water 1000 ml

AP.1.12 Glycerol Stock Medium

Glycerol 40.0 ml

Distilled Water 60.0 ml

Sterilized by autoclaving. Glycerol stock addeeqgual amount to the culture in each

cryovial, at the time of preservation.

AP.1.13 Gram Stain (Hucker’s)
Crystal Reagents:

Solution A Solution B
Crystal violet (90%) (2 g) Ammonium oxalate (0.8 g)
Ethyl alcohol (95%) (20 mL) Distilled water (80 mL)

Mix solution A and B before using.

Gram’s lodine:

lodine lg
Potassium 29
Distilled Water 300 mL
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Ethyl Alcohol (95%)

Ethyl alcohol (100%) 95 mL
Distilled Water 5mL
Safranin:

Safaranin (2.5%) 25¢g
Ethyl alcohol (95%) 100 mL

10 mL of above solution was dissolved in 100 mldistilled water.
AP.1.14 Hydrogen Peroxide (3%)

Hydrogen peroxide (30%) 10 mL

Distilled Water 90 mL

AP.1.15 Sodium Hydroxide (0.1N)

Sodium hydroxide (NaOH) 49
Distilled Water 1000 mL
AP.1.16 Phenolphthalein Solution (0.5%)

Phenolpthalein 05¢g
Ethanol (50%) 100 mL
Normal Saline solution (0.85% Sodium Chloride)

Sodium Chloride (NaCl) 0.85 g
Distilled Water 100 mL

Above solution is autoclaved at 15Ibs for 20 misute
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AP.2.0 MOLECULAR REAGENTS AND BUFFERS
AP.2.1.0 Reagents for genomic DNA extraction

AP.2.1.1. TE Buffer

Tris (10mM) 0.1212 g
Di-Sodium EDTA (1mM) 0.0372 g
Deionized water 100 mi

All the components were dissolved in 80 ml of waded pH was adjusted to 8.0
(with 6N NaOH) and volume was made to 100 ml. Buffas autoclaved (121 °C /15

min) after preparation.
AP.2.1.2 Proteinase ‘K’

Weigh empty eppendrof, add approximately 20 mBroteinase ‘K’ and add 100

(2 ml) of TDW. Store in freezer after proper mixing

(1)  Stock sol. — 20 mg/ ml

(2)  Storage Tmp. - 2C

3) Concentration in reaction — 5@/ ml

4) Reaction buffer — 0.01 M Tris (pH — 7.8) 0.05 MER) 0.5% SDS
(5) Temperature — 37-56.

AP.2.1.3 SDS Solution (20%)

SDS 20 g

Deionized water 100 ml

Solution was autoclaved before use

AP.1.2.4 Chloroform: Isoamyl alchol (24:1)
Chloroform 96 mL

Isoamylalcohol 4 mL

Dissolve the solutions and store atzin brown bottle.
AP.1.2.5 70% ethanol

Ethanol 70 mL
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Distilled Water 30 mL
Dissolve the solutions and store at4

AP.1.2.6 95% ethanol

Ethanol 95 mL

Distilled Water 5mL

Dissolve the solutions and store at4
AP.1.2.7 Sodium Acetate (3M)

Sodium acetate 24.20¢g

Deionized Water 500 mL

Sodium acetate was dissolved in deionized wated (40) and pH was adjusted with
glacial acetic acid and final volume adjusted t® B0L with deionized water. The

solution was autoclaved before use.

AP.2.2.0 Reagents for PCR

AP.2.2.1 Reconstitution of dNTP’s
Working solution of dNTP mix with 10mM of each dNTRom 100mM of each
dNTP stock
10ul of each dNTP is taken and the volume is madeouf®opl i.e., 1Qul of dATP +
10 pl of dGTP + 10ul dCTP + 60pl of tdH,O. The effective concentration of each
dNTP becomes 10 mM in the mix.
ViN1 = V2N,
10 mM (10,00QuM) X V1 = 200uM X 25 ul (Final concentration should be 20M
of each dNTP in 5u)

X =0.5ul
200puM of each dNTP was used in a X @gbPCR reaction final volume.

AP.2.2.2 Primer reconstitution
From the stock of 10QM, working solution of 1QuM is prepared by taking fl of
stock in an eppendorf and making up the volumeltpl5in a PCR reaction of 2fl

reaction 0.5uM of primer is used.
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AP.2.3.0 Reagents for agarose gel electrophoresisDNA

AP.2.3.1 TAE Buffer (50 X) (Stock Solution)

Tris 24.20¢g
0.5 M Di-Sodium EDTA (pH 8.0) 10.00 ml
Glacial Acetic Acid 571 ml
Deionized Water 100 ml

pH of this solution was not adjusted. The soluti@as autoclaved at 12C /15min
Working Solution (1X)

Working solution was prepared by diluting 1 ml abck solution to 50 ml with

distilled water.

AP.2.3.2 Gel Loading Solution

Bromophenol Blue 0.05¢
Sucrose 40.00 g
Di-Sodium EDTA 3.72 9
SDS 0.50 g
Deionized Water 100 mi

AP.2.3.3 2.0% Agarose
Dissolve 2.0 g in 100 ml of TAE

AP.2.3.4 Ethidium bromide (EtBr):
Stock Solution (10 mg mtY):

Ethidium bromide (EtBr) was prepared as a stockitsml of 10 mg/ml in water,

stored at room temperature in screw cap tubes edappaluminium foil.
Working Solution (0.2 pg mif'):

The working solution was prepared by adding 20 fuktock solution to 1 L of

distilled water.
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AP.3.0. DETAILS OF 120 LACTOBACILLI

Appendix 3

ISOLATES OBTAINED FROM

TRADITIONALLY PREPARED CURD (DAHI) AT DIFFERENT GEO-
CLIMATIC CONDITIONS OF NEPAL.

Table AP.3.1 List of al theisolates, method of identification and name of the identified species

Bio Sampli . . .
N - ng | . reiminay Molecular identification by Name of identified
N. : identification using isolate
Code site
; e Lactobacillus
1 1 GHM RSA/ITS Species Specific PCR parabuchneri
; (e Lactobacillus
2 2 GHM RSA/ITS Species Specific PCR fermentum
; e Lactobacillus
3 3 GHM RSA/ITS Species Specific PCR fer mentum
4 4 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
5 5 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
; e Lactobacillus
6 6 BHL RSA/ITS Species Specific PCR T hamnosUS
; e Lactobacillus
7 7 BHL RSA/TS Species Specific PCR T hamMNoSUS
; (e Lactobacillus
8 8 BHL RSA/ITS Species Specific PCR T hamMNoSUS
; e Lactobacillus
9 9 BHL RSA/ITS Species Specific PCR rhamnosUS
10 10 GHL RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
11 11 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
12 12 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
13 13 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
; (e Lactobacillus
14 14 GHM RSA/ITS Species Specific PCR fermentum
15 15 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
; e Lactobacillus
16 16 GHM RSA/ITS Species Specific PCR fermentum
17 17 BHL RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
18 19 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
19 20 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
20 22 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
21 24 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
22 25 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
23 26 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
24 27 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
25 28 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
26 29 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
27 30 GHM RSA/ITS Species Specific PCR Lactobacillus
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rhamnosus
16 S Sequencing & Species Lactobacillus
Gl Il Bl RSANTS Specific PCR parabuchner
29 32 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
30 33 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
31 34 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
32 36 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
33 37 BHL RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
34 38 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
35 39 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
36 40 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
37 48 BHL RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
38 51 BHL RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
39 53 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
40 54 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
41 57 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
16 S Sequencing & Species Lactobacillus
B B RSANTS Specific PCR perabuichner
43 62 GHM RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
; s Lactobacillus
44 64 GHM RSA/ITS Species Specific PCR parabuchneri
45 65 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
46 66 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
47 67 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
48 68 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
49 69 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
50 70 GHM RSA/ITS Species Specific PCR Lactobacil I.us
paracasel
51 71 GHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
52 72 BHL RSA/ITS Species Specific PCR Lactobacillus
rhamnosus
; s Lactobacillus
53 74 RHL RSA/ITS Species Specific PCR delbr ueckii
; s Lactobacillus
54 75 RHL RSA/ITS Species Specific PCR delbrueckii
; e Lactobacillus
55 76 RHL RSA/ITS Species Specific PCR delbrueckii
; s Lactobacillus
56 77 RHL RSA/ITS Species Specific PCR delbr ueckii
; s Lactobacillus
57 79 RHM RSA/ITS Species Specific PCR delbr ueckii
; e Lactobacillus
58 80 RHM RSA/ITS Species Specific PCR delbrueckii
; s Lactobacillus
59 81 RHM RSA/ITS Species Specific PCR delbrueckii
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. & RHM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
o ” HM RSA/ITS Species Spedific PCR Lactobacil I.us
paracasel
o o HM RSA/ITS Species Spedific PCR Lactobacil I_us
paracasel
" o HM RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
. - Lactobacillus
64 86 RHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
65 87 RHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
66 88 RHM RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
67 89 RHM RSA/ITS Species Specific PCR delbrueckii
16 S Sequencing & Species Lactobacillus
68 9 | RHM RSANTS Specific PCR delbrueckii
. - Lactobacillus
69 91 RHM RSA/ITS Species Specific PCR delbrueckii
70 92 | RHM RSA/ITS 16 S Sequencing & Species Lactobacillus brevis
Specific PCR
16 S Sequencing & Species Lactobacillus
71 93 RHM RSA/ITS Specific PCR plantarum
72 | 9 | RHM RSA/ITS 16'S Sequencing & Species Lactobacillus
Specific PCR coryniformis
16 S Sequencing & Species Lactibacillus
73 95 RHL RSA/TS Specific PCR harbinensis
16 S Sequencing & Species Lactobacillus
74 98 RHL RSA/ITS Specific PCR fermentum
. - Lactobacillus
75 99 RHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
76 100 | RHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
77 101 RHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
78 102 RHL RSA/ITS Species Specific PCR delbrueckii
16 S Sequencing & Species Lactobacillus
. - Lactobacillus
80 104 RHL RSA/ITS Species Specific PCR helveticus
. - Lactobacillus
81 126 LHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
82 128 LHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
83 129 LHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
84 130 LHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
85 131 LHL RSA/ITS Species Specific PCR fermentum
o 1 m RSA/ITS Species Spedific PCR Lactobacil I.us
paracasel
o 12 L RSA/ITS Species Specific PCR Lactobacil I_us
paracasel
88 | 134 | LHL RSA/ITS 165 Sequencing & Species Lactobad e
Specific PCR paraf
. - Lactobacillus
89 135 BHL RSA/ITS Species Specific PCR delbrueckii
. - Lactobacillus
90 136 BHL RSA/ITS Species Specific PCR delbrueckii
. e Lactobacillus
91 138 BHL RSA/ITS Species Specific PCR delbrueckii
92 140 BHL RSA/ITS Species Specific PCR Lactobacillus
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fermentum
93 | 141 | BHL RSA/ITS 16S Segg:g?:g%g‘ﬁe"i es Lactobact lus
94 | 142 | BHL RSA/ITS Species Specific PCR Lg‘gltgrbf;:('i‘fs
95 | 143 | BHL RSA/ITS Species Spexific PCR ngg?j;:('ﬁs
9% | 144 | BHL RSA/ITS Species Specific PCR nggfj;:('ﬁs
o7 145 | BHL RSA/ITS Species Specific PCR L‘f"‘gﬁgﬂms
98 | 147 | BHL RSA/ITS Species Spexific PCR ngg?j;:('ﬁs
9 | 148 | BHL RSA/ITS Species Specific PCR Lactobaci s
100 | 149 | BHL RSA/ITS Species Specific PCR Lg‘gltgrbf;:('i‘fs
101 | 150 | BHL RSA/TS Species Specific PCR ngg?j;:('ﬁs
102 | 151 | BHL RSA/TS Species Specific PCR Lactobacilus
103 | 152 | BHL RSA/ITS Species Specific PCR Lg‘gltgrbf;:('i‘fs
104 | 154 | BHL RSA/TS Species Specific PCR ngg?j;:('ﬁs
105 | 155 | BHL RSA/TS Species Specific PCR ngg?j;:('ﬁs
106 | 157 | BHL RSA/ITS Species Specific PCR L‘f"‘gﬁg’ﬂms
107 | 158 | BHL RSA/ITS Species Specific PCR Lg‘ggf’j;:('i‘ijs
108 | 159 | BHL RSA/TS Species Specific PCR ngg?j;:('ﬁs
109 | 160 | BHL RSA/ITS Species Specific PCR L?‘gﬁgﬁfﬂms
110 | 161 | BHL RSA/ITS 16S Sesqr‘;eec'?ﬁg‘%g;ped es Lactobacillus
11 | 162 | BHL RSA/TS Species Specific PCR Lactobacilius
112 | 127a | LHL RSA/ITS 16S Sesqggcri‘ﬂé‘%g‘;ped & nggf’f;ui‘ijs
113 | 127b | LHL RSA/ITS Species Specific PCR Lj;tgrbj;:('i‘fs
114 | 139 | BHL RSA/TS Species Specific PCR Lactobacilus
115 | 146 | BHL RSA/ITS Species Specific PCR Lg‘gltgrbf;:('i‘fs
116 | 153a | BHL RSA/ITS Species Specific PCR Lj;tgrbj;:('i‘fs
117 | 153 | BHL RSA/TS Species Specific PCR Lactobacilus
118 | 156a | BHL RSA/ITS Species Specific PCR Lg‘gltgrbf;:('i‘fs
119 | 156b | BHL RSA/ITS Species Specific PCR Lj;tgrbj;:('i‘fs
120 | 52 | BHL RSA/ITS Species Specific PCR ;tha%zacﬂr'gf

NOTE: GHM = Gorkha district (Hilly region), BHL = Bhaktapur district (Hilly region), RHM =
Rasuwa district (Himalayan region), RHL = Rasuwa district (Himalayan region), LHL = Lalitpur
district (Hilly region), RSA = Ribosomal spacer analysis, ITS = Internal transcribed spacer region, PCR

= Polymerase chain reaction.
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AP.4.0. NULEOTIDE SEQUENCE AND GENBANK ACCESSION NUMBER

AP.4.1. 16S rRNA SEQUENCE and PHYLOGETIC TREE BASED ON 16S rRNA
SEQUENCE

>Seq 1 [ Lactobacillus parabuchneri NAST-GHM31, 16Sribosomal RNA gene, partial sequence

TGCAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGGGACGCGAGC
GGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGTCTGGGATACCACTTGGAA

ACAGGTGCTAATACCGGATAAGAAAGCAGATCGCATGATCAGCTTATAAAAGGCGGCGT
AAGCTGTCGCTATGGGATGGCCCCGCGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTAC
AGGCAATTGTTGCATAGT

>Seq 2 [Lactobacilllus parabuchneri NAST-BHL58], 16Sribosomal RNA gene, partial sequence
TGCAGTCGaACGCGTCTTGGTTATTGATGTTAAGTGCTTGCATTTAACTGATTTAACATT

GAGACGAGTGGCGAACTGGTGAGTAACACGTGGGTAACCTGCCCTTGAAGTAGGGGATA
ACACTTGGAAACAGGTGCTAATACCGTATAACAACCAAAACCACCTGGTTTTGGTTTAAA
AGATGGCTTCGGCTATCACTTTAGGATGGACCCGCGGCGTATTAGCTTGTTGGTAAGGTA
ACGGCCTACCAAGGCAATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGA
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACG
AAAGTCTGATGGAGCAACGCCGCGTGAGTGATGAAGGGTTTCGGCTCGTAAAACTCTGT
TGTTGGAGAAGAACAGGTGTGAGAGTAACTGTTCACATCTTGACGGTATCCAACCAGAA
AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAGGTCTGATGTGAAAGCCTTCGG
CTTAACCGGAGAAGTGCATCGGAAACCAGGAGAC

>Seq 3 [Lactobacillus brevis NAST-RHM92], 16Sribosomal RNA gene, partial sequence
TGCAAGTCGAACGAGCTTCCGTTGAATGACGTGCTTGCACTGATTTCAACAATGAAGCGA

GTGGCGAACTGGTGAGTAACACGTGGGAAATCTGCCCAGAAGCAGGGGATAACACTTGG
AAACAGGTGCTAATACCGTATAACAACAAAATCCGCATGGATTTTGTTTGAAAGGTGGCT
TCGGCTATCACTTCTGGATGATCCCGCGGCGTATTAGTTAGTTGGTGAGGTAAAGGCCCA
CCAAGACGATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGACA
CGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTG
ATGGAGCAATGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTAAAG
AAGAACACCTTTGAGAGTAACTGTTCAAGGGTTGACGGTATTTAACCAGAAAGCCACGG
CTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTG
GGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCTTCGGCTTAACCGG
AGAAGTGCATCGGAAACTGGGAGACTTGAGTGCAGAAGAGGACAGTGGA
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>Seq 4 [Lactobacillus coryniformis NAST-RHM94], 16Sribosomal RNA gene, partial sequence
TGCAGTCGACGCACTGACGTCGACCGAAGCTGCTTGCAGTGGACGTTGATTGACGTGAGT

GGCGGACGGGTGAGTAACACGTGGGTAACCTACCCTTAAGTGGGGGATAACATTTGGAA
ACAGATGCTAATACCGCATAACCATTCAGACCCATGGTCTGAATGAAAAAGGCTTTGGG
TGGCACTTTTGAACGGACCCGCGGCGTATTATTTAGTTGGTAAGGTAACGGCTTACCAAG
ACAATGAT

>Seq 5 [Lactobacillus harbinensis NAST-RHL95], 16S ribosomal RNA gene, partial sequence

TGCAGTCGAACGAGGTTTGGTCAGTTTGCGGTGGTGCTTGCATCACCAATTACCGATCAA
ACCGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTCAGCAGGGGATAACA
TTTGGAAACAGATGCTAATACCGTATAACCACGGAGACCGCATGGTCTCCGGGTAAAAG
ATGGCGCAAGCTATCACTGAAGGATGGACCCGCGGCGTATTAGCCAGTTGGTGGGGTAA
CGGCCTACCAAAGCGATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGAC
TGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGC
AAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTT
ATTGAAGAAGAACGTGTGTGACAGTAACTGGTCATGCAGTGACGGTATTCAATCAGAAA
GTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGG
ATTTATTGGGCGTAAAGCGAGTGCAGGCGGTCTTTTAAGTCTGATGTGAAAGCCTTCGGC
TTAACCGAAGAAGGGCATCGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAA
CTCCATGTGTAGCGGTG

>Seq 6 [Lactobacillus fermentum NAST-RHL98], 16Sribosomal RNA gene, partial sequence

TGCAGTCGACGCGTTGGCCCAATTGATTGATGGTGCTTGCACCTGATTGATTTTGGTCGC
CAACGAGTGGCGGACGGGTGAGTAACACGTAGGTAACCTGCCCAGAAGCGGGGGACAA
CATTTGGAAACAGATGCTAATACCGCATAACAACGTTGTTCGCATGAACAACGCTTAAA
AGATGGCTTCTCGCTATCACTTCTGGATGGACCTGCGGTGCATTAGCTTGTTGGTGGGGT
AACGGCCTACCAAGGCGATGATGCATAGCCGAGTTGAGAGACTGATCGGCCACAATGGG
ACTGAGACACGGCCCATACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGGC
GCAAGCCTGATGGAGCAACACCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTG
TTGTTAAAGAAGAACACGTATGAGAGTAACTGTTCATACGTTGACGGTATTTAACCAGAA
AGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCG
GATTTATTGGGCGTAAAGAGAGTGCAGGCG

>Seq 7 [Lactobacillus helveticus NAST-RHL103], 16Sribosomal RNA gene, partial sequence

TGCAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGGGACGCGAGC
GGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGTCTGGGATACCACTTGGAA
ACAGGTGCTAATACCGGATAAGAAAGCAGATCGCATGATCAGCTTATAAAAGGCGGCGT
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AAGCTGTCGCTATGGGATGGCCCCGCGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTAC
AGGCAATTGTTGCATAGT

>Seq 8 [Lactobacillus delbrueckii subsp. bulgaricus NAST-LHL127], 16S ribosomal RNA gene,

partial sequence

TGCAGTCGAGCGAGCTGAATTCAAAGATCCCTTCGGGGTGATTTGTTGGACGCTAGCGGC
GGATGGGTGAGTAACACGTGGGCAATCTGCCCTAAAGACTGGGATACCACTTGGAAACA
GGTGCTAATACCGGATAACAACATGAATCGCATGATTCAAGTTTGAAAGGCGGCGCAAG
CTGTCACTTTAGGATGAGCCCGCGGCGCATTAGCTAGTTGGTGGGGTAAAGGCCTACCAA
GGCAATGATGCGTAGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGC
CCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGG
AGCAACGCCGCGTGAGTGAAGAAGGTCTTCGGATCGTAAAGCTCTGTTGTTGGTGAAGA
AGGATAGAGGCAGTAACTGGTCTTTATTTGACGGTAATCAACCAGAAAGTCACGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCG
TAAAGCGAGCGCAGGCGGAATGATAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGA
ACTGCATCGGAAACTGTCATTCTTGAGT

>Seq 9 [Lactobacillus delbrueckii subsp. bulgaricus NAST- BHL141], 16S ribosomal RNA gene,

partial sequence

TGCAGTCGAGCGAGCTGATTCAAAGATCCCTTCGGGGTGATTTGTTGGACGCTAGCGGCG
GATGGGTGAGTAACACGTGGGCAATCTGCCCTAAAGACTGGGATACCACTTGGAAACAG
GTGCTAATACCGGATAACAACATGAATCGCATGATTCAAGTTTGAAAGGCGGCGCAAGC
TGTCACTTTAGGATGAGCCCGCGGCGCATTAGCTAGTTGGTGGGGTAAAGGCCTACCAA
GGCAATGATGCGTAGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGC
CCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGG
AGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTGGTGAAGA
AGGATAGAGGCAGTAACTGGTCTTTATTTGACGGTAATCAACCAGAAAGTCACGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCG
TAAAGCGAGCGCAGGCGGAATGATAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGA
ACTGCATCGGAAACTGTCATTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAG
CGGTGGAATGCGTAGATATATGGAA

>Seq 10 [Lactobacillus fermentum NAST-BHL161], 16Sribosomal RNA gene, partial sequence

TGCAGTCGACGCGTTGGCCCAATTGATTGATGGTGCTTGCACCTGATTGATTTTGGTCGC
CAACGAGTGGCGGACGGGTGAGTAACACGTAGGTAACCTGCCCAGAAGCGGGGGACAA
CATTTGGAAACAGATGCTAATACCGCATAACAACGTTGTTCGCATGAACAACGCTTAAA
AGATGGCTTCTCGCTATCACTTCTGGATGGACCTGCGGTGCATTAGCTTGTTGGTGGGGT
AACGGCCTACCAAGGCGATGATGCATAGCCGAGTTGAGAGACTGATCGGCCACAATGGG
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ACTGAGACACGGCCCATACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGGC
GCAAGCCTGATGGAGCAACACCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTG
TTGTTAAAGAAGAACACGTATGAGAGTAACTGTTCATACGTTGACGGTATTTAACCAGAA
AGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCG
GATTTATTGGGCGTAAAGAGAGTGCAGGCGGTTTTCTAAGTCTGATGTGAAAGCCTTCGG
CTTAACCGGAGAAGTGCATCGGAAACTGGATAACTTGAGTGCAGAAGAGGGTAG

>Seq 11 [Lactobacillus delbrueckii subsp. bulgaricus NAST-RHM91, 16S ribosomal RNA gene,

partial sequence

TGCAaGTCGAGCGAGCTGAATTCAAAGATCCCTTCGGGGTGATTTGTTGGACGCTAGCGG
CGGATGGGTGAGTAACACGTGGGCAATCTGCCCTAAAGACTGGGATACCACTTGGAAAC
AGGTGCTAATACCGGATAACAACATGAATCGCATGATTCAAGTTTGAAAGGCGGCGCAA
GCTGTCACTTTAGGATGAGCCCGCGGCGCATTAGCTAGTTGGTGGGGTAAAGGCCTACCA
AGGCAATGATGCGTAGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGG
CCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATG
GAGCAACGCCGCGTGAGTGAAGAAGGTCTTCGGATCGTAAAGCTCTGTTGTTGGTGAAG
AAGGATAGAGGCAGTAACTGGTCTTTATTTGACGGTAATCAACCAGAAAGTCACGGCTA
ACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGC
GTAAAGCGAGCGCAGGCGGAATGATAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGG
AACTGCATCGGAAACTGTCATTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTA
GCGGTGGAATGCGTAGATATATGGAA

>Seq 12 [Lactobacillus plantarum NAST- RHM93, 16Sribosomal RNA gene, partial sequence

TGCaAGTCGAACGAACTCTGGTATTGATTGGTGCTTGCATCATGATTTACATTTGAGTGAG
TGGCGAACTGGTGAGTAACACGTGGGAAACCTGCCCAGAAGCGGGGGATAACACCTGGA
AACAGATGCTAATACCGCATAACAACTTGGACCGCATGGTCCGAGTTTGAAAGATGGCT
TCGGCTATCACTTTTGGATGGTCCCGCGGCGTATTAGCTAGATGGTGAGGTAACGGCTCA
CCATGGCAATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGACA
CGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTAAAG
AAGAACATATCTGAGAGTAACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGG
CTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTG
GGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCTTCGGCTCAACCG
AAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGT
GTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGT
CTGTAACTGACGCTGAGGCTCGAAAGTATGGGTAGCAAACAGGATTAGATACCCTGGTA
GTCCATAC
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>Seq 13 [Lactobacillus paracasei NAST-LHL134, 16Sribosomal RNA gene, partial sequence

TGCaAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACATGGAACG
AGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATAACATTTG
GAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTCTTGGCTGAAAGATGG
CGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAATGGCT
CACCAAGGCGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTC
TGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGG
AGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGTGACGGTATCCAACCAGAAAGCCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTAT
TGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAACC
GAGGAAGCGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCAT
GTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTG
GTCTGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGG
TAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGA

AP.4.2. GENBANK ACCESSION NUMBERSFOR NUCLEOTIDE SEQUENCES

Bank|t1665181 Seq_1
Banklt1665181 Seq 2
Bank|t1665181 Seq 3
Bank|t1665181 Seq 4
Bank|t1665181 Seq 5
Bank|t1665181 Seq 6
Banklt1665181 Seq_7
Bank|t1665181 Seq 8
Bank|t1665181 Seq 9
Banklt1665181 Seq_10
Bank|t1665181 Seq 11
Bank|t1665181 Seq_12

BankIt1665181 Seq_13

KMO009071 Lactobacillus parabuchneri strain NAST-GHM 31
KMO009072 Lactobacillus parabuchneri strain NAST-BHL58
KMO009073 Lactobacillus brevis strain NAST-RHM 92
KMO009074 Lactobacillus coryniformis strain NAST-RHM94
KMO009075 Lactobacillus harbinensis strain NAST-RHL95
KMO009076 Lactobacillus fermentum strain NAST-RHL98
KMO009077 Lactobacillus helveticus strain NAST-RHL103
KMO009078 Lactobacillus delbrueckii strain NAST-LHL127
KMO009079 Lactobacillus delbrueckii strain NAST-BHL 141
KMO009080 Lactobacillus fermentum strain NAST-BHL 161
KMO009081 Lactobacillus delbrueckii strain NAST-RHM91
KMO009082 Lactobacillus plantarum strain NAST-RHM93

KMO009083 Lactobacillus paracasel strain NAST-LHL134
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AP.5.0 QUESTIONNAIRE DURING SAMPLE COLLECTION

KNOWLEDGE, ATTITUDES AND USAGE PATTERNS OF PROCESSED
AND FERMENTED DAIRY FOODS IN NEPAL

l. PERSONNEL INFORMATION OF THE RESPONDENT
INSTITUTION

1.1  Name of the District & VDC (Ward No. & House No.):

1.2  Name of Respondent: (Male/Female)

1.3 Designation (Education/others):

1.4 Contact Address:

« Telephone/Fax number:

< E-mail address:

. USES AND CHOICE OF FOOD
2.1 Do you think food and nutrition play great role for maintaining or
improving the human health?

i. YES ii) NO

2.2 Do you know that certain foods are health benig$?
i. YES i) NO

2.3 If yes what are they and what are health bené:
What you prefer more in your regular diet?

i. Cereals
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ii.  Vegetables

iii. Fruits

iv.  Herbal Drinks

v. Functional Foods
vi. Others:

2.4 What is the general trend you include fermentefbod in your dairy habit/you
use prefer fermented food during:

i) Breakfast i) Launch i) Dinner iv) Others

2.5 How long have you been using fermented food?
......... (Tentative years ago or around).

2.6 Do the health workers/persons (medical persodpctors) suggest/recommend
you to use probiotic foods (dairy products) after atibiotic treatment or
antibiotic associated diarrhea?

i. YES ii) NO

II. INDIGENOUS BIOTECHNOLOGICAL PRODUCTS BEING
DEVELOPED/USED IN YOUR HOUSE/VILLAGE/CITY.

3.1 List of traditional fermented products:

SN Types of products Traditional Name of | Source of Technology
"7 | being developed the Products organisms/startey Local/National/Foreign
Local General | culture
Name Name
Gundruk
1.
2 Masaura
3 Aachar(Pickles)
4 Sukuti
5 Mushroom
6 Raksi (Alcoholic)
7 Jand (Alcoholic)
8. Milk
9. Curd
10. Butter (Nauni)
11. Ghee
12. Yogurt (Mohi)
13, Cheese
14. Churpi
15. Chheau (Mushroom)
16. Others
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3.2  Please list the Biotechnology related facilities igour VDC/House for
production of the fermented foods.

S.N. | Infrastructure (Laboratory Equipment (pleasq Information/Library (Internet,
space, growth rooms, glass | mention the list) books, journal facilities)
house etc.)

© N o g ik W IN e

V. IMPACTS OF FERMENTED FOODS ON HUMAN HEALTH:

4.1 Do you know about the positive impacts of the fermeed foods?
i) YES i) NO

4.2  If yes what is your opinion:

In your opinion, do you think fermented foods mn@ortant?
i. YES i) NO

What is the importance of the fermented foods?

i.  Nutritious
ii.  Medical values
ii.  Taste
iv.  Refreshing
v. Storage for future use
vi.  Source of Income
vii.  Others:

4.3 DO Most of the family members prefer using fermentd foods?
i. YES i) NO

4.3.1 IF yes what sort of the fermented food they prefere:

I.  Dairy

ii. Vegetables/Leaf
ii.  Cereal grains (alcoholic)
iv.  Fruits (alcoholic)
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V. Meat
vi. Others:

4.3.2 In dairy fermented food what do you prefere?

i.  Milk
i. Curd
iii.  Whey (Yoghurt/Mohi)
iv.  Butter
v. Cheese
vi. Khuwa
vii.  Others:

4.4 Who usually is involved in processing/making/prepang the fermented
foods?

i) House wife ii) House guardian/man iii) Childrerv) Other

4.5 Do guardian advice the use of dairy fermented foo®s

45.1 What, usually, a quardian (mothers) advice forube of the fermented foods?

i. YES ii) NO

4.5.1.1IF YES what are the dairy foods suggested to use:

i.  Milk
ii.  Curd/Yogurt/Mohi
iii. Cheese
iv.  Panir
v. Butter
vi. Sweets
vii.  Others:

4.6  The dairy fermented food you use ..................... ?
i) Homemade i) Commercial

4.6.1 If commercial what is the monthly expense you mfakeéhe consumption of
the dairy fermented foods?

4.7 Do you know about the negative impacts of the fernmed foods?
i. YES i) NO

4.7.1 If yes, please specify from following options
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I.  Bacterial (please specify the origin)
i.  Fungal (please specify the origin)
ii.  Viral (please specify the origin)
iv. Hazardous chemicals (please specify the chemieal)us.............
v. Epidemiological studies carried out by your ingtdn (please specify the

FIEIA) vvv oo
vi.  Others if any

4.8  Are you incorporating Good Handling Practice (GHP/GVIP) in your
house/industry for the production of the fermentedfoods?

) YES. oo i) NO e,

4.9 What safety measures are being undertaken to dealith above mentioned
infectious or hazardous chemicals in your house/oggization?

i.  Boailing

ii.  Drying

iii.  Smoking

Iv.  Incineration

v. Autoclaving

vi. Hazardous waste disposal
vii.  Laboratory isolation
viii.  Activities for human safety

iXx.  Activities for environmental safety
X.  Any other (please specify):

V. PRIORITY AREAS FOR YOUR VDC IS FERMENTED PRODUCTS
OR NOT

5.1 In your opinion, which factors are responsible forleast development and
commercialization of traditional fermented products (Biotechnology/modern
biotechnology in Food/Industrial sector) of Nepal?Please tick appropriate
opinion from following:

I.Government least priority
ii.Lack of adequate funding in training and R&D
iii.Lack of skilled human resources
iv.Inadequate Government budget in Food and Indligrotechnology R&D
v.Lack of national commitment
vi.Lack of adequate training opportunities
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vii.Biotechnology being ignored field in Nepal

viii.Highly sophisticated and advanced technologyleast paid human resources
ix.Lack of Business Investment
x.Lack of Information Resources/Documentation syste

xi.Others if any:

5.2  State the most relevant steps to be taken to addsethe concerns you
described above (What you think should be done tanbance the
commercialization of the fermented foods).

5.3 What information regarding Biotechnology has yourown
house/VDCl/institution developed?

I.  Techniques
ii.  Modified products
iii.  Publications
iv.  Website
v. Databases
vi.  Newsletters
vi. Othersifany: .............cooeiiiiiiinnn.

VI.  EXISTING BIOTECHNOLOGY RELATED EXPERTS/EXPERTISE
6.1 Total number of Employees (Technical)

6.2  Number of Expert in food/industrial biotechnologicd fields: (Please
further specify subject qualification and expertisg.

A. Human Resource (HR) available in the Institute/Bidu

S.N. | Training/Degree Specialization] Degree (National/Internationa

)

1.

2.

6.3 Is your House/VDC/Industry currently provided helps/funds from
various Organizations?

If yes please provide details:

A. Current/On-going commercial producer/industriethmfield of Fermented
food production
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S.N.| Name of In house Duration of | Incharge/Supervisor Technology
the Project/Collaborative | the Project Developed for
Product transfer
1.
2.
3.
4,

6.4  Please provide the list of present/past projects fdermented foods being
produced:

6.5 Do you have action plans developed for any of youmotechnological
projects/or action plans developed at national leve

) YES .o OFI)NO

If yes, could you provide a copy of it for our reface?

6.6 Please name relevant experts and expertise if aiythe field of socio-
economic impact assessment of Biotechnology/moddsiotechnology related
projects in Food/Industrial Sector.

i.
ii.
iii.
V.

VIl.  BIOTECHNOLOGY/MODERN BIOTECHNOLOGY
INFRASTRUCTURE FACILITIES

7.1  Characterization of Institution: Please tick the agpropriate option:

i.  Food Biotechnological R&D
ii.  Modern Food Biotechnological R&D (Genetic EnginagriMolecular
Diagnostic, Genomics, Proteomics, Bioinformatics)
ii.  Food Biotechnological Business (raw material orcpssed)
iv.  Pharmaceutical Biotechnological Business (raw ndter processed)
v. Industrial Biotechnological Business
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Vi.

7.2

used in your Institution:

Any other, please specify:

Appendix 5

Biotechnological products being produced /techniqusproducts being

S.N. | Biotechnological Types of products being Annual Business Status
Industry developed production (Annual
Transaction)

1.

2.

3.

4,

5.

VIIl.  ANYTHING YOU WOULD LIKE TO

COMMENT/ADD/SUGGEST/HIGHLIGHT
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International Journal Articles (published and under publication)

1.
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(2015) Melting curve analysis of a groEL PCR fragini@r the rapid genotyping
of strains belonging to thieactobacillus casel group of speciedMicrobiological
Research. 173: 50-58.

In vitro probiotic properties of lactobacilli isolated frotraditional Nepalese
fermentedDahi. (Manuscript in Preparation).

Optimization of culture conditions and sugar uétion study for indigenous lactic
cultures. Manuscript in Preparation).

Preparation of indigenous fermented probi@&hi using a novel lactic culture:
Lactobacillus helveticus NAST-RHL103. Manuscript in Preparation).

I nter national Conferences/Poster s/Proceedings

1.

Koirala R., Shrestha S & Malla R., (2012). Isolation and &bollar
characterization of Probiotic Microorganisms fromaily Products of Nepal.
Poster Presentation and Abstract Publication icé&dings of The Sixth National
Conference on Science and Technology, Sept 252(12

Koirala R., Shrestha S., Guglielmetti S., Ricci G., Vijayem&.V.N., Varadaraj
M.C. & Malla R. (2013). Prevalence of probiotic talsacilli in dahi prepared at
different geo-climatic conditions of Nepal. In: Bemdings of ¥ International
Food Convention NSURE-Healthy Foods, December 18013 CSIR-CFTRI,

Mysore, India.
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Koirala R., Shrestha S & Malla R. (2015). Probiotic attrdmitof lactobacilli
isolated from NepalesBahi. Poster presentation during World DNA™®ay
2015 at Nepal Academy of Science and Technology SNA Khumaltar,
Lalitpur, Nepal.

Awards and Achievements

1.

NAST-Universities Collaborative PhD Fellowship {20ay 2010 — 28 May
2015).

Indian National Science Academy (INSA) Fellow undld6SA-NAST Exchange
of Scientist Programme, India"{®&lovember 2011 to"5February 2013).

Erasmus Mundus Europe Asia (EMEA) Doctoral Felloywskniversity of Milan
coordinated by Lund University Sweden {18eptember 2012 to 14une 2013).
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Best Poster Award during™7International Food Convention NSuRE-Healthy
Foods, December 18-21, 2013 CSIR-CFTRI, Mysordalnd

PhD coursewor k/Trainings/Participation in Conferences

1.

Participation in International Conference BiodivrsLivelyhood and Climate
Change in the Himalayas, 12-14 December 2010, Katialon, Nepal.

. Participation in International Conference on Fumwl Dairy Foods (ICFDC),

Nov. 16-19, 2011, Karnal, India.

Participation in R&D Project Formulatin and Evaioat October 5-7, 2012 in
Nepal Academy of Science and Technology, Khumakditpur.

Participation in 2 International Symposium on Biotechnology Education
Research & Industrialization, 99 30" June, 2010 in WhiteHouse Institute of
Science and Technology, Khumaltar, Lalitpur.

Training Course on Design and Analysis of Experiteebdsing Statistics Wisely
organized by the Faculty of Sciences of NAST. 2 4s1@010.
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Abstract Dairy products are an important part of daily food in the Himalayan country
of Nepal. A wide variety of traditional fermented milk products are obtained in relation
to different geo-climatic conditions of the country and different ethnic groups. Locally
called Dahi is the most popular product, but little data are available on the autochtho-
nous lactic acid bacteria (LAB) characterizing this yogurt-like product. Thirty-two
replicate samples of indigenous Dahi were collected from four districts of Nepal at
different altitude. In total of 193 isolates were obtained. Of these, the 120 rod-shaped
isolates representing the dominant LAB population (62%) were further identified at the
species level by using internal transcribed spacers (ITS) amplification, 16S rRNA gene
sequence determination, and species-specific PCR. A further characterization at the
strain level was carried out by combining analysis of repetitive elements and randomly
amplified polymorphic DNA (RAPD) typing. Based on these analyses, the isolates
were grouped in ten different species, among which Lactobacillus delbrueckii subsp.
bulgaricus, L. paracasei, and L. rhamnosus represented the dominant species. A high
degree of intraspecies diversity was also observed for all Lactobacillus species, except
for L. rhamnosus isolates, which proved to give a single typing profile. Bacterial
isolates represent a source of novel potential probiotics and starter cultures. The strain
collection obtained from this study is a first step in the preservation of the natural
biodiversity of bacterial population of the traditional Nepalese fermented Dahi.
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1 Introduction

Over the past few years, the microbiological characteristics of traditional fermented
milk products have been studied in many countries, and original collections of lactic
acid bacteria (LAB) have been constituted (Yu et al. 2011; Bao et al. 2012). They
represent an important tool both for preserving the rich microbial biodiversity that
characterizes naturally fermented food and for obtaining new cultures. It is known that
traditional fermented foods have unique and different microbial populations dependent
on the production technology as well as on the environmental characteristics of the
localities where they have been produced (Leroy and DeVuyst 2004; Colombo et al.
2009). Moreover, many reports have shown that artisanal dairy products can represent
interesting sources for the isolation of bacterial strains with useful probiotic traits
(Heller et al. 2003; Taverniti and Guglielmetti 2010).

Dairy products are an important part of daily food intake in the Himalayan country
of Nepal. As a consequence of different geo-climatic conditions of the country and of
the diversity of ethnic groups, a wide variety of traditional fermented milk products are
produced and consumed. Their local names are Dahi (curd), Mohi (buttermilk), Ghiu
(butter), and Chhurpi (dried cheese). These products are made with milk from different
animals that are reared in the different geographical regions for dairy production, such
as cow and buffalo are reared in the Terai and Hilly regions (from 100 to 3,000 m)
whereas yak and chauri at high altitudes (>3,000 m) in the Himalayan region.

Locally called Dahi (curd) is the most indigenous and popular product of Nepal. It is
a yogurt-like product prepared in different parts of the country and used as either
nutritional food, appetizer, or dessert, as well as for the preparation of other ethnic dairy
fermented products, as Ghiu, Mohi, and soft Chhurpi (Tamang 2010). There are
different conventional methods for the preparation of Dahi, comprising the use of
starter cultures, even though this is not a routine practice. In most cases, Dahi is
traditionally made at household level, without starter cultures but using a portion of
previously produced Dahi or Mahi or cream as inoculum. Usually, after heating or
boiling, the milk is cooled to 30—40 °C and then transferred to a wooden (locally named
“Theki”) vessel, where it is left overnight at 25-30 °C. Fermentation is carried out
spontaneously by natural microbiota of the milk, along with the microorganisms that
persist on the surface of vessels and in the processing environment. In the Terai region
and some Hilly regions, earthenware pots (natural red clay pot locally called “maato ko
kataaro”) are more common. These pots have a porous surface, so moisture is absorbed
by the container especially when the Dahi tends to exude some whey and also gives a
“muddy” flavor and a thicker texture. This vessel is wrapped in cloth, in hay, in
sawdust, or put in a straw box to maintain the suitable temperature for the souring
and coagulation processes. This step is the most difficult to achieve in the regions of
Nepal at high altitudes (>3,500 m), with consequent problems related to slow acidifi-
cation and delay in coagulation. In Nepal, the traditional Dahi can also be obtained by a
semi-continuous method. Boiled and cooled milk, inoculated with an indigenous
natural starter culture (in many cases, previously made Dahi), is put in the container,
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which is covered with clothes and kept warm. The next day, a further quantity of
cooled boiled milk is added and the fermentation goes on. This topping up with
cooled boiled milk is repeated daily until the container is full. After the last
incubation, the Dahi may be either used for consumption or churned to obtain
butter or other dairy products.

The present study aimed to isolate and identify the natural dominant lactobacilli in
traditional Dahi of the Hilly and Himalayan regions of Nepal, by using phenotypic and
molecular methods, with the final purpose of obtaining novel probiotic or starter culture
candidates. To our knowledge, no similar investigation on this ethnic fermented product
has been carried out so far.

2 Materials and methods
2.1 Collection of samples

A total of 32 replicate samples (altogether 64) of traditional fermented Dahi were
collected from four districts, viz. Bhaktapur, Gorkha, Lalitpur, and Rasuwa. These
districts lie in the Hilly (HL) and Himalayan (HM) regions, according to the geograph-
ical map of Nepal. Stratification of sampling sites were done based on total number of
districts in each region, and proportional random sampling method was followed for
sample collection. The collected samples were transported to the laboratory under
refrigerated conditions (4 °C) and subjected to microbiological analysis within the
following 24 h.

2.2 Isolation, enumeration, and phenotypic characterization

Samples (10 g each) were homogenized in 90 mL of 0.85% (w/v) sterile saline solution
in a Vortex (Rexmed, Taiwan); serially diluted in the same diluents; plated in duplicate
on de Man, Rogosa, and Sharpe (MRS) (Difco, Detroit, MI, USA); and incubated at
37 °C for 48 h. After incubation and counting, colonies were all picked up when they
not exceeded the number of ten colonies per plate, otherwise they were selected
randomly. Purity of the isolates was checked by streaking several times and
subculturing on fresh MRS agar, as well as MRS broth, followed by microscopic
examination. Isolates were Gram-stained and tested for catalase production. Identified
isolates of LAB were preserved in MRS broth containing 25% (w/v) glycerol, at
=20 °C.

2.3 Genotypic identification

Genomic DNA for all PCR reactions was extracted from a 100 pL of an overnight
culture diluted with 300 pL of TE buffer (10 mmol.L™" Tris-HCI, 1 mmol.L™
Na,EDTA, pH 8.0) as previously described (Mora et al. 2000). The DNA sequences
for the primers used in this study, their corresponding specificities, and the thermal
cycle parameters employed are reported in Table 1. PCR reactions were performed in a
25 pL reaction mixture containing 100 ng bacterial DNA, 2.5 pL 10Xreaction buffer
Dream TaqTM (Fermentas, Vilnius, Lithuania), 200 umol.L_1 of each dANTP,
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Lactobacilli isolated from traditional Dahi 401

0.5 mmol.L™" MgCl,, 0.5 umol.L™" each primer, and 0.5 U Dream Taq™ DNA
polymerase. Amplifications were carried out using a PCR-Mastercycler 96 (Eppendorf,
Milan, Italy). Amplification products were electrophoresed in 1.5-2.5% (w/v) agarose
gel (with 0.2 pg.mL™" of ethidium bromide) in 1x TAE buffer (40 mmol.L™" Tris-
acetate, | mmol.L™" EDTA, pH 8.0) and photographed. A GeneRuler DNA ladder mix
(Fermentas) was used as a size marker.

The 16S ribosomal RNA (rRNA) gene was amplified by PCR, using primers PO (5'-
GAAGAGTTTGATCCTGGCTCAG-3') and P6 (5'-CTACGGCTACCTTGTTACGA-
3"). The PCR mixtures were subjected to the following thermal cycling: 2 min at 94 °C,
then 35 cycles of 45 s at 94 °C, 45 s at 55 °C, 1 min at 72 °C, followed by a 7-min final
extension at 72 °C. UltraClean PCR Clean-Up Kit (MoBio, Cabru s.a.s, Arcore, Italy)
was used to purify PCR products that were sequenced. A 500 bp portion of the 16S
rRNA gene was sequenced for representative isolates. Sequencing reactions were
performed using primer pA (5-AGAGTTTGATCCTGGCTCAG; nucleotides eight
to 28 of the 16S rRNA gene of Escherichia coli), which allowed to obtain the sequence
of variable regions V1, V2, and V3 (Edwards et al. 1989). The BLAST algorithm was
used to determine the most related sequence relatives in the NCBI nucleotide sequence
database (http://www.ncbi.nlm.nih.gov/blast). The taxonomic differentiation of L.
paracasei and L. rhamnosus was obtained employing species-specific probes as de-
scribed by Ward and Timmins (1999) (Table 1). The assignment of all Lactobacillus
delbrueckii isolates to a precise subspecies was obtained through an intraspecies-
specific PCR analysis according to Torriani et al. (1999) (Table 1).

2.4 Genetic typing of bacterial isolates

Genetic fingerprinting was carried out by combined repetitive extragenic palyndromic
PCR typing technique (REP-PCR) using primers (GTG)5 (5-GTGGTGGTGGTGGT
G-3'; annealing temperature (7;,)=42 °C) and BOXAIR (5'-CTACGGCAAGGCGA
CGCTGACG-3'; T,=48 °C) (Guglielmetti et al. 2008) and random amplification of
polymorphic DNA-PCR (RAPD) typing with primers M13 (5-GAGGGTGGCGGT
TCT-3"; 7,=38 °C), AP02 (5'-AGTCAGCCAC-3"; T,=32 °C), OPI17 (5-CGAGGG
TGGTGATG-3"; T,=46 °C), OPI02 (5'-GCTCGGAGGAGAGG-3'; T,=48 °C), and
1254 (5'-CCGCAGCCAA-3"; T,=33 °C) (Torriani et al. 1999; Mora et al. 2000;
Rossetti and Giraffa 2005). An amplification protocol of 35 cycles was used. The
PCR products were separated by electrophoresis and photographed. Banding pattern
similarity was evaluated by construction of dendrograms using the NTSY Spc software,
version 2.11 (Applied Biostatics Inc., Port Jefferson, NY, USA), employing the Jaccard
similarity coefficient. A dendrogram was deduced from a similarity matrix using the
unweighted pair group method with arithmetic average (UPGMA) clustering algorithm.
The faithfulness of the cluster analysis was estimated by calculating the coefficient
correlation value for each dendrogram.

3 Results and discussion

All samples were from indigenous Dahi products obtained by traditional methods from
different geographical regions. The viable mesophilic counts of LAB on MRS varied in
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the range of 6.3 to 10.4 log;oCFU g' (Table 2). The samples of Dahi produced in the
Lalitpur and Bhaktapur districts showed higher LAB count than the samples of Dahi
produced in Gorkha district. Two hundred and five bacterial isolates were collected;
among them, 193 isolates were considered as presumptive LAB by their positive Gram
reaction, absence of catalase, and lack of mobility. The majority of isolates were rod
shaped (120 isolates) and, therefore, plausibly belonging to the genus Lactobacillus;
the remaining were cocci (73 isolates). Other reports also showed the dominance of
lactobacilli in traditional dairy products of the Himalayan region (Tamang et al. 2000;
Dewan and Tamang 2007).

The identification and characterization of autochthonous Lactobacillus strains are
important for understanding their contribution to the sensorial characteristics of the
final product and for providing new strains to be used as industrial starters. The genus
Lactobacillus, in fact, has a dominant role over other bacterial genera in food fermen-
tation technologies (e.g., L. delbrueckii, L. helveticus, L. plantarum) and probiotic
applications (e.g., L. paracasei, L. rhamnosus). For these reasons, the 120 rod-shaped
isolates were selected for further studies.

At first, the 120 Lactobacillus isolates were submitted to molecular analysis for their
identification at species level. To this aim, the isolates were clustered in nine groups
according to electrophoretic profiles obtained by PCR amplification of the 16S-23S
rRNA spacer region (ITS) (Fig. 1). The taxonomic identification was then reached by
16S rRNA gene sequencing of representative isolates for each cluster and confirmed by
species-specific amplifications of all strains belonging to the same cluster. For the
majority of the groups, the ITS profile was characteristic of one Lactobacillus species
with the exception of cluster 2, which included two related species, L. paracasei and
L. rhamnosus. The taxonomic differentiation of L. paracasei and L. rhamnosus was
obtained employing species-specific probes. Finally, an intraspecies-specific PCR
analysis (Torriani et al. 1999) allowed the assignment of all L. delbrueckii isolates
(cluster 1) to a precise subspecies.

Based on these analyses, the 120 isolates were classified as belonging to ten different
species (Table 3): L. delbrueckii subsp. bulgaricus (46 isolates, ITS cluster 1),
L. paracasei (30 isolates, cluster 2), L. rhamnosus (21 isolates, cluster 2),
L. fermentum (12 isolates, cluster 3), L. parabuchneri (5 isolates, cluster 4),
L. helveticus (2 isolates, cluster 5), L. coryniformis (1 isolate, cluster 6),

Table 2 Sampling location and enumeration of lactic acid bacteria (LAB) isolated from indigenous Dahi

No. of samples Sampling location in Nepal LAB counts on MRS at 37 °C
[logioCFU g ']
District Region Altitude (m) Milk from Range Average
8 Gorkha Himalayan 3,615-3,791 Cow 6.3-8.1 7.94+0.90
4 Rasuwa Himalayan 3,017-3,977 Chauri 6.9-8.2 7.85+0.72
7 Rasuwa  Hilly 1,717-1,731 Buftalo 7294 7.88+0.35
4 Lalitpur ~ Hilly 1,330-1,366 Buffalo 9.2-10.4 9.25+1.20
9 Bhaktapur Hilly 1,342-1,357 Cow and buffalo 7.3-8.4 8.10+0.80

INRA

SCIENCE & IMPACT

@ Springer



Lactobacilli isolated from traditional Dahi

403

Fig. 1 ITS profiles obtained from representative lactobacilli isolates from traditional Dahi samples. M

molecular weight

Table 3 Distribution of lactobacilli isolated from indigenous Dahi samples

Species No. of isolates (%)  Samples
Gorkha-  Rasuwa-  Rasuwa-  Lalitpur-  Bhaktapur-
HM HM HL HL HL
L. delbrueckii 46 (38) - 7 10 6 23
subsp. bulgaricus
L. paracasei 30 (25) 23 4 - 3 -
L. rhamnosus 21 (18) 12 - - - 9
L. fermentum 12 (10) 4 - 1 1 6
L. parabuchneri 54 3 - - - 2
L. helveticus 2 (1.7) - - 2 - -
L. brevis 1(0.8) - 1 - - -
L. coryniformis 1 (0.8) - 1 - - -
L. harbinensis 1 (0.8) - - 1 - -
L. plantarum 1(0.8) - 1 - - -
Total 120 42 14 14 10 40
HM Himalayan region, HL Hilly region
IN?A @ Springer
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Fig. 2 Relative distribution of the Lactobacillus species identified in Dahi samples according to the
geographical origin

L. harbinensis (1 isolate, cluster 7), L. brevis (1 isolate, cluster 8), and L. plantarum (1
isolate, cluster 9).

According to our data, the homofermentative L. delbrueckii subsp. bulgaricus can
be considered as one of the dominant lactobacilli in Dahi products. It accounted for
38% of the total isolates and was the predominant Lactobacillus population in the
majority of the samples. The isolation of L. delbrueckii from the traditional Dahi was
previously reported (Dellaglio et al., 2005; Watanabe et al., 2009). Particularly,
L. delbrueckii subsp. bulgaricus was shown as the most abundant LAB species also
in market Dahi products from Pakistan (Soomro and Masud 2007). Also the species
L. casei or L. paracasei was already reported as a dominant group of lactobacilli in
Dahi (Dewan and Tamang 2007; Soomro and Masud 2007). Particularly, we observed
that the facultative heterofermentative L. paracasei (accounting for 25% of the total
isolates) characterizes samples of Dahi produced in the Gorkha district. In general, we
found a clearly different distribution of lactobacilli in the diverse dairy samples, which
can be explained by the well-known importance of the environment on the relative
distribution of different bacterial groups in the microbial ecosystems. Thus, animal
origin of the milk, altitude, different technical conditions of product preparation, and
any potential factor determining temperature shifts could have affected the bacterial
competition during fermentation process.

The other most abundant lactobacilli resulted L. rhamnosus (18% of isolates) and
L. fermentum (10%), two species that were reported to be isolated from Dahi only in

Fig. 3 Unweighted pair group method using average linkages (UPGMA) dendrogram derived from similarity P
coefficients calculated by the Jaccard method (simple Jaccard (Sj) coefficients; shown on the scale at the
bottom), showing the relationship among isolates, analyzed by RAPD and REP-PCR. Samples with a
similarity coefficient higher than 0.9 (vertical line) have been included in the same genotype. a Lactobacillus
delbrueckii subsp. bulgaricus isolates using combined OPI17, OPI02, and M13 fingerprints. b Lactobacillus
paracasei isolates using combined 1254, M13, BOXAIR, and (GTG)5 fingerprints. ¢ Lactobacillus
fermentum isolates using combined OPI17, 1254, and M 13 fingerprints. Origin of the isolates: LHL Lalitpur,
HL; BHL Bhaktapur, HL; RHL Rasuwa, HL; RHM Rasuwa, HM; GHM Gorkha, HM
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a  Lactobacillus delbrueckii subsp. bulgaricus (matrix correlation: r = 0.94)
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C Lactobacillus fermentum (matrix correlation: r = 0.94)
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Fig. 3 (continued)

another published study, in which, however, the identification was based exclusively on
sugar fermentation patterns (Bhardwaj et al., 2012).

In addition, a few other Lactobacillus species were found at very low frequency in
some samples (Table 3; Fig. 2). Reportedly, also several other Lactobacillus species
have been identified in traditional fermented Dahi, such as L. bifermentans and
L. alimentarius (Dewan and Tamang 2007). Our study indicates that the Himalayan
ethnic fermented milk products are a rich source of different lactobacilli confirming
previous results (Satish Kumar et al., 2013).

The technological properties and the probiotic potential of microorganisms are
markedly strain specific; for this reason, we undertook the molecular fingerprinting
of the main Lactobacillus species characterizing the traditional Dahi samples using
RAPD and REP-PCR, which are techniques possessing intraspecies discriminatory
power (Fig. 3). Notably, this analysis revealed that L. vhamnosus isolates, although
originating from samples collected from different geographical regions, had
identical/monomorphic fingerprints with all the tested primers. On the contrary,
L. delbrueckii subsp. bulgaricus, L. paracasei, and L. fermentum isolates showed a
high degree of biodiversity at the strain level. More specifically, the cluster analysis
resulting from the combined patterns of the different primer sets revealed that most
of the profiles within each species were unique (Fig. 3). Considering that techno-
logical and probiotic features of microorganisms are strain specific, this result is of
interest in light of the possibility to select new potential probiotic strains or starter
cultures to be used at industrial level.

INRA

SCIENCE & IMPACT

@ Springer



Lactobacilli isolated from traditional Dahi 407

4 Conclusion

The main aim of the present study was to isolate and genetically characterize the
dominant lactobacilli in traditional Dahi collected from the different geographical
regions of Nepal. The results obtained during this study highlight that rod-shaped
bacteria were the dominant LAB population in traditional Nepalese Dahi samples
(62% over 38% cocci). Within rod-shaped LAB, a wide diversity of Lactobacillus
species was found, confirming that home-made traditional fermented products are a
natural rich source of novel Lactobacillus strains. Among the identified isolates, there
are species that have a known history of safe use and health-promoting attitude, such as
L. paracasei and L. rhamnosus. The new Nepalese isolates of these species may
provide a useful resource for further studies involving the selection of new cultures
with potential novel probiotic characteristics. Furthermore, the strain collection obtain-
ed from this study represents a first step in the preservation of the natural biodiversity of
bacterial population of the traditional Nepalese fermented Dahi.
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ABSTRACT

Lactobacillus casei group (Lcs) consists of three phylogenetically closely related species (L. casei, L. para-
casei, and L. rhamnosus), which are widely used in the dairy and probiotic industrial sectors. Strategies to
easily and rapidly characterize Lcs are therefore of interest. To this aim, we developed a method according
to a technique known as high resolution melting analysis (HRMa), which was applied to a 150 bp groEL
gene fragment. The analysis was performed on 53 Lcs strains and 29 strains representatives of species
that are commonly present in dairy and probiotic products and can be most probably co-isolated with Lcs
strains. DNA amplification was obtained only from Lcs strains, demonstrating the specificity of the groEL
primers designed in this study. The HRMa clustered Lcs strains in three groups that exactly corresponded
to the species of the L. casei group. A following HRMa separated the 39 L. paracasei strains in two well
distinct intraspecific groups, indicating the possible existence of at least two distinct genotypes inside
the species. Nonetheless, the phenotypic characterization demonstrated that the genotypes do not corre-
spond to the two L. paracasei subspecies, namely paracasei and tolerans. In conclusion, the melting curve
analysis developed in this study is demonstrably a simple, labor-saving, and rapid strategy obtain the
genotyping of a bacterial isolate and simultaneously potentially confirm its affiliation to the L. casei group
of species. The application of this method to a larger collection of strains may validate the possibility to
use the proposed HRMa protocol for the taxonomic discrimination of L. casei group of species. In gen-
eral, this study suggests that HRMa can be a suitable technique for the genetic typization of Lactobacillus
strains.

© 2015 Elsevier GmbH. All rights reserved.

1. Introduction

many traditional fermented foods, where they contribute, through
specific biochemical activities, to the quality and, in many cases, to

Lactobacillus casei, Lactobacillus paracasei, and Lactobacillus
rhamnosus are three distinct species of phylogenetically closely
related facultative heterofermentative lactic acid bacteria (LAB),
collectively known as the species of the L. casei group (Lcs). Lcs
includes typical non-starter LAB, commonly isolated from human
gut (Wall et al. 2007) and vaginal mucosa, and widely found in

* Corresponding author at: Department of Food, Environmental and Nutritional
Sciences (DeFENS), Division of Food Microbiology and Bioprocessing, Universita
degli Studi di Milano, Via Celoria 2, 20133 Milan, Italy. Tel.: +39 02 50319136;
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E-mail address: simone.guglielmetti@unimi.it (S. Guglielmetti).
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0944-5013/© 2015 Elsevier GmbH. All rights reserved.

the preservation of finished products. Particularly, they represent
the major components of the autochthonous microbial population
of many traditional cheeses and are used as subsidiary cultures
(or ripening cultures) in cheese production (Colombo et al. 2009;
Franciosi et al. 2008; Koirala et al. 2014).

Many studies have also shown the health-promoting potential
of Lcs, as demonstrated by their extensive use as probiotics (Ferrario
et al. 2014), or mixed cultures in dairy products and, as functional
component, in a new generation of probiotic food products, includ-
ing soy yoghurt (Donkor et al. 2005) and table olives (Lavermicocca
etal.2010). In fact, the two most-studied and best-known probiotic
microorganisms worldwide are L. paracasei Shirota (Yakult Hon-
sha Co., Ltd.) and L. rhamnosus GG (Valio Ltd.). However, the high
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relatedness of the members of this bacterial group makes difficult
their differentiation. As a consequence, the taxonomic position and
nomenclature of this group has been controversial until recently
(Collins et al. 1989; Dellaglio et al. 1991; Tindall 2008).

Correct taxonomic assignment of microorganisms deliberately
used in food and feed is a mandatory requirement, according to the
Joint FAO/WHO Expert Meeting reports on probiotics (FAO/WHO
2002) and the European Food Safety Authority (EFSA) consulta-
tions on the Qualified Presumption of Safety (QPS) approach (EFSA
2004). Manufacturers, in fact, must follow the recommendation
that each labeled denomination for microbial species conforms to
the International Code of Nomenclature of Bacteria (Lapage et al.
1992).

Another important aspect concerning industrial strains refers
to the fact that technological or probiotic features are mostly
strain dependent and, therefore, genotyping methods are needed to
assure quality management (Herbel et al. 2013 ). Several methods of
genetic typization have been used to characterize strains belonging
to the Lcs (Diancourt et al. 2007; Dimitonova et al. 2008; Capra et al.
2011; Sato et al. 2012); however, these methods have often inher-
ent limitations. For instance, multi-locus sequence typing protocols
(Diancourt et al. 2007) need DNA sequencing steps that make the
protocol quite expensive and time-intensive. Furthermore, PCR-
based fingerprinting techniques such as RAPD, ERIC-PCR, BOX-PCR,
and rep-PCR (Capra et al. 2011; Dimitonova et al. 2008) are poorly
reproducible and do not allow the confirmation that the isolate
under investigation actually belongs to the L. casei group of species.
Also MALDI-TOF MS of ribosomal proteins (Sato et al. 2012) have
been proposed for LcS characterization, but this method imply a
quite complex protocol that requires equipment not easily found
in the research and clinical laboratories of microbiology.

In this study, we designed a protocol to run a melting curve
analysis of a small hyper-variable region that we identified inside
the Lactobacillus groEL gene. Gene groEL codes for the 60-kDa group
I chaperonin GrolEL that, because of its essential function, exhibits
high sequence conservation across species (Goyal et al. 2006). Our
results show that melting curve analysis protocol here presented
is a simple and fast strategy to perform the genetic typization of
bacterial strains belonging to the species of the L. casei group.

2. Materials and methods
2.1. Bacterial strains and culture conditions

Eighty-two bacterial isolates originating from human intes-
tine, vagina, oral cavity, dairy products, and commercial probiotic
foods were included in this study (Table 1 ). These isolates were
obtained from the bacterial culture collection of our Department
or from international culture collections (American Type Culture
Collection, ATCC; Deutsche Sammlung von. Mikroorganismen und
Zellkulturen, DSMZ; Belgian Coordinated Collections of Microor-
ganisms BCCM/LMG). Lactobacilli were grown in de Man, Rogosa
and Sharpe (MRS) (Fluka, Sigma-Aldrich, St. Louis, MO, USA). Bifi-
dobacteria were cultivated in MRS (Difco Lab., Augsburg, Germany)
supplemented with 0.05% cysteine-HCl in anaerobic conditions.
Streptococci and enterococci were grown in M17 (Difco Lab.) sup-
plemented with 2% lactose or glucose. Bacillus was cultivated in
nutrient broth (Difco). All strains were incubated at 30 °C, with the
exceptions of Lactobacillus helveticus, Streptococcus thermophilus
and bifidobacteria that were grown at 37 °C.

2.2. DNA extraction, conventional PCR and sequencing

Genomic DNA for all PCR reactions was extracted from 100 .l
of an overnight culture diluted with 300 w1 of TE 1 X buffer (10 mM

Tris-HCl, 1mM Na,EDTA, pH 8.0) as described by Arioli et al.
(2007). End-point PCR was carried out with DreamTaq DNA Poly-
merase (Fermentas, Vilnius, Lithuania) according to manufacturer
instruction. All the others PCR reagents were from Fermentas.
Species-specific PCR for L. casei species group was performed
with conserved primerY2 (5-CCCACTGCTGCCTCCCGTAGGAGT-3")
and specific primers CASEI (5-TGCACTGAGATTCGACTTAA-3'),
PARA  (5-CACCGAGATTCAACATGG-3’) or RHAMN (5'-
TGCATCTTGATTTAATTTTG-3’), as described by Ward and Timmins
(1999). The hyper-variable groEL region identified in this study was
amplified with primers GroHRM-F (5-GTTTGATCGCGGCTATCTGA-
3’) and GroHRM-R (5'-CCTTGTTGMACGATTTCTTG-3') through a
PCR profile consisting of an initial denaturation time of 2 min
at 95°C followed by an amplification for 35 cycles of denat-
uration (45s at 94°C), annealing (45s at 59°C) and extension
steps (30s at 72°C); the PCR was completed with an elongation
period (5min at 72°C). Amplicons obtained through end-point
PCR with GroHRM primers were purified from reaction mas-
ter mix with UltraClean PCR Clean-Up Kit (MoBio, Cabru S.a.s.,
Arcore, Italy) and then sequenced on both strands (Primm srl,
Milan, Italy). GenBank accession numbers of the 14 partial
groEL gene sequences determined in this study are indicated in
Table 1.

2.3. Real-time quantitative PCR and high resolution melting
analysis

The concentration and purity of the DNA samples were deter-
mined spectrophotometrically with a Take3 Micro-Volume Plate
in the Eon BioTek Microplate Spectrophotometer (AHSI S.p.A.,
Bernareggio, Italy). After quantification, DNA samples were diluted
with nuclease-free water to reach a concentration of 5ngul-!
and stored at —20°C. Quantitative real-time polymerase chain
reactions (qPCR) were carried out in a final volume of 15l
containing 7.5 wl of SsoFast™ EvaGreen® Supermix (Bio-Rad Lab-
oratories S.r.l, Segrate, Italy), 0.25 uM of each primer and 15ng
of template DNA. During the set-up of the protocol, DNA tem-
plate concentrations between 50 and 0.08 ng were also tested.
qPCR experiments were performed in a CFX96 thermo-cycler
(Bio-Rad Laboratories) as follows: initial denaturation at 98°C
for 1 min, followed by 45 cycles at 95°C for 30s, 59°C for 20s
and 72°C for 1s; a unique step of 65°C for 10s was finally
performed. Each DNA sample was analyzed at least in dupli-
cate. At the end of the amplification protocol, melting curves
of the amplicons were immediately determined by monitoring
fluorescence from 65 to 95°C, with temperature increments of
0.2°C.

For high resolution melting curve analysis (HRMa), raw fluo-
rescence data were exported from Bio-Rad CFX-Manager software
and a single text (.txt) file for each strain was prepared by indicating
data from 70 to 95 °C as depicted below:

Temperature Fluorescence
70.00 8383.74
70.20 8348.91
70.40 8314.21
70.60 8279.45

The .txt documents were used as input files for software
uAnalyzeSM v. 1.8 (Dwight et al. 2012); available on line at
https://www.dna.utah.edu/uv/uv.php), which was employed for
the HRMa. The software parameters used for the normalization of
raw fluorescence melt data were as follows: horizontal sliders set
at temperatures 78 °C and 79.5 °C for the analysis of L. casei species,
and setat 78 °Cand 81 °C for the analysis of L. paracasei intra-species
genotypes.
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Table 1

Bacterial strains included in the study. All strains were commercially available or present in the culture collection of our Department. (A) Strains belonging to the L. casei
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group of species; (B) other species. HMRa, High Resolution Melting analysis.

(A)

Strain Source Species identification HMR genotype Partial groEL
GenBank accession
numbers®

Specific primers® HRMa

LMG 23516 Belgian culture collection L. casei L. casei i

LMG 6904T (=ATCC 393T) Belgian culture collection L. casei L. casei itk

DH 4 Dahi traditional Nepalese dairy product L. rhamnosus L. rhamnosus I

DH 17 Dahi traditional Nepalese dairy product L. rhamnosus L. rhamnosus 1 HG422840

DH 20 Dahi traditional Nepalese dairy product L. rhamnosus L. rhamnosus I

DH 40 Dahi traditional Nepalese dairy product L. rhamnosus L. rhamnosus I HG422841

DH 62 Dahi traditional Nepalese dairy product L. rhamnosus L. rhamnosus I

DH 6 Dahi traditional Nepalese dairy product L. rhamnosus L. rhamnosus 1

GG Commercial strain (Chr. Hansen A/S) L. rhamnosus L. rhamnosus I

YM1 Commercial fermented milk L. rhamnosus L. rhamnosus I

LB 4 Human feces L. rhamnosus L. rhamnosus I

LB 11 Human feces L. rhamnosus L. rhamnosus I

LB 21 Human feces L. rhamnosus L. rhamnosus I

DSM 200217 German culture collection L. rhamnosus L. rhamnosus I

ATCC 253027 American culture collection L. paracasei L. paracasei Ila

DH 10 Dahi traditional Nepalese dairy product L. paracasei L. paracasei Ila HG422838

DH 65 Dahi traditional Nepalese dairy product L. paracasei L. paracasei Illa

DH 84 Dahi traditional Nepalese dairy product L. paracasei L. paracasei Ila HG422839

DH 132 Dahi traditional Nepalese dairy product L. paracasei L. paracasei Ila HG422837

DH 133 Dahi traditional Nepalese dairy product L. paracasei L. paracasei Illa

LP3 Pecorino traditional Italian cheese L. paracasei L. paracasei Ila

ATCC 334 American culture collection L. paracasei L. paracasei IIb

DG Human gut/commercial strain (Sofar S.p.A.) L. paracasei L. paracasei 1Ib HG422829

FMBr3 Raschera D.O.P. Traditional Italian cheese L. paracasei L. paracasei IIb HG422835

11 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb

12 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb

116 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb

X1 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb HG422830

X2 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei 1b

L20 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei 1Ib

L3 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb

L4 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb

L6 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei 1Ib

L7 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb

L8 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb HG422833

L9 Toma del Mottarone traditional Italian cheese L. paracasei L. paracasei IIb

LB7 Human feces L. paracasei L. paracasei IIb

LB 14 Human feces L. paracasei L. paracasei IIb

LB 22 Human feces L. paracasei L. paracasei 1Ib

LB 24 Human feces L. paracasei L. paracasei 1Ib HG422832

LMG 91917 Belgian culture collection L. paracasei L. paracasei IIb HG422831

LP1 Pecorino traditional Italian cheese L. paracasei L. paracasei IIb

LP2 Pecorino traditional Italian cheese L. paracasei L. paracasei IIb

LP 6 Bra traditional Italian cheese L. paracasei L. paracasei IIb

LP 10 Bra tenero traditional Italian cheese L. paracasei L. paracasei IIb

LP15 Commercial strain(GS in forma) L. paracasei L. paracasei IIb

LP26 Bra tenero traditional Italian cheese L. paracasei L. paracasei IIb HG422834

LP28 Bra traditional Italian cheese L. paracasei L. paracasei IIb

LPAB Cocoa beans fermented L. paracasei L. paracasei 1b

LPC-S01 Human vagina/commercial strain (Sofar S.p.A.) L. paracasei L. paracasei 1Ib HG422836

LPDT Cocoa beans fermented L. paracasei L. paracasei IIb

LPT34 Fruit kefir L. paracasei L. paracasei IIb HG422842

Shirota Commercial probiotic strain (Yakult Co., Ltd) L. paracasei L. paracasei 1Ib

(B)

Strain Species Source

LVN 4 Bacillus coagulans Commercial probiotic product

BB-12 Bifidobacterium animalis subsp. lactis Commercial probiotic strain (Chr. Hansen A/S)

MIMBb75 Bifidobacterium bifidum Human feces (Guglielmetti et al., 2009)

BBR0O9 Bifidobacterium breve Commercial probiotic strain (Sacco S.r.l.)

BNF09 Bifidobacterium longum subsp. infantis Commercial probiotic strain (Sacco S.r.l.)

F1 Enterococcus faecalis Toma del Mottarone traditional Italian cheese

YVS3 Enterococcus faecium Commercial probiotic product

EIP9

Enterococcus italicus

Pannerone traditional Italian cheese
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Table 1 (Continued)

(B)

Strain Species Source

LA5 Lactobacillus acidophilus Commercial probiotic strain (Chr. Hansen A/S)
DH 92 Lactobacillus brevis Dahi traditional Nepalese dairy product

DH 94 Lactobacillus coryniformis Dahi traditional Nepalese dairy product

RoCa Lactobacillus curvatus

DH 147 Lactobacillus delbrueckii

DH 98 Lactobacillus fermentum

DH 95 Lactobacillus harbinensis

DH 103 Lactobacillus helveticus
MIMLh5 Lactobacillus helveticus

LJHO7 Lactobacillus johnsonii

DH 31 Lactobacillus parabuchneri
NF1 Lactobacillus pentosus

YVS2 Lactobacillus plantarum

PRE2 Lactobacillus salivarius

V32 Lactococcus garvieae

LGB3 Lactococcus garvieae

El Lactococcus lactic subsp. lactis
E7 Lactococcus lactic subsp. lactis
K12 Streptococcus salivarius

ST3 Streptococcus salivarius

N4 Streptoccus thermophilus

Raschera traditional Italian cheese

Dahi traditional Nepalese dairy product
Dahi traditional Nepalese dairy product
Dabhi traditional Nepalese dairy product
Dahi traditional Nepalese dairy product
Grana Padano whey starter (Guglielmetti et al., 2010b)
Human feces

Dabhi traditional Nepalese dairy product
Commercial probiotic product
Commercial probiotic product
Commercial probiotic product
Rainbow trout filet

Cabbage

Toma del Mottarone traditional Italian cheese
Toma del Mottarone traditional Italian cheese

Commercial probiotic product
Human pharyngeal mucosa (Guglielmetti et al., 2010a)
Toma del Mottarone traditional Italian cheese

2 According to Ward and Timmins 1999.

b GenBank accession numbers of the 14 partial groEL gene sequences determined in this study.

2.4. Phenotypical tests

Carbon source fermentation was determined by using a
microtitre plate assay and a basal CHL medium at pH 6.3
(Bio-Merieux, Montelieu-Vercieu, France) containing bromocresol
purple as indicator, and the desired filter-sterilized carbohydrate
at a final concentration of 0.5% (w/v). The plates were incubated
at 30°C and were examined for color change after 24 and 48 h of
incubation. Survival assay at 72 °C was carried out by sinking for
40s in a water bath a glass capillary tube containing the bacterial
suspension. Growth at 40 °C and survival at 72 °C were determined
in MRS broth. The residual viable population was determined by
plate counting on MRS agar after 48-72 h of incubation at 30°C.

3. Results and discussion

Lactobacilli are one of the most important taxonomic groups of
microorganisms involved in food microbiology and human nutri-
tion, for which genetic typization and unambiguous identification
must be considered a prerequisite for their correct use. In the
last decade, a high number of systematic studies of lactobacilli
have been carried out using molecular approaches targeting sev-
eral genes, such as 16s rRNA, tuf, recA or rpoB genes (Chavagnat
et al. 2002; Felis et al. 2001; Piwat and Teanpaisan 2013; Rantsiou
et al. 2004; Ventura et al. 2003). A few years ago, Blaiotta et al. pro-
posed a partial DNA sequence (499-bp) of the gene hsp60 (groEL,
encoding a 60-kDa heat shock protein) as a useful molecular marker
for the genetic typing of Lactobacillus strains isolated from food
samples (Blaiotta et al. 2008). Therefore, we analyzed this genetic
target with the aim to identify an internal region with a potential
discriminative power sufficiently high to genetically characterize
strains belonging to the L. casei group (Lcs). To this aim, we per-
formed a ClustalW alignment of the groEL gene sequences from
the type strains of the species L. casei, L. paracasei and L. rham-
nosus. Consequently, we identified a 110 bp region with relatively
high sequence variability inside the groEL gene (Fig. 1). Then, we
designed a pair of primers (named GroHMR) in the conserved flank-
ing regions (Fig. 1), which allowed obtaining a 150 bp PCR amplicon
from Lcs strains. Subsequently, we generated a dendrogram using
the Neighbor Joining algorithm based on 13 groEL sequences

available in GenBank and 14 sequences obtained during this study
from Lcs strains available in our laboratory (Table 1; Fig. 2). The
resulting dendrogram separated the bacterial strains into three
clusters, which exactly corresponded to the species of the L. casei
group. The type strain of the species L. casei clustered with strain L.
zeae ATCC 15820 (Fig. 2). Accordingly, the International Committee
on Systematics of Bacteria rejected the species L. zeae and included
it in the species L. casei (Tindall 2008). Furthermore, several strains
(viz. ATCC 334, ATCC 25598, DSA-15, IMAU60056 and DSM 56227),
though annotated in GenBank as L. casei, resulted to belong to the
species L. paracasei. A possible explanation for these misidentifica-
tions can be found in the fact that until quite recently the type strain
of the species L. casei was ATCC 334, which now has been reclassi-
fied as a L. paracasei (Tindall 2008). Therefore, our results showed
that the selected 150 bp groEL region can be potentially useful in
distinguishing among L. casei, L. paracasei, and L. rhamnosus.

We then tested in real-time quantitative PCR (qPCR) the speci-
ficity of GroHM primers on 53 strains belonging to the L. casei group
(Table 1). The taxonomic identification of these strains was con-
firmed by PCR amplification with species-specific primers (Ward
and Timmins 1999). In addition, we also included in the analy-
sis strains belonging to 25 different bacterial species (including 13
Lactobacillus species besides Lcs), which are commonly present in
dairy and probiotic products and can be most probably co-isolated
with Lcs strains. Among the tested bacteria, we included strains
isolated from commercial probiotic products that claimed to con-
tain a Lcs bacterium. Our experiments with species-specific primers
(Ward and Timmins 1999) confirmed the presence of L. rhamnosus
in all products that labeled this species. In contrast, we found L.
paracasei in all products asserting to include a L. casei strain. We
never found L. casei in them according to PCR with species spe-
cific primers. Furthermore, in accordance with a technical opinion
by EFSA (2010), our analyses confirm that the well-known bacterial
strain Shirota, differently from what is claimed on the label, belongs
to the species L. paracasei and not to L. casei. Though widespread use
of misclassified microbial species or species with fictitious names
in commercial probiotic products have been reported (Aureli et al.
2010), we believe that what we observed in this study should
not be attributed to poor quality control by manufacturers but
rather to the confusion that has persisted until recently about
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ATCC 3937 AAGGCAGCGGTTGATGAACTGCACAAGATCAGCCACAAGGTTAACGGCAAGAAGGAAATC
ATCC 74697 AAGGCTGCAGTTGACGAATTGCACAAGATCAGCCACAAGGTTAACGGCAAGAAGGAAATT
DSM 56227 AAGGCTGCCGTTGACGAATTGCACAAGATTAGCCACAAAGTTAATGGTAAGAAAGAAATC
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KAk Kk khkkh Kk, K hAhkhAhkhkkhkhkkhhkhhk, *hkhkh*x **k K kkkhk *kxk,*x *k*k * (k) k), **k*%

Fig. 1. ClustalW alignment of 480 bp from the sequence of gene groEL of strains Lactobacillus casei ATCC393" (GenBank accession number AY424336), Lactobacillus rhamnosus
ATCC 7469" (AF429659) and Lactobacillus paracasei DSM 56227 (AY424339). Gray areas indicate the target regions of primers GroHRM-F and GroHRM-R.
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Fig. 2. Neighbor-joining dendrogram of aligned groEL gene sequences from L. casei group of species. Alignments of sequences were made considering the 150 bp fragment
that is amplified with primers GroHRM-F and GroHRM-R (Fig. 1). Bootstrap values (1000 replicates) are shown close to the considered node. Sample indicated in bold
refers to bacterial strains whose groEL gene sequence has been determined in this study. The groEL gene sequences obtained from GenBank are shown with the database
accession number between brackets. Taxonomic names for database sequences are according to GenBank annotation. Lactobacillus plantarum ATCC 149177 has been included
as outgroup. ?, type strain of L. paracasei subsp. tolerans; ®, type strain of L. paracasei subsp. paracasei.
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Fig. 3. Real time quantitative PCR (qQPCR) experiment performed with the total DNA isolated from L. paracasei DSM 5633". DNA was serially 1:5 diluted from 50 ng per
reaction. (A) qPCR amplification curves. (B) Melting curves of the qPCR amplicons. Ct, real time PCR threshold cycle. RFU, relative fluorescence units. Duplicates for each
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distinguishing between L. casei and L. paracasei (Dellaglio et al.
2002; Tindall 2008).

After PCR with GroHRM primers according to the proposed pro-
tocol, we obtained an amplification curve with a Ct between 21
and 27 exclusively from strains that were previously identified as
L. casei, L. paracasei, or L. rhamnosus, whereas the strains belong-
ing to other taxa resulted in a Ct over 35 (Data not shown 1, only
for referees). Therefore, the proposed real time PCR with GroHMR
primers allowed the discrimination between Lcs strains and strains
belonging to other taxa. However, the analysis of a larger collection
of strains is needed to demonstrate the ability of GroHRM primers
to amplify exclusively Lcs bacteria.

Since real time PCR amplification curves did not allow the
discrimination among the Lcs strains included in our study, we
developed a strategy based on melting curve analysis of the 150 bp
groEL gene fragment amplified with GroHMR primers. We based
our protocol on a technique known as high resolution melting
analysis (HRMa). HRMa protocols, developed to detect small vari-
ations in DNA sequences, have found important applications in
single nucleotide polymorphism (SNP) and methylation studies
(Messiaen et al. 2012; Pistek et al. 2012) and in clinical microbi-
ology (Ruskova and Raclavsky 2011) for identifying, detecting, and
typing several pathogens, such as Mycobacterium tuberculosis (Lee
and Ong 2012), Staphylococcus aureus (Chenetal. 2012), Listeria spp.
(Jin et al. 2012), Clostridium difficile (Pecavar et al. 2012), Salmonella
serovars (Zeinzinger et al. 2012), Enterococcus faecium (Tong et al.
2011), and fungal pathogens (Somogyvari et al. 2012). Using HRMa
to study food associated lactic acid bacteria is much more limited.
To the best of our knowledge, only one study employed HRM for the
characterization of lactic acid bacteria; particularly, in this study,
HRM was applied to analyze denaturing gradient gel electrophore-
sis (DGGE) bands obtained from dairy products (Porcellato et al.
2012). In addition, recently, the use of HRMa targeting genetic
regions different from groEL was also proposed for the taxonomic
identification of species belonging to the L. casei group (lacumin
etal. 2015).

According to the conventional HRMa protocols, we used in this
study a PCR reaction solution including a saturating fluorescent
intercalating agent and collected melt datain 0.2 °Cincrements in a
Real-Time PCR thermal cycler. Initially, we tested the effect of DNA
template concentration on melting curve profiles and accordingly
ran melting analyses of PCR amplicons obtained with 5 different

concentrations (from 50 to 0.08 ng per reaction) of the DNA iso-
lated from L. paracasei DSM 56337, which was arbitrarily chosen as
reference strain. We found that DNA concentrations producing Ct
values of less than 20 induced a significant shift in the melting
curves, which could affect the result of the analysis. In contrast,
template concentrations corresponding to Ct values of up to 28
did not affect melting curves (Fig. 3A and B). Similar results were
obtained with DNA extracted from strains L. casei ATCC 339T and
L. rhamnosus GG, which were selected to represent the other two
species constituting the Lcs group. Consequently, we used in the
following experiments a DNA concentration of 5ng ul~! since it
produced Ct values between 21 and 28. Specifically, we ran the
assay with DNA extracted from the 53 Lcs strains under study
(Table 1). The amplicons that we obtained from these experi-
ments had an average melting temperature (Tm) of 79.12 £ 0.45°C.
The melting curves obtained were then analyzed in order to ver-
ify the possibility to cluster the different Lcs strains. To this aim,
unlike other studies, we used no commercial software specifically
designed for HRMa; instead, raw fluorescence melt data were nor-
malized by means of freeware on-line software developed at the
University of Utah (uAnalyzeSM v. 1.8; Dwight et al. 2012). In a first
analysis, the 53 Lcs strains were clustered in 3 well distinguished
groups (Fig. 4A), which had distinct average Tm values (Fig. 4). This
result was obtained by setting the two horizontal sliders of the soft-
ware at the temperature of 78 and 79.5 °C. Notably, the resulting
clusters of curves exactly divided strains according to the species
(Fig. 4A).

The 39 strains belonging to L. paracasei were further analyzed
by setting horizontal parameters at 78 and 81 °C. In this way, we
were able to separate L. paracasei strains in two well distinct geno-
typic groups. Strain clustering through melting curve analysis was
in accordance with the dendrogram based on the 150 bp corre-
sponding to the region amplified for melting analysis (Fig. 2). In
fact, not only L. casei, L. paracasei and L. rhamnsosus strains included
in the study were well distinguished by the N]J tree, but, similarly to
melting analysis, the dendrogram also divided L. paracasei strains
in two distinct genetic clusters.

Collins et al. (1989) described two subtaxa in the species L.
paracasei, which correspond to the subspecies paracasei and tol-
erans (Tindall 2008). Melting curves obtained after HRMa analysis
of L. paracasei strains are shown in Fig. 4B. Group “a” included
the type strain of the species L. paracasei, DSM 56227, which
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Fig. 4. High resolution melting curve analysis (HRMa) of the 150 bp groEL DNA fragment amplified by qPCR from strains belonging to species of the Lactobacillus casei group
(Lcs, Table 1). Panel A, HRMa performed on 53 Lcs strains; the group of curves I includes 12 L. rhamnosus strains; group Il includes 39 L. paracasei strains; group IIl includes 2

L. casei strains. Panel B, HRMa performed on 39 L. paracasei strains; the cluster of curves “a

" includes L. paracasei subsp. paracasei ATCC 253027 and other 6 strains; the cluster

of curves “b” includes L. paracasei subsp. tolerans LMG 91917 and other 31 strains. Panel C, amplicons average melting temperature (Tm) of the gentypes obtained through
HRMa. Data for each bar of the histogram are reported as mean value of the Tm + standard deviation.

is also the reference strain for the subspecies paracasei. On the
contrary, the reference strain L. paracasei subsp. tolerans LMG
91917 clustered in group “b”. We therefore hypothesized that
the two genotypes observed inside L. paracasei could corre-
spond to the subspecies L. paracasei subsp. paracasei (group “a”)

Table 2

and L. paracasei subsp. tolerans (group “b”). To corroborate this
hypothesis, a number of L. paracasei strains were characterized
to verify some of the phenotypic features which have been pro-
posed. Specifically, the subspecies tolerans has been described
as a facultative heterofermentative bacterium that produces acid

Phenotypic characterization of Lactobacillus paracasei strains based on acid production from 13 carbon sources and growth at 40°C (A), and resistance to pasteurization at
72°C for 40s (B). HRM groups a and b refer to Fig. 4B.+ positive; —, negative; &, weak activity.

(A)

HRM group a HRM group b

ATCC253027 LP3 DH10 DH133 LMG91917T ATCC334 SHIROTA LPC-S01 DG LP1 LPAB FMBr3
Amygdalin + - + + - + + + + + + +
Arbutin + - + + - + + + + + + +
Cellobiose + + + + - + + + + + + +
Esculin + - + + - + + + + + + +
Glucose + + + + + + + + + + + +
Lactose + - + + + + + + + + + +
Maltose + — + + — + + 4 + + + +
Mannitol + - + + — + + + + + + +
Melezitose + - + + - + + + + + + +
Ribose + + + + - + + + + + + +
Sucrose + + + + — + + + + + + +
Salicin + — + + - + + + + + + +
Trehalose + - + + — + + + + + + +
Growth at 40°C + - + + — + + + + + + +
(B)
Pasteurization resistance (CFUml~1) ATCC253027 LP3 LMG91917 ATCC334
Before treatment 3x107 1x 107 2 x 107 3x 107
After treatment <10 <10 108 <10
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from lactose, but (differently from L. paracasei subsp. paraca-
sei) not from amygdalin, arbutin, cellobiose, maltose, mannitol,
melezitose, salicin and trehalose (Abo-Elnaga and Kandler 1965;
Collins et al. 1989). Furthermore, L. paracasei subsp. tolerans can
be distinguished from L. paracasei subsp. paracasei by the fact that
does not hydrolyze esculin, does not grow at 40°C, and survive
heating at 72°C for 40s (Abo-Elnaga and Kandler 1965; Collins
et al. 1989). More recent data concerning sugars fermentation abil-
ities in Lcs, however, indicate that the above mentioned grouping
is too restrictive. An enormous diversity of sugar utilization gene
cassettes were recently identified, in fact, in the genome of several
strains (Smokvina et al. 2013; Douillard et al. 2013). Accordingly,
the characterization performed in our study revealed that none of
the phenotypes mentioned above can univocally distinguish strains
of HRM group “a” from strains of group “b” (Table 2). Therefore,
we cannot conclude that the two genotypes identified inside the
species L. paracasei by HRM correspond to the subspecies toler-
ans and paracasei. Nonetheless, it should be also mentioned that
the phenotypic features describing L. paracasei subsp. tolerans have
been based on a very limited number of strains; precisely, 6 strains
isolated from pasteurized milk were considered by Abo-Elnaga and
Kandler (1965) and only two strains were reported by Collins et al.
(Collins et al. 1989); no other studies focusing on the phenotypic
characterization of L. paracasei subspecies are available in litera-
ture. As a consequence, we believe that the opportunity to maintain
the two subspecies, tolerans and paracasei, inside the species L.
paracasei should be reconsidered.

4. Conclusions

The L. casei group of species (Lcs) consists of three phylogeneti-
cally closely related species (L. casei, L. paracasei, and L. rhamnosus),
which are widely used in the dairy and probiotic industrial sectors.
Strategies to easily, unambiguously, and rapidly genetically charac-
terize the bacteria of the L. casei group are therefore of interest. To
this aim, we developed a method based on analysis of the melting
curve of a 150 bp DNA fragment obtained by PCR from gene groEL.
The experiments carried out during this study showed that melting
curve analysis is a simple and labor-saving strategy that can be used
for the initial rapid clustering of Lactobacillus isolates from food
samples or biologic specimens. Specifically, the proposed method
canrepresent a novel convenient molecular tool to obtain the geno-
typing of a bacterial isolate and simultaneously potentially confirm
its affiliation to the L. casei group of species. In addition, the analysis
of a significantly larger number of strains may also corroborate the
hypothesis that the experimental protocol here presented, besides
genotyping, is also suitable for the taxonomic discrimination of the
species in the L. casei group.
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