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ABSTRACT 

 

DETECTION OF PROBIOTIC MICROORGANISMS USING RT-PCR, 

AND ISOLATION, IDENTIFICATION, PROBIOTIC PROPERTIES OF 

LACTOBACILLUS SPECIES FROM KEFIR 

 

 

 

Hassan, Manal Sami El Sayed 

 

Doctor of Philosophy, Biochemistry 

Supervisor: Prof. Dr. G. Candan Gürakan Gültekin 

Co-Supervisor: Prof. Dr. Ayşe Gül Gözen 

 

September 2020, 258 pages 

 

Kefir is a dairy product rich in probiotics.  In this study, a SYBR green-based real-

time PCR (RT PCR) method was used for the detection of kefir probiotic strains. 

This assay allowed species-specific detection of L. acidophilus, L. delbrueckii 

subsp.bulgaricus, L. kefiri, L. kefiranofaciens, L. fermentum, L. plantarum, L. 

amylovorus, L. casei, L. paracasei, Streptococcus thermophilus and Saccharomyces 

cerevisiae. This method was performed using DNA isolated directly from five 

different sources of kefir from Turkey and one milk product from Kyrgyzstan.  

Results of amplification and melting curve from real time PCR assay showed that 

L. kefiri, L. kefiranofaciens, L. casei, and L. paracasei were the dominant bacteria 

in all kefir samples while L. acidophilus, L. delbrueckii subsp. bulgaricus, L. 

fermentum, L. plantarum, L. amylovorus, Streptococcus thermophilus, and 

Saccharomyces cerevisiae were detected in a few kefir samples. Based on 

microscopic examination and biochemical tests, 30 of 100 bacterial isolates were 

confirmed to belong to the genus Lactobacillus. It was also indicated that isolated 

Lactobacillus species from kefir samples have potential probiotic properties.  
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In addition, identification studies for the isolates from the kefir samples were also 

carried out. These isolates were identified by 16S rRNA sequencing BLAST 

analysis and alignment. BLAST results showed that 19 isolates had more than 97% 

similarity with Lactobacillus paracasei subsp. tolerans strain NBRC 15906, 5 

isolates had more than 99% similarity with Lactobacillus gallinarum strain ATCC 

33199, 2 isolates (k5-14 and k5-15) showed 99.21 and 98.71 % similarity of 

Lactobacillus zeae respectively, and 2 isolates (K4-6a and K6-3a) displayed more 

than 99.22 % similarity with Lactobacillus helveticus strain NBRC 15019. In 

addition, 2 more isolates were also identified, K6-14 which was identical to 

Lactobacillus rhamnosus strain NBRC 3425 with 99.45% similarity and K2-3 

which showed 98.27 % similarity to Lactobacillus intestinalis strain TH4. Sequence 

alignment using the Clustal omega program was useful for identifıcation of some 

isolates.   

Keywords: Kefir, Lactobacillus, real-time PCR , L. kefiri, L. kefiranofaciens, L. 

casei, L. paracasei, L. acidophilus, L. delbrueckii subsp.bulgaricus, L. fermentum, 

L. plantarum, L. amylovorus, Streptococcus thermophilus, L. gallinarum, L. zeae, 

L. helveticus, L. rhamnosus, L. intestinalis, Saccharomyces cerevisiae,  

biochemical tests,  16 S rRNA sequencing analysis.   
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ÖZ 

 

KEFİRDE PROBIOTIC MIKROORGANIZMALARIN  RT-PCR İLE 

TESPITI VE LACTOBACİLUS TÜRLERININ  IZOLASYONU TANISI, 

PROBIOTIC ÖZELLİKLERİ 

 

 

 

Hassan, Manal Sami El Sayed 

 

Doktora, Biyokimya 

Tez Yöneticisi: Prof. Dr. G. Candan Gürakan Gültekin 

Ortak Tez Yöneticisi: Prof. Dr. Ayşe Gül Gözen 

 

Eylül 2020, 258 sayfa 

 

Kefir, probiyotik bakımından zengin bir süt ürünüdür. Bu çalışmada kefir 

probiyotik suşlarının saptanması için SYBR green bazlı gerçek zamanlı PZR 

metodu kullanılmıştır. Bu analiz, L.acidophilus, L.delbrueckii subsp. bulgaricus, L. 

kefiri, L. kefiranofaciens, L. fermentum, L. plantarum, L. amylovorus, L. casei, L. 

paracasei, Streptococcus thermophilus ve Saccharomyces cerevisiae türlerine özgü 

tespite olanak sağlamıştır. Bu metot, Kırgızistan'daki bir süt ürününden ve 

Türkiye'deki beş farklı kefir kaynağından doğrudan izole edilen DNA'yı kullanarak 

gerçekleştirilmiştir. PZR testinden elde edilen amplifikasyon ve erime eğrisi 

sonuçları, tüm kefir örneklerinde L. kefiri, L. kefiranofaciens, L. casei ve L. 

paracasei'nin dominant bakteri olurken; L. acidophilus, L. delbrueckiisubsp. 

bulgaricus, L. fermentum, L. plantarum, L. amylovorus, Streptococcus 

thermophilus ve Saccharomyces cerevisiae’ın birkaç kefir örneğinde tespit 

edildiğini göstermektedir.  Mikroskobik inceleme ve biyokimyasal testlere göre, 

100  bakteriyel izolattan 30'unun Lactobacillus cinsine ait olduğu doğrulanmıştır. 

Kefir örneklerinden izole edilen Lactobacillus türlerinin potansiyel probiyotik 

özelliklere sahip olduğu da gösterilmiştir. 
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Ayrıca, kefir örneklerinden elde edilen bu izolatların tanımlama çalışmaları 

yürütülmüştür. Bu izolatlar 16S rRNA sekanslama analizi ve hizalama ile 

tanımlanmıştır. BLAST sonuçları, 19 izolatın Lactobacillus paracasei subsp. 

tolerans suşu NBRC 15906 ile % 97'den fazla benzerlik gösterdiğini, 5 izolatın 

Lactobacillus gallinarum suşu ATCC 33199 ile % 99'dan fazla benzerlik 

gösterdiğini, 2 izolatın (k5-14 ve k5-15) Lactobacillus zeae ile sırasıyla % 99.21 ve 

% 98.71 benzerlik gösterdiğini, ayrıca 2 izolatın (K4-6a ve K6-3a) Lactobacillus 

helveticus suşu NBRC 15019 ile % 99.22'den fazla benzerlik gösterdiğini ortaya 

koymuştur. Bununla birlikle, Lactobacillus rhamnosus suşu NBRC 3425 ile 

%99,45 benzerlik gösteren (K6-14) ve Lactobacillus intestinalis TH4 suşu ile 

%98,27 benzerlik gösteren K2-3 olmak üzere iki izolat daha tanımlanmıştır. Clustal 

omega programı ile karşılaştırmalı dizilim hizalama  (sequence alignement), bazı 

izolatların tanısında yararlı olmuştur.  

 

Anahtar Kelimeler: Kefir, Lactobacillus, gerçek zamanlı PZR, L. kefiri, L. 

kefiranofaciens, L. casei, L. paracasei, L. acidophilus, L. delbrueckii subsp. 

bulgaricus, L. fermentum, L. plantarum, L. amylovorus, Streptococcus 

thermophilus, L. gallinarum, L. zeae, L. helveticus, L. rhamnosus, L. intestinalis, 

Saccharomyces cerevisiae, biyokimyasal testler, 16S rRNA sekans analizi. 
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CHAPTER 1  

1 INTRODUCTION 

1.1 Kefir 

1.1.1 Origin of Kefir 

The name ―Kefir‖ derived from Turkish source ―keyif‖ means good pleasure. Kefir 

beverage consumed in Southwest Asia, Russia and Eastern Europe (Gaware et al., 

2011). Wszolek et al (2006) has stated that, the common way of preparing kefir is an 

inoculation of grains into the milk. The starter culture used to produce kefir is small, 

gelatinous, yellowish, and irregularly shaped as explained by Witthuhn et al., 2005. 

People living in the countries of the former Soviet Union have been using Kefir for 

its health benefits for a long time. Health experts in those countries always 

recommend the consumption of kefir. Prado et al (2015) underline many health 

benefits related to the drinking of this fermented milk and these health benefits are 

realted to the existence of metabolic substancesas organic acids and its microflora. 

Hospitals in the former Soviet Union used Kefir to treat cancer, digestive disorders, 

and even atherosclerosis and tuberculosis (Shavit, 2008). 

 

1.1.2 Kefir Grains 

During the preparation of kefir beverage, kefir grains use as fermentation starter by 

incubation with the milk. Kefir grains have an irregular surface, smooth, viscous, 

shiny and yellowish-white color as described by Magalhães et al (2011) and Rattray 

and O’Connel (2011). If wet kefir grains does not inoculate into fresh milk, will keep 



 

 

2 

activity for 8-10 days only, however, dried grains can keep their activity for about 

12-18 months (O ’Brien, 2012). 

 

 

Figure 1.1 Kefir grains (Otles and Cagindi, 2003) 

 

Kefir grains represent a symbiotic relationship between lactobacilli and lactococci 

bacteria, acetic bacteria and yeasts. A complex microbial population of kefir grains 

consists of different species of bacteria and yeasts and also several species of 

filamentous molds (Sarkar et al., 2008; Wang et al., 2008). 

 

Kefiran is the main polysaccharide of Kefir grains that is a complex structure 

containing equal amounts of glucose and galactose and is essentially generated by L. 

kefiranofaciens. Moreover, Kefiran may be used as a supplement in fermented 

products because it develops the viscosity properties of acidic milk gels. Also, 

kefiran can activate the characteristic of skim milk which promote the viscosity of 

Kefir milk (Prado et al., 2015). The milk of the most mammals as sheep, cow, and 

goat can be fermented by kefir grains and each one has different nutritional qualities 

and organoleptic properties. Kefir grains can ferment milk alternatives like coconut 

milk, soy milk, and rice milk (Gaware et al., 2011). 
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1.1.3 Chemicals Composition of Kefir 

Sarkar (2007) has indicated that Kefir contains 89–90% moisture, 6.0% sugar,  3.0% 

protein, 0.7% ash, 0.2% lipid and 1% each of lactic acid with alcohol.  

Puerari et al ( 2012) and Ahmed et al (2013) classified many secondary metabolites 

during fermentation as flavor, taste, and aroma forming compounds synthesized such 

as carbonyl substances (diacetyl, acetaldehyde, ethyl acetate, acetoin and ethanol), 

volatile and non volatile organic acids.  

Farnworth (2005) found that lactic acid was the maximal concentration organic acid 

produced from lactose in milk. The quantities of ethanol and CO2 synthesized 

depend on the conditions of production process. Depending on the species or strains 

present in the milk, the amounts and kind of flavor compounds formed by these 

strains vary and can affect the quality of the final beverage (Maurellio et al. 2001). 

Acetone is a flavorless and odorless compound, it has a considerable effect on the 

flavor of kefir (Aghlara et al, 2009). Acetone produces from lactose and citrate 

metabolism and its formation depends on the strain. Some lactobacilli strains such as 

L. helveticus and some streptococci cultures such as S. lactis can produce acetone in 

low amounts (Beshkova et al., 2003).  

Ethanol is synthesized from acetaldehyde, by alcohol dehydrogenase enzyme. Yeasts 

are the most ethanol maker according to Guzel-Seydim et al (2000). Two kinds of 

yeasts may be found in kefir: they are lactose and non lactose fermenting yeasts. The 

fermented product prepared by using non-lactose fermenting yeast. It has a stronger 

yeast flavor than the product obtained by lactose-fermenting yeast (Simova et al., 

2002; Beshkova et al. 2003). 

Carbon dioxide is produced via alcoholic fermentation and it gives the slight 

ebullition of kefir (Liu et al., 2002). 
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Acetic acid is a fatty acid that has been determined at low concentrations than 800 

mg in kefir (Garrote et al., 2001). In spite of, Guzel-Seydim et al (2000) could not 

find any acetic acid in kefir. Magalhães et al (2011) detected low acetic acid ratios in 

kefir milk without any effect on the organolepyic properties of the beverage.  

Formation of acetic acid needs different amino acids; for example, S. diacetylactis 

can make acetic acid from leucine, glycine, and alanine (Liu et al., 2002). Also, 

acetate can be produced from pyruvate in the presence or absence of oxygen. 

(Garrote et al., 2001). 

Zubeyde et al., 2010 discussed the properties of kefir produced using different milk 

samples and types of fermentation culture. They concluded that starter culture type 

and storage duration affected the pH changes. 

1.1.4 Health Benefits of Kefir 

Kefir has many significant health benefits as physiological and therapeutic properties 

due to a wide diversity of metabolic bioactive substances produced during 

fermentation. The diversity of the microbial population also influences these health 

care (Leite et al ., 2013).  Kefir is known to contain enzymes, amino acids, mineral 

(magnesium, phosphorus, calcium), and vitamins (B12, B2, A, D, K) (Gaware et al., 

2011). 

 

• Heart health: 

Kefir aids in caring the heart since it regulates the blood pressure and clears the 

blood vessels. Drinking kefir helps to clean the blood vessels and the blood pressure 

can be regulated (Gaware et al., 2011). 
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•Reduces the cholesterol levels: 

Kefir aids in reducing high cholesterol levels. It is very beneficial for eleminating 

many cardiovascular diseases like heart attack (Shavit, 2008). 

 

• Digestion: 

Kefir enhances digestion, prevents constipation, regulates the bowel movements and 

cleaning the intestines. 

 

• Brain-enhancement: 

Kefir can develope the working of the brain and it is important for a healthy nervous 

system. It helps to fight the stress. The minerals in Kefir also improve the focus and 

the power of  memory-retention of the brain (Gaware et al., 2011). 

 

• Respiratory system:  

Kefir plays an important part in the medication of asthma and bronchitis. 

 

• Weight loss: 

Kefir probiotics increase the body’s metabolism leading to weight loss.  

 

•Prevention against toxins: 

Kefir can protect the human body from the toxic effects of radiation and other 

harmful pollutants and can enhance the immune function.  

• The Lactose Intolerance: 

Ahmed et al. (2013) highlight that some of the kefir’s bacteria can break lactose 

down, kefir aids people who has lactase enzyme deficiency to digest lactose 

products. 
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• A Healthier Immune System: 

Probiotics of kefir have stimulatory reactions on the immune system by increasing 

T-lymphocyte numbers and improving phagocytosis. Kefir produces bioactive 

peptides in the fermentation process which have an indirect effect on the immune 

system as mentioned by Shavit (2008). 

 

• Antibiotic and antifungal properties: 

Prado et al. (2015) overviewed that kefir has certain antifungal compounds that treat 

yeast infections like candidiasis and eczema. Moreover, Kefir microorganisms 

synthesize lactic acid, bactericides and antibiotics that help to kill pathogenic 

bacteria such as Helicobacter, Salmonella, Shigella, Escherichia coli,  

Staphylococcu, Micrococcus luteus, Bacillus subtilis, Streptococcus pyrogens, and 

Listeria monocytogenes. 

 

•Anti-cancer agent: 

Many studies summarized by Shavit (2008) have demonstrated that kefir has 

conservative effects against some types of cancer and reduce the size of tumors by 

inhibiting the growth of bacteria in the digestive system that convert procarcinogens 

into carcinogens. 

 

•Anti-Diabetic: 

Kefir has an important role in diabetics as it decreases the glucose concentration and 

control the regular sugar level in the blood (Shavit, 2008). 

 

• Anti-inflammatory: 

Kefir is useful in treating several disorders like gastritis, pancreatitis and other 

inflammatory diseases (Prado et al., 2015). 
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•Wound healing properties: 

Hassan et al (2012) discussed that acetic acid, lactic acid, sugar compounds and 

other chemical compounds found in kefir were important factors for wound healing 

properties. 

1.2 Lactic Acid Bacteria (LAB) 

1.2.1 Taxonomical Classification of Lactic Acid Bacteria: 

(LAB) include various bacterial species within the phylum fumicutes. The genera 

Lactococcus, Lactosphera, Leuconostoc,  Lactobacillus, Milissococcus, Oenococcus, 

Pediococcus, Streptococcus, Enterococcus, Weissella and Vagococcus are identified 

as lactic acid bacteria (Tadesse et al., 2005). Only few of them are dairy related. 

They are Enterococcus, Lactococcus, Streptococcus, Pediococcus, Leuconostoc  and 

Lactobabillus (Axelsson, 1998) 

Taxonomical classification of LAB depends on sequencing analysis for 16S 

ribosomal RNA (rRNA). It has detected that some classification created based on 

phenotypical characterization do not match with the phylogenetic relations. 

Molecular assays, mainly polymerase chain reaction (PCR) based techniques such as 

rep-PCR finger printing and pulse-field gel electrophoresis are remarked useful for 

probiotic strain differentiation, identification and discrimination (Gevers et al., 2001; 

Holzapfel et al., 2001).  

 

Species-specific (real time PCR) was developed by Monique and Jan (2006) to 

detect and quantify different Lactobacillus species such as L. casei, L. delbrueckii, L. 

rhamnosus, L. plantarum, L. reuteri, L. acidophilus, L. fermentum and L. paracasei 

in breast-fed infants. 
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1.2.2 Description of Lactic Acid Bacteria 

The LAB are common and prevalent in nature, rich in carbohydrates and contain 

protein breakdown products, vitamins, essential enzymes, antibacterial peptides, 

hydrogen peroxide and  aromatic compounds, all of which contribute to probiotic 

properties (Leroy and de Vuyst, 2004). The LAB play a significant role in food 

fermentation that affects acidity, texture, and flavor of the end products in addition 

to many benefits on human health (Sun, 2010). 

The LAB consist of a great group of rod, gram positive, catalase negative and 

aerotolerant bacteria. These bacteria yield lactic acid as the basic end products in 

sugar fermentation.  

Regarding carbohydrate metabolism, they are classified into 2 major groups:  

1. Homofermentative LAB  

 

2.  Heterofermentative LAB  

 

Wessels et al (2004) reviewed the power of LAB to produce the chemicals 

substances of respiratory chains as cytochromes and porphyrins. Lactic acid bacteria 

can gain ATP only by sugar fermentation. They can survive under anaerobic 
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conditions easily, but also they can survive in the presence of oxygen by producing 

peroxidases. 

1.2.3 Lactic Acid Bacteria Benefiting Health 

LAB are considered a major class of probiotic bacteria (Collins et al.,1998; 

Schrezenmeir and de Vrese, 2001). Fuller (1989) defined the probiotic word as ―a 

live microbial feed supplement which beneficially affects the host animal by 

improving its intestinal microbial action‖. Also, Salminen et al (1999) suggested that 

probiotics are microrganisms that have a helpful effect on human health. 

 

Many lactobacilli, lactococci and bifidobacteria are probiotic bacteria (Rolfe, 2000; 

Tuohy et al., 2003). LAB have a significant part in prolongation the storage life and 

improving the safety of basic food products by producing bacteriocins that inhibit 

foodborne pathogens and spoilage microorganisms. They also have a beneficial 

effect on nutritional and sensory characteristics (Ravi et al., 2011). 

 

LAB applied in probiotic construction, are obtained from the gastrointestinal tract 

and they are tested and identified with a history of safe use and non-pathogenic or 

antibiotic resistance (Stolarczyk, 2002). The capability of lactic acid bacteria to form 

lactic acid from lactose, it contributes to the effective treating of lactose intolerance. 

People are unable to digest lactose in milk due to the absence or dysfunction of the 

essential enzyme systems.  

Besides, Jack (1995) investigated that LAB reduce the pH of the intestinal medium 

which eliminate the growth and survival of some organisms normally requiring high 

pH for their growth. Some LAB produce substances with a bacteriostatic effect such 

as H2O2 and bacteriocins thus preventing the development of pathogenic 

microorganisms as E.coli. 
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LAB represent an whole part of the gastrointestinal environment (Fernandes et al., 

1987). The metabolism of probiotics depends on the fermentation mechanism.  As 

well as other gut microflora, LAB ferments different types of substrateas lactose 

(Gibson and Fuller, 2000). Intestinal LAB have a beneficial function in the 

metabolism and detoxification of harmful components entering the body by 

producing antioxidants and bacteriocins (Salminen, 1990).  

 

Grangette et al (2001) and Cross (2002) found that LAB control intestinal disorders 

due to antibodies that enhance the immune response. LAB can eliminate harmful 

bacteria from adhesion to the intestinal epithelial cells or by secretion of 

antimicrobial compounds such as bacteriocins and some organic acids (Reid, 2001). 

 

Boris et al (1998) explained vaginal LAB strains are capable of attaching or self-

aggregating with pathogen by surface proteins or lipoproteins. Both may help to the 

ejection of pathogens from the vaginal mucous membrane. 

 

1.3 Isolation and Identification of Lactic Acid Bacteria 

LAB applied as starter substances in the food industry, and their dietary needs are 

very complicated. Hence, their predominant environments of being rich in sugars, 

having amino acids, vitamins and living in environments with week oxygen, their 

frequency in milk products create health benefits for the consumer and enhance the 

flavor, texture and the nutritional quality of the food products (Stiles and Holzapfel, 

1997).  

 

The current study deals with the isolation, studying probiotic properities and 

identification of lactobacilli from dairy products and kefir samples collected from 

different sources in Turkey and Kyrgyzstan. For identification species of bacteria, 

https://www.powerthesaurus.org/ecologies
https://www.powerthesaurus.org/frequency
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both genotypic and phenotypic techniques were utilized to get accurate 

identifications. 

1.3.1 Phenotypic Identification 

Even if genetic identification methods are time saving and give very accurate results, 

phenotypic identification methods are very helpful especially in the differentiation at 

the genus level and decrease the number of isolates for genetic identification. 

To detemine LAB, phenotypic techniques, which incorporate morphological 

examinations and physiological and biochemical tests are generally applied.  

 

1.3.1.1 Morphological Methods  

Microscopic investigation is the initial criterion that provides data about the genus 

level and clarity of lactic acid bacteria. There are several staining tests to distinguish 

the bacterial cells as simple staining, endospore staining, capsule staining, acid fast 

staining and gram staining. The useful method for Lactobacillus identification is the 

Gram staining. According to Gram staining reaction, bacteria can be divided into 

Gram-positive and Gram-negative organisms. The LAB join to the Gram-positive, 

rod shape group. Round cells are named cocci, elongated rod cells are named bacilli 

and intermediry shape between cocci and bacilli are named cocobacilli (Garvie, 

1984). 

1.3.1.2 Physiological and Biochemical Tests  

The rule of classification includes physiological and biochemical tests (Stiles and 

Holzapfel, 1997). LAB were known as catalase negative and cannot arrange the 

degradation of H2O2 to water and oxygen. The absence of catalase activity is 

demonstrated by the absence of O2 production when cells are added to a drop of 

https://www.powerthesaurus.org/investigation
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diluted H2O2. This examination is one of the most helpful tests for the identification 

of LAB.  

Examination of growth ability at several temperatures is beneficial for the 

recognition of LAB and other species. The optimal temperature for growth changes 

between genera from 15
o
C to 45

o
 C. 

 

The pH tolerance test is another test to characterize probiotic LAB, which are 

tolerant of the gastrointestinal medium, capable of adhering to the intestinal tissues, 

and compete with gastric pathogens. The ideal pH for lactic acid production differs 

between 5.0 and 7.0. Their ability to tolerate low acidic conditions gives them an 

advantage over other bacteria (Wood and Holzapfel, 1995). 

 

Lactobacillus must have the proficiency to resist bile salts to survive through the 

intestinal tract and provide their therapeutic effect in the intestine of the host. 

Therefore, LAB strains need to be tolerant to low acidic environment and digestive 

enzymes. Also they could be able to grow when the concentration of bile salt is 0.3% 

(w/v). 

 

Some Lactobacillus species can tolerate 6.5 % NaCl concentration. NaCl inhibits the 

growth and survival of some bacteria (Hoque et al., 2010) 

 

Lactose utilization is one of the biochemical tests that is helpful to narrow the 

isolates number for the next biochemical tests and genetic identification 

(Klaenhammer and de Vos, 2011). The fermentation of lactose is called glycolysis or 

glycolytic pathway. Obligatory homo-fermentative LAB, that ferment lactose into 

lactic acid. The formation of lactic acid causes changes in the color of the phenol red 

indicator. 
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Generally, LAB can be defined as a facultative anaerobe that produces lactic acid as 

the basic final product from the fermentation of sugars. So, the structure of the final 

product is very essential for the discrimination of Lactobacillus species. 

 

Hoier, (1992) and Suskovic et al (1997) demonstrated that phenols have a 

bacteriostatic property and are one of the toxic metabolites produced during the 

digestion process. They are produced from some aromatic amino acids of nutritional 

compounds and proteins that undergo deamination by gut bacteria. So, the ability of 

Lactobacillus to tolerate phenol is one of the vital properties for probiotic LAB. 

 

LAB have many technological properties. Proteolytic activity is one of these 

properties and a very useful characteristic for lactic acid bacteria. Proteases are the 

enzymes that hydrolyze proteins and catalyze peptide synthesis (Ishtiaq Ahmed et al. 

2010) 

 

Casein→ peptone→ peptides→ amino acids 

 

LAB are known by their potent need for basic growth factors as some peptides and 

amino acids. However, there are not sufficient amounts of amino acids and peptides  

in milk to help the growth of bacteria (Abu-Tarboush, 1996). Therefore, these 

microorganisms perform their proteolytic analysis, to digest casein as nitrogen 

source. 

 

The reactions of proteolysis in milk improve the structure, nutritional quality of 

these products (El-Fattah, 2013). It has been discussed that proteolysis has 

significant effect in flavor and texture enhancing by the breakdown of proteins 

(Ávila et al., 2005). 
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1.3.2 Genotypic Identification 

Traditional microbiological examinations for phenotypical descriptions are 

considered inappropriate as they have restrictions in differentiating great numbers of 

isolates with identical physiological descriptions. Various DNA-based methods have 

been used to solve this problem (Mohania et al., 2008). Genetic assays performed 

alone or in association with each other for determination of LAB provide more 

accurate results in 16S rRNA gene sequencing and species-specific PCR (Rosseti 

and Giraffa, 2005). 

1.3.2.1 The 16S rRNA Gene Sequencing 

 

Ribosomes have minor subunit (30S) and major subunit (50S) in prokaryotes. The 

minor subunit has 16S rRNA while the major subunit has two RNA molecules (23S 

and 5S) rRNA. Completely or partially sequencing of the 16S rRNA gene is 

commonly applied for the determination of LAB. Ribosomes consist of proteins 

combined with rRNAs. This gene is approximately 1500 base pairs (bp) long. It 

makes 16S rRNA sequencing assay is fast and cheap (Mizrahi-Man et al., 2013). 

(Sacchi et al., 2002) demonstrated that even if sequencing of the whole gene is 

occasionally necessary, partially sequencing of variable regions is mostly common 

for identification. 

 

1.3.2.2 BLAST Analysis  

 

BLAST represents for Basic Local Alignment Search Tool, presented by the 

(NCBI), aligns request sequences versus those found in a chosen target databank. It 

can be obtained from (NCBI) BLAST website (http://blast.ncbi.nlm.nih.gov). The 

BLAST analyses were achieved for aligned sequences of each DNA. 
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In conclusion, phenotypic methods should be applied with genotypic techniques for 

precise identification. For limiting the number of isolates and rapid identification of 

bacteria in kefir. The phenotypic methods such as catalase test, Gram staining, acid 

and bile salt tolerance, temperature, phenol test, proteolytic activity, and 

carbohydrates fermentation patterns can be employed for genus identification, 

following by a genotypic examinations as partially or completely (16S rRNA) 

sequencing. Multiple sequence alignments can perform with the Clustal Omega 

program submitted by The European Bioinformatics Institute.  

1.4. Detection of Probiotic Bacteria in Kefir Using Real-Time PCR 

1.4.1 Real-time PCR (Species-Specific PCR) 

 

The real-time PCR method was performed because of its higher specificity and 

accuracy in the quantitative analysis (Higuchi et al., 1993). The real-time PCR 

method is faster to perform and contains fewer steps limiting cross-contamination 

than competitive PCR. In real-time PCR, dye molecules of fluorescent reporters 

attached to primers or double-stranded DNA binding dyes to hybridize with PCR 

products during the process of amplification.  

 

The alteration in fluorescence throughout the PCR is determined by a device that 

integrates thermal cycling with dye. There is a relationship between the amount of 

initial DNA and the amount of PCR product at each cycle. (Lipsky et al., 2001; 

Bonfini et al., 2007). The small diversity in gene expression between samples can be 

detected by real time PCR (Wong and Medrano, 2005). In microbial studies, the 

real-time PCR technique is frequently used to detect abundance of bacterial groups 

or even a specific species in a bacterial community. Also, real time PCR used for 

detection microbial population in Kefir and milk samples as shown in Table 1.1 
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Real time PCR analyses were done to detect the different populations in kefir 

samples and SYBR Green I method was used. In that, the amount of fluorescence 

signals increases after certain PCR cycle and this cycle is named as ―threshold 

cycle‖ or ―Ct‖ value. To set the Ct values, the baseline needs to be adjust by the 

device’s software. To determine the threshold level, the amplification curves are 

presented in logarithmic mode (Ahmed et al., 2017). 

 

Melting curve reaction is an estimation of dissociation mechanism of dsDNA during 

the increasing in temperature, draws the change in the fluorescence detected when 

double stranded DNA with integrated dye molecules separates into single-stranded 

DNA. The temperature that half of DNA is denatured, pointed to the melting 

temperature (Tm). 

 

Table 1.1 Detection of  lactic acid bacteria and yeast of kefir, kefir grains and dairy 

product using real time PCR. 

 
Target Source References 

Lactobacillus/Lactococcus spp., 

Lactic acid bacteria, 

Acetic acid bacteria,  

Enterococcus spp.,  

Streptococcus spp.,  

Candida spp 

Saccharomyces spp 

Kefir Grain and 

Fermented 
Kefir Milk 

Kim D. H et al., 

2015a 

 

L. kefiranofaciens 

 

Kefir Grain and 

 Kefir Milk 

 

 

Kim D. H  et al., 

2015b 

L. kefiri kefir milk Kim  D. H et al., 2016 

L. helveticus Dairy products Moser A. et al., 2017 

javascript:;
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L. acidophilus 

L. delbreuckii  

L. casei 

Taiwan dairy products  Kao Y. T. et al., 2007 

 

L. acidophilus, L. brevis,  

L. delbrueckii subsp. bulgaricus,  

L. helveticus, L. reuteri 

 

 

yoghurt 

 

Herbel R.S. et al., 

2013 

 

 

1.4.2. SYBR Green I method  

 

SYBR Green dye presents a simple and credible assay in real-time PCR. It binds to 

(dsDNA) and the strength of the fluorescent increases at each step of the real time 

PCR (Howell et al.,1999). However, SYPR green may detect any dsDNA as non-

specific amplicons or primer dimers.  

In this technique, melting analysis are performed to ensure the accurately of the real 

time PCR using SYBR Green dye. By increasing the temperature, the DNA product 

dissociates into a sdDNA that causes the release of SYBR Green lowering the 

fluorescent signal. Melting plots are determined as the relation between fluorescence 

emission against the temperature. A peak formation can be used for recognition of 

specific amplicon in the melting curve (Querci et al., 2010). 
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Figure 1.2 SYBR Green I real-time PCR assay (applied biosystems) 

1.5 Microbiota of Kefir  

Kefir grains consist of many microbial compositions like yeasts, lactic acid bacteria 

(LAB) and acetic acid bacteria. These microbial species are categorized into 4 

groups: heterofermentative LAB, homofermentative LAB, non-lactose, and lactose 

assimilating yeasts (Prado et al., 2015). 

 

Homofermentative LAB including L. kefiranofaciens, L. delbrueckii ssp. bulgaricus, 

L. paracasei ssp. paracasei, L. acidophilus and L. plantarum are predominant 

species. However, these species are detected at 20% level of total Lactobacillus in 

the final kefir product while the rest is the L. kefiri (Zanirati et al., 2015), 

heterofermentative LAB, combining L. parakefiri, L. kefiri, L. brevis and  L. 

fermentum and strains of L. lactis (Leite et al., 2012; Leite et al ., 2013).  

 

The mixture of lactococci, lactobacilli, yeasts and acetic acid bacteria are adhere 

together by a protein-polysaccharide matrix (Antoniou and Dimitreli, 2008). Garrote 

et al (2001), Simova et al  (2002), Zhou et al (2009) and Miguel et al., (2010) 

discussed that the predominate lactobacilli detected from kefir grains were L. 

kefirgranum, L. kefiranofaciens, L. parakefiri, L. kefiri, L. delbrueckii, L. 

acidophilus, L. brevis, L. casei, L. paracasei, L. plantarum, L. fermentum, L. 

helveticus  . 

 

Magalhães et al (2011) and Rattray and O’Connel (2011) outlined that LAB is 

primarily responsible for lactose production from lactic acid present in kefir 

beverage, which decreases pH and preserves milk. The other microbial population in 

kefir includes lactose fermenting yeasts that form ethanol with carbon dioxide. Also, 
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acetic acid bacteria and non lactose fermenting yeast have a role in the fermentation 

process. 

 

Furthermore, over 23 different yeast species have been detected from grains of kefir 

and many fermented products of various regions. However, S. unisporus, Candida 

kefyr and S. cerevisiae are the predominant microrganisms (Witthuhn et al., 2004; 

Zanirati et al., 2015). 

 

The grains swell in about 5.0 -7.0 % of their mass after fermentation process. The 

ratio of microorganisms in the grains varies in the final product during their growth 

in milk. There are different conditions for fermentation processes such as type of 

milk, fermentation temperature, fermentation time, grain and inoculum proportion 

and the distribution of microorganisms explained by (Rattray and O’Connel, 2011; 

Ray and Montet, 2017). 

 

Gao et al (2012) and Altay et al (2013) conclude that the microbial population differs 

depends on the substrate, origin of kefir and the methods of culturing. Taiwan kefir, 

Russian kefir, Irish kefir and Turkish kefir composition varies from that of Tibetan 

kefir. 

 

Yeasts and lactococci are present in the exterior layer of the kefir grain. However, 

more yeasts cells were found in the interior layer and the number of lactobacilli was 

much higher (Prado et al., 2015), then hypothesis proposed about grain formation 

mechanismis that S. turicensis and L. kefiranofaciens aggregate to small granules 

and L. kefiri and Kluyveromyces marxianus attach to the surface of these granules to 

form thin biofilms. Then the yeasts and Lactobacillus associate with the biofilm to 

form the kefir grains (Wang et al., 2012; Hamet et al., 2013). The survival of 
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microorganisms in kefir grains affects by the existence of each other, due to the 

symbiotic relationship between strains. (Farnworth and Mainville, 2008). 

 

The microbial composition of kefir grains and kefir milk consists of several species 

of lactic acid bacteria, acetic acid bacteria and yeasts which promote a beneficial 

symbiotic relationship within a microbial environment (Farnworth, 2005). In 

addition to the variety of these microbial species is specified by the area of origin 

(Lin et al., 1999). Microbial population of Kefir grains and beverages from different 

origins can shown in Table 1.2 

 

1.5.1 Lactobacillus casei  

L. casei, L. paracasei, and L. rhamnosus are closely related together, they are 

regarded as the L. casei group. Phylogenetic tree of these isolates shows in Figure 

1.3. These strains have very homogeneous physiological characteristics and 

nutritional needs and survive under the same conditions. L. casei is rod, gram 

positive and facultatively heterofermentative (Salvetti et al., 2012).  It is used in 

fermented dairy products as probiotics to enhance human health (Reid, 2015; 

Orlando et al., 2016). On the other hand,  L. casei subsp. pseudoplantarum is one of 

the beneficial certified probiotics to treat the gastrointestinal diseases. 

 

(Collins et al. 1989) demonstrated that according to 16S rRNA gene sequences many 

subspecies recognized as L. casei were reclassified to other species. L. casei subsp. 

alactosus and L. casei subsp. pseudoplantarum were renamed L. paracasei subsp. 

paracasei, and L. casei subsp. tolerans was reassigned to L. paracasei subsp. 

tolerans. 

 

1.5.2 Lactobacillus  paracaei 
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L. paracasei is rod-shaped, facultatively heterofermentative, and belongs to the 

phylogenetic group L. casei. It can grow between 10°C and 40°C but many strains 

can grow between 5°C and 45°C (Holzapfel and Wood, 2014). L. paracasei can be 

grow in the digestive tract of humans and in the fermented milk products. The 

metabolic end products during the growth from these energy sources are actually 

lactic acid, but ethanol, acetic acid also occur (Makras et al., 2005).  

L. paracasei can produce substances with antioxidant activity, it can degrade 

superoxide anion and hydrogen peroxide. Also it has the ability to prevent free 

radicles (Ayeni et al., 2011). 
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Figure 1.3 Genome-based phylogenetic analysis of the L. casei group (Toh H. et al., 

2013). 

 

 

 

Table 1.2 Microbial population of kefir grains and beverages from different origins.   

Source Country Species isolated and identified References 

Kefir grains 

and milk  

Argentina L. kefiranofaciens, L. plantarum, L. lactis ssp. 

lactis, Kluyveromyces marxianus,  

S. cerevisiae, L. kefiri,  Acetobacter sp.,   

L. parakefiri, L. paracasei 

 

Garrote et 

al., 2001; 

Hamet et 

al., 2013 

Kefir grains 

and milk 

Belgium L. kefiri, Lactococcus lactis, L. 

kefiranofaciens, Lactococcus lactis ssp. 

cremoris, Kluyveromyces marxianus, 

Kazachastania khefir 

 

Korsak et 

al., 2015 

Kefir grains 

and milk  

Bulgaria L. brevis, L. helveticus, L. casei ssp. pseudo 

plantarum, L. delbrueckii ssp. bulgaricus, Str. 

thermophilus,  S. cerevisiae,  

L. lactis  

 

Simova et 

al., 2002 

Kefir grains Brazil L. kefiri, Lactococcus lactis,  L. paracasei,  

L. helveticus, L. crispatus, L. kefiranofaciens, 

S. cerevisiae, Leuconostoc sp., Streptococcus 

sp., Acetobacter sp., Bifidobacterium sp.,  

L. amylovorus, L. parakefiri 

 

Leite et al., 

2012; 

Zanirati et 

al., 2015 

Kefir milk Brazil L. paracasei, L.casei, L. kefiri, Lactococcus 

lactis, Kluyveromyces lactis,  

L. parabuchneri kazachstania aerobia,  

S. cerevisiae, Lachancea meyersii 

Magalhaes 

et al., 2011 
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Kefir grains   Taiwan 

 

L. kefiranofaciens, L. kefiri, Leuconostoc 

mesenteroides, Saccharomyces turicensis, 

Lactococcus lactis 

 

Chen et al., 

2008; Wang 

et al., 2012 

 

Table 1.2 Microbial population of kefir grains and beverages from different origins.  

(continued) 

Co   Source Country Species isolated and identified Reference 

Kefir 

grains   

Russia L. paracasei, L. casei, L. kefiri, L. 

kefiranofaciens, S .cerevisiae, L. lactis ssp. 

cermorisllactis  

 

Kotova et al., 

2016 

Kefir 

grains  

Italy 

 

Bacillus sp., L. kefiranofaciens, Lactococcus 

lactis, Enterococcus sp., S. thermophilus   

 

Garofalo et al., 

2015 

Kefir 

grains  

 

South 

Africa 

Lactococcus lactis,  L. brevis, L. delbrueckii 

ssp. bulgaricus, L. plantarum, L. helveticus 

 

Witthuhn et 

al., 2004, 2005 

Kefir 

grains  

Turkey L. helveticus, L. kefiranofaciens,  

L.  acidophilus, L.  helveticus, L. amylovorus, 

L. gallinarum, Streptococcus thermophilus, 

Kluyveromyces marxianus 

 

Kok-Tas et al., 

2012; 

Nalbantoglu et 

al., 2014 

 

Kefir 

milk  

 

Turkey Lactococcus lactis, Lactococcus cremoris,  

Streptococcus thermophilus, S. durans 

Yüksekdag et 

al., 2004  

Kefir 

milk 

and 

grains  

Turkey Leuconostoc mesenteroides, L. kefiri, 

Lactococcus lactis, L. acidophilus,  

Streptococcus thermophilus, L.  kefiranofaciens  

Guzel-Seydim 

et al., 2005; 

Kesmen and 

Kacmaz, 2011 

 

Kefir 

milk 

Turkey Leuconostoc mesenteroides, L. brevis, L. 

plantarum, S. cerevisiae, L. paracasei, 

Merih K. and 

Evrim Y., 
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 Lactococcus lactis, Kluyveromyces marxianus 2015 

 

 

 

1.5.3 Lactobacillus plantarum 

L. plantarum is one of the investigated probiotic microorganism used in the food 

industry (Sudhanshu et al., 2018). It is straight rods, found singly, paired or in 

chains, facultatively heterofermentative, grow at 15°C but not at 45°C and non-

motile (Holzapfel and Wood, 2014). L. plantarum present in most of the foods that 

are lactic acid fermented and also found in the digestive tract of humans (Molin, 

2008). L. plantarum can survive in the acidic stomach in humans at pH less than 4.0, 

so it is highly tolerant to low pH. L. plantarum can ferment many carbohydrates 

indicate that it can adapt to different environments. The microorganism can convert 

tannins into flavonoids and phenolic acids which has useful antioxidant properties 

(Molin, 2008). 

L. plantarum can not synthesize certain vitamins and amino acids that are important 

for their growth. A study by Ma et al. (2016) demonstrated that L. plantarum needs 

six amino acids to ferment the milk. Besides, mineral salts had a stimulating effect 

on growth but were not essential. Since L. plantarum is vitamin auxotroph, it 

requires vitamins for growth from the milk (Ma et al., 2016). 

 

1.5.4 Lactobacillus acidophilus 

L. acidophilus is one of the most suggested probiotic organisms for dietary use 

(Shah, 2007). It is a gram positive, rod shape, non flagellated, non motile 

microorganism and intolerant to salt. Moreover, It is an anaerobic microorganism 

and contains mainly homofermentative lactobacilli, but some are facultative 
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heterofermentative (Hutkins, 2006). L. acidophilus is distributed in the 

gastrointestinal and perform an important function of the indigenous microflora of 

human. It helps in absorption of nutrients and digestion process. Also it aids treating 

lactose intolerance caused due to the deficiency of lactase enzyme. 

 

1.5.5 Lactobacillus intestinalis 

L. intestinalis is non spore forming rods, gram-positive bacteria and facultatively 

anaerobic rods. It has low G+C contents which is a factor that can differentiate this 

species from other homofermentative species (Fujisawa et al., 1990). 

 

Lauer et al. (1980) found that L. intestinalis strain CNRZ 219 had a DNA homology 

group which did not show high similarity with any strain of L. acidophilus group. 

 

 1.5.6 Streptococcus thermophilus 

Streptococcus thermophilus used in food fermentations. It has been used with L. 

delbrueckii subsp bulgaricus to make yogurt for long time. Moreover, S. 

thermophilus has also been applied in different industrial products such as fermented 

milk products and cheese. It helps to accelerate the acidification rate and enhance the 

flavor and texture quality of these dairy products. In addition to, S. thermophilus has 

different probiotic effects such as antioxidant activities and inhibition of specific 

pathogens (Adolfsson et al., 2004; Iyer et al., 2010). 

 

1.5.7 Saccharomyces cerevisiae 

Pilar et al (2018) proposed that many Saccharomyces yeast species have strains with 

probiotic potential. Also meire et al (2017) reported that S. cerevisiae has the ability 
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to digest nutrients, antagonism to pathogen, anti-oxidant effect, adhesion to 

epithelial cells. 

S. cerevisiae is the most lactose-negative strain of the kefir yeast isolates. It 

promotes an alcoholic aroma along with a refreshing taste and improves the sensory 

qualities of the kefir beverage (O’Brien, 2012). 

 

1.5.8 Lactobacillus helveticus 

L. helveticus is a  significant industrial organism and is mostly used in the 

fermentation of milk for manufacturing different kinds of cheese. Various studies 

found that L. helveticus has many probiotic characteristics such as the capability to 

adhere to the epithelial cells, survive gastrointestinal passage and inhibit pathogens. 

Also, L. helveticus could benefit the host by promoting the bioavailability of 

nutrients, eliminating allergens and other unuseful molecules from food and 

producing bioactive compounds (Valentina and Simone, 2012). 

L. helveticus is a member of the L. acidophilus subgroup. It is hardly recognizable 

by physiological tests and biochemical tests from other closely related 

homofermentative lactobacilli such as L. amylovorus, L. crispatus, L. acidophilus, L. 

gasseri, L. johnsonii and L. gallinarum (Holzapfel and Wood, 1998). The 

Phylogenetic tree between these Lactobacillus species can shown in Figure 1.4. 

 

1.5.9 Lactobacillus gallinarum 

L. gallinarum is a rod-shaped microorganism, obligate homofermentative and it is 

tolerant to 4.0% sodium chloride. It is mainly found in dairy and non-dairy products 

with L. helveticus (Guan et al., 2003; Meroth et al., 2004; Moroni et al., 2011). 

L. gallinarum, L. acidophilus, L. johnsonii, L. crispatus, L. amylovorus and L. 

gasseri are suggested as proper species in the L. acidophilus complex group (Klein 
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et al., 1998). L. gallinarum is not a significant species from a technological view and 

its potential existence in dairy products was considered (Van Hoorde et al., 2008; 

Bujnakova et al., 2012). Identification of L. gallinarum may become essential in the 

future, because of its antimicrobial properties. 

 

 

 

Figure 1.4 Phylogenetic placement of L. acidophilus subgroup with in the 

Lactobacillus genus (Matthew B, 2013). 
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1.5.10 Lactobacillus kefiri 

L. kefiri is a Lactobacillus strain, it has some antibiotic resistence, safe for human 

consumption and has anti-inflammatory properties (Drago et al., 2016).  

(Kandler and Kunath, 1983) discussed several useful effects including toxin 

neutralization, antimicrobial activity, suppression of food borne pathogens, 

modulation of the immune response and elimination of hyper cholesterolemia have 

been detected by L. kefiri. 

 

1.5.11 Lactobacillus kefiranofaciens  

L. kefiranofaciens is one of the most extensively investigated species among kefir 

microbiota because of its functional properties and beneficial health effects as 

antitumor and anti-inflammatory activity (Ahmed et al., 2013; Chen 2012 and 2013). 

L. kefiranofaciens isolated from the grains produce kefiran, it contains 

approximately equal amounts of glucose and galactose. Kefiran is used as a 

thickener, stabilizer to improve the quality and taste of kefir.  

 

1.5.12 Lactobacillus fermentum  

 

L. fermentum is a heterofermentative inhabitant of the digestive system and is often 

isolated from human biological samples (López-Huertas 2015). This species was 

previously declared for its various probiotic properties (Barretto et al., 2016). The 

consumption of L. fermentum and L. amylovorus modifies the microbial population 

exist in the gut and it provides certain metabolic effects influencing energy 

production and body fattiness (Dibaise et al., 2008). The results of Xiao et al (2011) 

indicate that L. fermentum has the ability to decrease cholesterol, tolerate acid and 

bile salt and inhibit pathogens.  
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1.5.13 Lactobacillus amylovorus 

L. amylovorus presents features typical of homofermentative Lactobacillus species. 

It is an anaerobic, rod, Gram positive, nonmotile bacteria. It belongs to the L. 

acidophilus group according to taxonomic studies. It requires several vitamins for 

growth (Kant, 2011).  

L. amylovorus is an plentiful Lactobacillus species survive in the intestines of piglets 

and it exhibits different probiotic properties such as antimicrobial efficiency versus 

gastric pathogenic microorganisms (Konstantinov et al., 2006, 2008; Roselli et al., 

2007). 

 

1.5.14 Lactobacillus delbrueckii subsp. bulgaricus 

L. delbrueckii subsp. bulgaricus and Streptococcus thermophilus are thermophilic 

bacteria and they are highly adapted to grow on lactose and convert it into lactic 

acid. L. bulgaricus performs proteolytic activity that are useful in the protein rich 

substrate (Klaenhammer et al., 2008), because it has good adaptability to milk 

substrates and low pH values (Delley and Germont, 2002). 

 

1.5.15 Lactobacillus zeae 

Lactobacillus casei group, which contains several probiotic bacteria, as the species 

L. casei, L. paracasei, L. rhamnosus, and L. zeae ( Collins et al.,1989). 

A marked finding from (Tao et al., 2020) study, indicating that L. zeae could 

effectively reduce diarrhoea in piglets. And the consumption of  L. zeae had effects 

on controlling expressions of genes related to inflammation and anti-oxidation, 

which can relieve the inflammatory response and improve intestinal health. 
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1.6 Probiotic Properities of Lactic Acid Bacteria 

Lactic acid bacteria are isolated from different food products and they are used as 

probiotics, confer health benefits on the host when consumed in sufficient amounts 

(Quinto et al., 2014). 

They are skilful in suppressing the growth of pathogenic organisms through various 

techniques such as attachment to epithelial cells, modification of the immune system 

and production of antimicrobial substances. They have the ability to grow and 

survive under various conditions (Palachum et al., 2018). The isolates should be able 

to tolerate low pH of gastric juice with resistance to bile salts. They also have some 

health benefits like antimicrobial actions, toxin reducing agents, and promoting 

immune system (Chiang and Pan, 2012; Berardi et al., 2013).  

LAB enhance the balance of the microbial community in the intestine, allow 

protection against pathogen, and prevent or treat intestinal diseases (Gionchetti et al., 

2000). These effects are performed by secretion of antimicrobial substanecs and 

competition with harmful bacteria (Fons et al., 2000). LAB have many technological 

skills such as proteolytic, lipolytic, acidification, texturizing, thickening coagulation, 

aroma  production (Pitino et al., 2010). 

 

1.7 The aim of the study 

 

 Kefir is a fermented milk beverage, weakly acidic and slightly alcoholic taste and 

has been a traditional beverage in Turkey. It is fermented by the reaction of probiotic 

strains that found in symbiotic associations in the kefir grains. Probiotic strains are  

microorganisms that are intended to have health benefits when consumed in a 

sufficient quantity. Probiotics are non-toxic, non-pathogenic and resistant to 
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pancreatic secretions and stomach acids such as bile and digestive enzymes and this 

property would be important in the small intestines for probiotics having to survive 

in high numbers.  

 

Kefir is utilized by the fermentation of milk using kefir grains that have a complex 

microbial symbiosis of LAB, some yeasts and acetic acid bacteria. The interest in 

kefir consumption or probiotic strains is growing day after day because people 

become more conscious of its beneficial and medical effects. This growing desire for 

probiotics leads to the improvement in the food industry and finding new strains 

with probiotic properties that are favorable for kefir production. 

 

The study aimed to characterize the probiotic properties of the LAB from five 

different Turkish kefir samples and one milk product from Kyrgyzstan. Turkish kefir 

was chosen for studying its strains since the microorganisms exist in kefir depend on 

the origin of kefir grains and differ from one country to another (Guzel S. 2005). 

 

This study included mainly four parts. In the first part, four home-made kefir grain 

samples were collected from Ankara, Istanbul in Turkey and AOC, a commercial 

kefir sample and one milk product from Kyrgyzstan for comparison. Kefir milk was 

prepared from these kefir grains. In the second part, different LAB and yeasts were 

determined by real time PCR with specific primers. In the third part, lactic acid 

bacteria were isolated from five kefir and milk samples and the isolates were 

identified using microscopic and biochemical methods. The fourth part included the 

genotypic identification for 30 LAB isolates using the 16S rRNA method. In our 

study, we focused on isolation lactic acid bacteria, particularly lactobacilli since 

Lactobacillus species are among the most prevalent microorganisms found in kefir 

(Slattery C. et al ., 2019).  Therefore, this study intended to have information about 

the genotypic variety of probiotics in the homemade kefir. 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1 Collection of Samples 

Homemade kefir grains were collected from Istanbul and Ankara in Turkey. In 

addition to these grains, one milk product sample (semi-solid) was kindly brought 

from Kyrgyzstan by Prof. Dr Kamuran Ayhan (Ankara University) and one 

commercially kefir sample was available from the manufacturer, Ataturk Orman 

Çiftliği (AOC), it was used for comparison of microbial populations with the 

homemade samples. The samples were collected and transported to our lab in the 

Food Engineering Department at the Middle East Technical University (METU). 

The origins of kefir and milk samples are given in Table 2.1. 

 

Table 2.1 Origins of homemade kefir and milk samples 

No Sample name Source Origin 

1 (K1) Commercial kefir sample (AOC) Turkey, Market 

2 (K2) Homemade kefir grains from Ankara Beypazari 

3 (K3) Homemade kefir grains from Ankara Malikoy 

4 (K4) *Milk product sample from Kyrgyzstan Kyrgyzstan 

5 (K5) Homemade kefir grains from Istanbul Çatalca 

6 (K6) Homemade kefir grains from Istanbul Çerkezköy 

*Semi-solid milk product  



 

 

35 

 

2.2 Kefir Preparation from Kefir Grains 

Otles and Cagindi (2003) discussed the traditional method of producing kefir: 

The active kefir grains were transfered to pasteurized milk. The milk was covered, 

placed in warm conditions (30
o
C). After that, the milk was incubated until lightly 

thickened and aroma was pleasant. It takes 24 hours in room temperatures (25-30
o
C) 

or less than 24 hours at warmer temperature. After fermentation, the milk texture 

was changed,  the grains were removed from the kefir beverage. The kefir grains 

were kept in a new batch of distilled water and were preserved at -20
o
C.    

 

2.3 Real Time PCR Assay (RT PCR) 

A real time PCR assay was performed to detect and determine the populations of 

kefir and milk product samples. 

 

2.3.1 Selection of the Primers for Real-time PCR 

In real-time PCR, species-specific primer pairs were used to detect different strains 

of the species L. kefiri, L. casei, L. delbrueckii subsp. bulgaricus, L. 

kefiranofaciens, L. fermentum, L. plantarum, S. cerevisiae,  S. thermophilus, 

L.sobris \amylovorus, L. acidophilus and L. paracasei (Table 2.2). 
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Table 2.2 The oligonucleotides primers.  

 Strain Sequence References 

1 L. acidophilus 

 

For: CTTTGACTCAGGCAATTGCTCGTGAAGGTAG 

Rev: CAACTTCTTTAGATGCTGAAGAAACAGCAG 

CTACG 

 

Herbel (2013) 

2 L. kefiri 

 

For: 5'GGGAGATGCCCATGTTGGT-3  

Rev: 5'AAGCTTTCGAAGTGCCTGTGA-3 

Kim et al., 

(2016)  

 

3 L. delbrueckii  

subsp.  

bulgaricus 

 

For: GAACTTGATGTTGTTGAAGGGATGCAATTCG 

Rev: GAGCGGCCTTGTTGCACGATTTC(439-461) 

 

Herbel (2013)  

4 L. 

kefiranofaciens 

For: 5CAGTTCGCATGAACAGCTTTTAA-3 

Rev: 5'-GCACCGCGGGTCCAT-3' 

 

Dong et al., 

(2015) 

 

5 L. fermentum  

 

For:   AAC CGA GAA CAC CGC GTT AT      

Rev: ACT TAA CCT TAC TGA TCG TAC ATC  

AGT CACA     

 

Monique and 

Jan (2006) 

6 L. plantarum 

 

For:  TGG ATC ACC TCC TTT CTA AGG AAT          

Rev: TGT TCT CGG TTT CAT TAT GAA AAA ATA 

 

 

Monique and 

Jan (2006) 

7 L. sobrius\ 

amylovorus        

For: TTCTGCCTTTTTGGGATCAA 

Rev: CCTTGTTTATTCAAGTGGGTGA 

Romain Marti 

et al., (2010) 

8 Streptococcus 

thermophilus      

For:  GGTCCAAGAAGAAGTAATTGA 

Rev: GACCTTATACAAATCTGGTT 

 

 

Abd El -Aziz 

et al., (2014) 

9 Saccharomyces 

cerevisiae      

 

 

For:  ACATATGAAGTATGTTTCTATATAACGGGTG 

Rev: TGGTGCTGGTGCGGATCTA 

 

Abd El-Aziz 

et al., (2014) 

10  L. casei For:  CTA TAA GTA AGC TTT GAT CCG GAG ATT  

Rev: CTT CCT GCG GGT ACT GAG ATG T 

 

Monique and  

Jan (2006) 

11  L. paracasei For: ACATCAGTGTATTGCTTGTCAGTGAATAC 

Rev: CCTGCGGGTACTGAGATGTTTC 

Haarman and 

Knol (2006) 
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2.3.2 DNA Extraction for Real-Time PCR 

The total DNA from the kefir and milk product samples were extracted using Poland 

EURX DNA purification kit following the manufacturer’s procedures. 

Two ml of the kefir and milk product samples were taken to a microcentrifuge tube 

and centrifuged to separate pellets. A pellet was taken, Res f E 750 µl was added and 

mixed. 60 µl Lyse FE with 10 µl Proteinase K was added. Short vortex was used. 

The lysate was centrifuged for 5 min and 400 µl supernatant was transferred to a 

new tube. 400 µl PR buffer was added, vortexed for 5 seconds, and was incubated on 

ice for 5 min. 600 µl of the supernatant was transferred to a new 2 ml 

microcentrifuge tube. 600 µl Sol FE buffer and 600 µl of 96-99% ethanol were 

added and mixed well. Centrifugation briefly was done after each step. 40 µl of 

buffer FE was added to the spin column. 600 µl of the supernatant was transferred to 

the spin column. 500 µl Wash FEx buffer was added. 50-100µl of elution buffer was 

added. The spin-column collection tube was incubated for 5 min at room conditions. 

DNA was ready for further analysis. 

2.3.3 Detection of Different Bacteria and Yeast Species in Kefir Using Real-

Time PCR 

Applied Biosystems 7500 Real-time PCR was used. ROX dye was the reference dye 

used to normalize fluorescent reporter signal.  

 

2.3.4 Preparation of Real-Time PCR Master Mix 

A master mix was used for real-time PCR reactions according to standard kit 

procedures (Table. 2.3). 
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Table  2.3  Real Time PCR materials 

Reagent Amount (µl) 

DNA 2 

Master mix (SYBR Green) 5 

For. primer, Rev. primer 0.5 

H2O 17 

Total amount 25 

 

2.3.4.1 Dispensing the Master Mix: 

Master Mix was distributed into the wells of a real-time PCR plate.  

2.3.4.2 Addition of Template DNA 

2 μl of DNA was added, containing the master mix and the tubes were covered with 

optical adhesive covers. Tubes were centrifuged before placing them into the 

thermocycler and real-time PCR was performed according to SYBR Green 

conditions. A control without template (primer control) was run in every set-up. 

 

Program of SYBR Green real time PCR  

Step 1:  50°C, 2 min  

        2:  95°C, 10 min (denaturation) 40 cycles 

        3:  95°C, 15 sec (annealing) 

        4:  60°C, 1 min (elongation)  

        5:  (Dissociation step) 

Melting plot analysis was measured directly by increasing temperature (65-95°C to 

determine the specifity of real time PCR reaction. 
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Figure 2.1 Real-time PCR program  

 

2.3.5 Real-Time PCR Analysis 

Each real-time PCR was repeated three times and the data were examined using the  

real-time PCR 7500 system for detection of gene expression. Threshold cycle  (Ct) 

for each gene was determined. Amplification and melting curve were analyzed. 

2.4 Isolation of the Lactic Acid Bacteria from Kefir Samples 

Serial dilutions of kefir samples were done from 10
−1

  up to 10
−6

.  One milliliter of 

these dilutions was poured in plates of de Man, Rogosa, and Sharp (MRS) media 

agar (Oxoid, UK). They were incubated at 37°C for 48 -72 h anaerobically using a 

gas pack (Anaerocult C, Merck). After incubation, colonies were randomly picked 

up from each plate. The colonies that showed certain morphological differences in 

shape, color and size were supposed to be LAB. Streaking method was done for each 

colony and only a single colony was used to obtain pure cultures (Khalil and Anwar, 

2016). 
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2.4.1 Phenotypic Identification of the Isolated Bacterial Strains 

 

All of the pure isolates were tested for catalase reaction and Gram staining. Gram 

positive and catalase negative isolates were preseved in broth medium with 20% 

glycerol at  -80°C for next studies. 

2.4.1.1 Gram Staining 

Gram color staining (Merck) was used for all isolated bacteria. A single colony was 

put on a clean slide, dry and then heat fixed. It was submerged with crystal violet 

solution, washed with distilled water after 1 minute and covered with iodine. 

Afterthat it decolorized with ethyl alcohol and water. After that, safranin was used, 

washed again with water and dried. The slides observe under oil immersion (100X) 

(MacFaddin, 2000). 

2.4.1.2 Catalase reaction 

Few drops of  hydrogen peroxide(3%) was added to bacterial culture. Bubbles 

formation indicated to catalase (+) and no bubble formation indicated to catalase (-) 

(MacFaddin, 2000). 

2.5 Biochemical Characterization of the Isolated Bacterial Strains 

Identification of the isolated bacteria as Lactobacillus species was done according to 

their cultural, morphological, physiological and biochemical tests by the methods as 

explained in Bergey’s Manual of Bacteriology. The rod gram positive and negative 

catalase isolates were examined for their temperature, pH, bile salt, NaCl, and 
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phenol tolerance test. Also, lactose production, sugar fermentation, and proteolysis 

activity tests were performed. All experiments were replicated twice. 

2.5.1 pH Tolerance Test 

The isolated bacterial cultures were transfered into sterile MRS broth of different pH 

2, 2.5, 3, 4, and 6 adjusted by 10 N HCl and 1N NaOH, incubated at 37°C for 48 h. 

Negative control was used. Results were recorded by observing the turbidity of the 

broth media after 48 h and no growth was observed in the control (Mannan et al., 

2017).  

2.5.2 Temperature Tolerance Test 

The bacterial cultures were inoculated into sterile MRS broth and incubated in a 

different temperature at 25°C, 37°C, 40 or 45°C for 48h. Only media was used as a 

negative control. Results were detected by seeing the turbidity of the media after 48 

h and no growth was seen in the control (Papamanoli et al., 2003). 

2.5.3 NaCl Tolerance Test 

MRS broth with 2%, 4%, or 6.5% NaCl concentrations was prepared, inoculated 

with 1% fresh culture of the bacteria, and incubated for 24- 48 hours. Only media 

was used as a negative control. Results were detected by observing turbidity after 48 

h and no growth was seen in the control (Chakraborty and Bhowal, 2015; Mannan et 

al., 2017; Aarti et al., 2018). 
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2.5.4 Phenol Tolerance Test 

MRS broth media containing 0.4% of phenol concentration was prepared for the 

detection of phenol tolerance. The broth was inoculated with bacterial culture and 

incubated at 37°C for 48 h. Results were confirmed by observing turbidity after 48 h 

and no growth was observed in the control (Chakraborty and Bhowal, 2015). 

2.5.5 Lactose Utilization 

The acid production by bacterial cultures was determined by observing the color  

changing of the medium. The sterilized medium was prepared as followed: 10g 

peptone, NaCl 15g, phenol red 0.018g, lactose 5g and 1L distilled water, inoculated 

with bacterial cultures, and kept at 37°C for 48 hours. Change of color to yellow 

indicates the formation of lactic acid (Pundir et al., 2013). 

2.5.6 The Proteolytic Activity of Lactic Acid Bacteria 

The proteolytic activity protocol was described by Phyu et al (2015) with 

modifications. All isolated bacterial cultures were examined for their ability of 

protease utilization on a skim milk agar plate plate (skim milk 2.8% , casein 0.5%, 

yeast extract 0.25%, dextrose 0.1% and agar 1.5%). The bacterial culture were used 

for agar-well diffusion assay. Wells of 5 mm in diameter were done on skim milk 

agar. To each of the wells, 25 μl from each broth was added. After incubation, the 

diameter of clear zone was measured in mm (Phyu et al., 2015). 
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2.5.7 Bile Salt Hydrolase 

Bile salt hydrolase activity of lactobacilli isolates was applied by agar plate assay. 

Agar plates of the MRS medium were prepared with 0.5% (w/v) of the 

taurodeoxycholic acid (TDCA) and glycolic acid (GCA). All plates were inoculated 

with an overnight culture by using a 10-μL loop. Plates were placed in anaerobic 

conditions at 37°C for 48-72 h. Precipitated acid was observed around colonies 

detecting highly active strains within 48 h and bile salt hydrolysis was represented at 

two ways: The formation of precipitate around colonies or the production of granular 

white colonies (Mahrous, 2011). 

 

2.5.8 Carbohydrate Fermentation Test 

The sugar fermentation test was done using 1% (w/v) sugar in MRS broth medium. 

Different sugar substrates namely glucose, sucrose, maltose, mannitol, and lactose 

were applied in this test. Phenol red was used as an indicator. Durham’s tube was put 

inversely in each of the broth test tubes. The media without inoculation was used as 

a negative control. Results were spotted by the color changing from red to yellow 

color and gas formation in durham’s tube (Promot et al., 2018). 

2.6 Genetic Characterization of Isolates 

The bacterial isolates were identified by sequencing of specific regions of ribosomal 

DNA (16S rRNA gene). This procedure was performed in BM Laboratuvar 

Sistemleri in Ankara-Turkey. 
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2.6.1 Extraction of Genomic DNA of LAB Isolates 

Eurx Gene Matrix Tissue and Bacterial DNA isolation kit (Poland) were used for 

DNA isolation of bacterial samples with the protocol in the link below: 

https://eurx.com.pl/docs/manuals/en/e3551.pdf 

2.6.1.1 DNA Binding Spin-Column Activation 

30 μl of activation Buffer T was applied onto the DNA binding spin-column and 

kept until the lysate was transferred to the spin-column. 

 
2.6.1.2 Bacterial Sample Preparation 

The bacterial colony suspended in 300 µl buffer Lyse BG. 50 µl buffer BL and 2 µl 

RNase A were added to the cell suspension, and was incubated after that at 37°C for 

15 min. 20 µl Proteinase K was added to the cell pellet. The sample was incubated at 

56°C for 30 min. 350 µl buffer Sol T was added again and it was incubated at 56°C 

for 5 min and mixed for 15 sec.  

 

2.6.1.3 DNA Isolation 

The sample was centrifuged for 1 min at 12 000 x g. The spin-column was removed, 

discarded flow-through. 50 μl of Wash TX1 buffer was added and centrifuged for 1 

min at 11 000 x g, 500 μl of TX2 buffer was added and centrifuged for 1 min to 

remove traces of Wash TX2 buffer. 50–150 μl of Elution buffer was added to elute 

bound DNA.  

DNA was ready for further analysis. It was stored either at 2–8°C or -20°C. After 

DNA isolation, spectrophotometric estimation were performed on the Thermo 
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Scientific Nanodrop 2000 (USA) instrument to check the quantity and purity of the 

DNAs isolated. 

2.6.2 Polymerase Chain Reaction (PCR) 

2.6.2.1 Amplification of 16S rRNA Gene 

PCR amplification was done using Taq DNA polymerase (Solis Biodyne [Estonia] 

FIREPol® DNA Polymerase enzyme). PCR amplification was done in a volume of 

50 µl reaction mixture prepared as seen in Table 2.4. 

Gene regions targeted for species identification were amplified with the primers 27F 

- 1492R as universal primers. PCR programs included initial denaturation at  94°C 

for 3 min, denaturation 94°C for 45s, annealing 57°C for 60s, extension 72°C for 1 

min (35 cycles) and final extension 72 °C  for 5 min. 

The temperature was decreased to 4°C and the PCR process was completed. One 

step PCR was achieved to amplify 1500 base target regions.  

 

Table 2.4 PCR mixture for 16S rRNA gene sequencing. 

Reagent Amount  

d H2O 18.9  

1.25 units Taq DNA polymerase 10 µl 

Template DNA 50 µg 

0.2 mM deoxynucleotide triphosphates 10 µl 

2.5 mM MgCl2 10 ml 

DNA primer 0.1 µl 
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2.6.2.2 Separating the DNA Fragment Using Agarose Gel 

PCR products were measured qualitatively using 7% agarose gel electrophoresis at 

120 V for 50 min. The amplicons were then removed from the gel.  

 

2.6.3.2 DNA Purification from Agarose Gel 

The PCR product was purified following the kit procedures using the purification 

enzyme "ExoSAP-IT ™ PCR Product Cleanup Reagent" (Thermo Fisher Scientific, 

USA) for the single-band samples obtained.  

5 µL of PCR product was mixed with 2 µL of ExoSAPIT™ reagent for a combined 

7 µL reaction volume. The mixture was incubated at 37°C for 15 minutes. After that, 

it was incubated at 80°C for 15 minutes to inactivate ExoSAP-IT™ reagent. Final 

PCR products were kept at –20°C until further study. 

 

2.6.3 Sequencing of 16S rRNA Gene 

 

For Sanger Sequencing samples, the ABI 3730XL Sanger sequencing device 

(Applied Biosystems, Foster City, CA) and BigDye Terminator v3.1 Cycle 

Sequencing Kit were used in the Macrogen Netherlands laboratory (Applied 

Biosystems, Foster City, CA). The forward and reverse readings obtained with the 

primers 27F-1492R were contigued to form a consensus sequence.  
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2.6.4 Analysis of 16S rRNA Gene 

 
The full identification of the isolates were then gained by searching the produced 

nucleotide sequences of 16S rRNA genes in the database of the gene bank. 

Finch TY version 1.4.0 (https://digitalworldbiology.com/FinchTV ) was performed 

for seeing DNA sequence chromatograms. Analysis of the nucleotide sequences was 

done using online BLASTN (https://blast.ncbi.nlm.nih.gov/Blast). 

 

2.6.5 Multiple Sequence Alignment (MSA) 

Multiple sequence alignments and phylogenetic tree were performed with the Clustal 

Omega program (1.2.1) presented by The European Bioinformatics Institute at this 

link: http://www.ebi.ac.uk/Tools/msa/clustalo/. 

 

  

https://digitalworldbiology.com/FinchTV
https://blast.ncbi.nlm.nih.gov/Blast
http://www.ebi.ac.uk/Tools/msa/clustalo/
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CHAPTER 3 

RESULTS AND DISCUSSION 

3.1 Experimental Design 

The current study includes four basic experimental sections: 1) collection of kefir 

grains and kefir milk preparation, 2) determination of the population in different 

homemade kefir samples by real-time PCR, 3) lactic acid bacteria isolation, and 4) 

identification of the isolates using 16S rRNA gene sequencing. 

In the first section, four different homemade kefir grains were collected from 

Istanbul and Ankara in Turkey, one milk product from Kyrgyzstan, and one product 

of commercial kefir milk (AOC) from Turkey. Kefir milk was prepared from kefir 

grains as mentioned in Chapter 2.  

Figure 3.1 demonstrates the flow chart of Section 1. 

In the second section, real-time PCR technique was performed for the detection of 

LAB and yeast in kefir milk using specific primers. The flow chart of the 

experimental section 2 is seen in Figure 3.2 

In the third section, 100 bacteria isolates were isolated from five different homemade 

kefir samples. Previously, they were identified using both microbiological and 

biochemical methods. Temperature tolerance, acid tolerance, bile salt tolerance, 

phenol tolerance, sugar fermentation, and proteolysis tests were carried out for the 

probiotic characterization of these isolates. The flow chart and the diagram of the 

section 3 is shown in Figure 3.3 and Figure 3.4 

In the fourth section, 30 isolates were identified using molecular techniques. The 

16S rRNA gene sequencing and BLAST analysis were carried out. The flow chart of 
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the section 4 is shown in Figure 3.5. In addition, the partial sequences of the 16S 

rRNA gene of kefir isolates were compared with the type strains of Lactobacillus to 

differentiate these closely related strains. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Experimental planing (Section 1); collections of kefir grains and 

preparation kefir milk. 
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Figure 3.2 Experimental planning (Section 2); determination of the population in 

homemade kefir samples 
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Figure 3.3 Experimental planning (Section 3); isolation and microbiological / 

biochemical identifications of LAB. 
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Figure 3.4 Biochemical tests performed in the study (Section 4) 
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Figure 3.5 Experimental planning of the blast analysis 

Isolation of DNA from 30 LAB isolates 

 PCR 

16S rRNA gene sequencing 

Blast analysis of the 500-1500 bp region  

Multiple sequence alignment 

Comparison  of the partial sequence with sequence 

of reference Lactobacillus strains   
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3.2 Collection of Samples 

The grains of homemade kefir were brought from various regions of Ankara and 

Istanbul, Turkey. The milk product sample was collected from Kyrgyzstan. The 

samples were transferred to the Laboratory in the Food Microbiology Department at 

Middle East Technical University (METU) to be analyzed and studied. (Table 2.1) 

 

3.3 Kefir Preparation  

As mentioned before in the previous chapter, kefir was prepared from kefir grains by 

inoculating in pasteurized milk and incubating at 30
o
C for 24 hours followed by the 

separation of kefir milk from the grains. The kefir beverage were used for further 

analysis and the grains were stored at -20
o
C for the next usage. 

 

3.4 Detection of Probiotic Microorganisms Using Real-Time PCR 

Lactobacilli are difficult to detect and identify by traditional microbiological tests 

(Kao et al. 2007; Poltronieri et al. 2008). The real-time PCR assay is an accurate, 

rapid, time-saving, and powerful tool for monitoring specific microorganisms within 

4 to 5 h (Park et al., 2009). This assay could be a useful tool for differentiating 

Lactobacillus species from other yeast and bacteria in kefir (Dopson et al., 2011).  

 

In this study, the microbial composition of kefir was investigated by real-time PCR 

using SYBR green dye and specific primers for selected microorganisms (L. kefiri, 

L. delbrueckii subsp. bulgaricus, L. acidophilus, L. kefiranofaciens, L. fermentum, L. 

plantarum, S. cerevisiae, S. thermophilus, L. sobris \amylovorus, L. casei, and L. 

paracasei). Most of the primers produced positive signals with DNA from the kefir 

and milk samples on the real-time PCR run. 
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L. kefiri, L. casei, L. kefiranofaciens, and L. paracasei were detected in all kefir 

samples. L. acidophilus was determined only in 5 kefir samples, L. delbrueckii 

subsp. bulgaricus was determined in 5 kefir samples, however, L. fermentum, L. 

sobris amylovorus, and L. plantarum were detected only in 2 samples, S. cerevisiae 

and S. thermophilus were found in 5 kefir samples. The results of detection using 

real-time PCR are presented in Table 3.1 

 

Table 3.1 Detection the population of kefir samples using specific primers for real-

time PCR. 
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1 K1 + + + + _ + _ + _ + + 

2 K2 + + + + _ + + _ _ + + 

3 K3 + + _ + _ _ + + _ + + 

4 K4 + + + + + _ + + + + + 

5 K5 + + - + _ _ + + + + + 

6 K6 + _ + + + _ + + _ + + 

 

 

In real-time PCR, DNA is measured after each cycle through fluorescent dyes, the 

fluorescent signal increases in the same ratio with the number of PCR products 

produced. The real-time PCR instrument produces an amplification curve and shows 

the fluorescent signals (∆Rn) against the cycle number. The threshold cycle (Ct) is 
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the fractional cycle number at which the fluorescence passes the threshold. There is a 

relation between Ct and the concentration of the target in the PCR reaction. The Ct 

value is inversely related to the starting amount of the target DNA as described by 

Heid et al (1996). In the current study, all strains generated Ct values ranging from 

19 to 36 threshold cycles and unspecific signals developed were easily identifiable 

by melting curve analysis. Herbel et al (2013) found that all reference Lactobacillus 

strains and isolates from yogurt had Ct values ranging from 14 to 28 threshold 

cycles. 

 

As the template amount decreases, the cycle number of the amplification increases. 

It is supposed that the real-time PCR is operating at high efficiency when the number 

of product doubles during each cycle. 

 

The specificity of the reaction was checked by the melting curve analysis (Tm) in 

which the amplified PCR products were denatured and cooled to 5-10°C. The Tm 

depends on GC content (Edwards, 2004). The change in fluorescence to change in 

temperature ratio (-ΔF/ΔT) is plotted against temperature to get a clear melting 

curve. 

 

Melting curves helped distinguish primer-dimers from specific PCR products and to 

confirm the amplified products. The primer dimers melt at lower temperatures than 

the amplicon (PCR products). Primer-dimers take place when two PCR primers join 

to each other instead of the target. Also, the presence of these primer-dimers may be 

related to the deficient primer annealing time or the unsuitable annealing 

temperature. According to the recent study, the Tm for Lactobacillus spp that was 

identified from kefir and milk samples using real-time PCR was between 78-85.5
o
C. 

The present results are similar to the results by Abdulamir et al (2010) in which the 
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melting curve for Lactobacillus spp. in six samples of fish and shrimp sauces had a 

peak at Tm = 85.5°C. 

 

Lactobacillus kefiri 

 

In the current study, L. kefiri was successfully detected in all kefir milk samples in 

the real-time PCR assay. The same result was found in the previous study by Kim et 

al (2016). They easily utilized a real-time PCR assay to detect L. kefiri in the kefir 

milk for monitoring the quality of kefir probiotics. It is significant for kefiran 

production in the kefir grain structure. Kefiran has been supposed to be effective 

against a diversity of diseases (Kim et al., 2016).  

 

 

 

Figure 3.6 Amplification and melting curve for Kefir sample (K4) with L. kefiri. 
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L. kefiri was specified as a starter culture and determines one of the flavor properties 

of kefir beverages. The presence of L. kefiri in all samples in a recent study was 

demonstrated with real-time PCR analysis. Also, L. kefiri is presented as kefir and 

kefir grain constituents in, for example, Argentinean, Taiwanese, Turkish, Brazilian, 

and Canadian samples. These results were presented by Chen et al (2008), Miguel et 

al (2010) and Kesmen and Kacmaz (2011). It was shown in Figure 3.6 that the 

melting curve of L. kefiri in the K4 sample had Ct value started from 32 and a 

specific peak at Tm =82°C.  

 

Lactobacillus kefiranofaciens 

 

Chon et al (2013) studied that the level of L. kefiranofaciens was strongly correlated 

with the amount of kefiran produced in kefir so it is a key indicator bacterium of 

kefir milk. In this study, L. kefiranofaciens was detected by real-time PCR in all 

samples. These results are consistent with the reports in the literature (Kim et al., 

2015b). They reported a real-time PCR primer and probe set for the fast detection of 

L. kefiranofaciens in kefir grain and kefir milk. In addition, our results are similar to 

the reports for isolation of L. kefiranofaciens in Italia, Argentina, Belgium, Brazil, 

China, and Taiwan from the kefir and kefir grains (Garrote et al., 2001; Chen et al., 

2008; Magalhaes et al., 2011; Wang et al., 2012; Gao et al., 2013; Hamet et al., 

2013; Korsak et al., 2015; Zanirati et al., 2015; Garofalo et al., 2015). 

 

Kefiran is a polysaccharide produced by L. kefiranofaciens. The production of this 

polysaccharide is increased when L. kefiranofaciens survives with S. cerevisiae 

(Cheirsilp et al., 2003). This can be explained and was supported by our results that 

L. kefiranofaciens and S. cerevisiae in all kefir samples except commercial one, It 

may be to avoid gas production in the product during the marketing. In the current 
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study, the amplification curve had a Ct value at 19 and one peak of the melting curve 

was shown at 83 °C in K6 sample (Figure 3.7) 

 

 

 

 

 

Figure 3.7 Amplification and melting curve for Kefir sample (K6) with L. 

kefiranofaciens. 
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Saccharomyces cerevisiae 

 

DNA extracted from kefir and milk samples was examined by real-time PCR using 

Saccharomyces cerevisiae primers which yielded positive results for all samples 

except for K1 (commercial kefir product). It agrees with the results reported by Kim 

et al (2015a) that Saccharomyces spp was easily detected from kefir grains and 

fermented milk kefir using real-time PCR. S. cerevisiae was also identified in kefir 

beverages by Beshkova et al (2003) as the yeast species were able to produce 

alcohol. However, some Lactobacillus strains can also produce ethanol. 

 

S. cerevisiae is an eukaryotic microorganism and a facultative anaerobe. It can use 

sugars to produce water and CO2 gas in the presence of oxygen, or it can do 

fermentation in anaerobic conditions to produce ethanol and CO2 gas (Berg et al., 

2012). The absence of S. cerevisiae only in K1(commercial kefir product) may be to 

avoid the production of gases from its growth in kefir milk. Onaran and Çufaoğlu 

(2017) observed that homemade kefir samples contained yeast more than the 

commercial samples. However, the addition of Saccharomyces spp. to the milk kefir 

culture enhances the quality of kefiran, explaining the cruciality of the symbiosis 

between the bacteria and yeast (Cheirsilp et al., 2003). Also, the yeasts are important 

for the microbiological properties and enhancement of the physical and chemical 

characteristics of the fermented product. According to Farnworth (2005), yeasts have 

an important role in the production of kefir with essential amino acids, vitamins, and 

produce metabolites that contribute to the flavor of kefir. 
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S. cerevisiae was found in kefir grains and kefir beverage of various origins such as 

Argentina, Bulgaria, Brazil and China (Simova et al., 2003; Hamet et al., 2013; Gao 

et al., 2013 and Zainirati et al., 2015). These findings indicated that Turkish 

homemade kefir samples of the present study are similar to other samples from 

different regions. 

Figure 3.8 shows the amplification and melting curves for S.cerevisiae in sample K5, 

S. cerevisiae had a Ct value at 32 and a specific peak for the melting curve at 82°C. 

 

                  

 



 

 

62 

                  

Figure 3.8 Amplification and melting curve for Kefir sample (K5) with S. cerveisiae. 

 

Lactobacillus acidophilus 

L. acidophilus is one of the significant species in kefir and it has a wide range of 

health benefits in cholesterol metabolism, antimicrobial activity, immune 

modulation, and tumor suppression.  

Guzel S. et al (2005), Kesmen and Kacmaz (2011), Kok-Tas et al (2012) and 

Nalbantoglu et al (2014) reported that L. acidophilus was one of the probiotic 

species found in kefir grains and beverages in Turkey. These results were compatible 

with our results in which L. acidophilus was detected in 5 samples using a real-time 

PCR approach. 

The melting curve analysis of L. acidophilus in K6 appears to be a case of primer 

dimers due to the presence of additional peaks at low temperature to the left of the 

peak for the amplified product at smaller Tm as shown in Figure 3.9 (a). It was 

considered as a negative result because of the presence of nonspecific products. 
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The melting curves for L. acidophilus had a Ct value at 30 and a specific peak for the 

melting curve at 83°C. Figure 3.9 (b) shows amplification and melting curves for L. 

acidophilus in K2. 
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Figure 3.9 (a) Amplification and melting curve for L. acidophilus in Kefir (K6), case 

of primer dimer.  
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Figure 3.9 (b) Amplification and melting curves for L. acidophilus in K2. 

 

 

 

 

Lactobacillus  plantarum  

L. plantarum was previously isolated from kefir of different origins such as 

Argentina, China, South Africa, and Turkey and it was characterized as a potential 

probiotic strain as discussed in the previous studies (Garrrote et al., 2001; Hamet et 

al., 2013; Gao et al., 2012 and 2013; Witthuhn et al., 2004;  Merih and Evrim, 2015). 

In addition, De Montijo-Prieto (2015) found that L. plantarum isolated from kefir 

could increase resistance to intestinal infections through its immunomodulatory 

activity. The capability of L. plantarum to antagonize the cytotoxic effects of E.coli 

(Hugo et al., 2008) and Shiga2 toxin (Kakisu et al., 2013) were studied. 

 

Kıvanç and Yapıcı (2016) found that L. plantarum was the dominant species and 

some species like L. kefiranofaciens, L. kefir, L. kefirgranum, and L. parakefir were 

not found in their study. These findings are inconsistent with our study because L. 
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plantarum was detected in commercial kefir (K1) and Ankara kefir (K2). However, 

L. kefir, L. kefiranofaciens were the most dominant species in kefir using real-time 

PCR and this can be explained by the difference in geographical origins of the kefir 

grains. 

 

It was shown that the Ct value for L. plantarum in K1 and K2 was 31 and had a 

specific peak in the melting curve analysis at 78°C. In contrast, Herbel (2013) 

detected L. plantarum in a yoghurt sample at a melting temperature of about 84
O
C. 

The amplification and melting curve for L. plantarum in K1 and K2 can be seen in 

Figure 3.10(a,b). 
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Figure 3.10 (a) Amplification and melting curve for Kefir (K1) with L. plantarum. 
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Figure 3.10 (b) Amplification and melting curve for Kefir (K2) with L. plantarum. 

 

 

 

 

 

Lactobacillus casei  

L. casei was one of the dominant homofermentative Lactobacillus species in the 

current study and it was found in all kefir samples from Turkey and milk sample 

from Kyrgyzstan. In addition, the presence of L. casei in kefir grains and beverage 

had been shown in samples from Russia, Argentina, Bulgaria, Brazil, China, and 

Turkey by previous reports (Garrote et al., 2001; Leite et al., 2012; Hamet et al., 

2013; Zanirati et al., 2015; Magalhaes et al., 2011; Gao et al., 2012 and 2013a; 

Merih and Evrim, 2015; Kotova et al., 2016). 

 

L. casei is used as probiotics for the production of fermented products due to its 

ability to form good amounts of lactic acid which can enhance the aroma and flavor 

of a product. In addition to its high bile salt and acidity tolerance and antimicrobial 
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effects, many beneficial health effects of L. casei strains have been studied such as 

accelerating cancer's cure duration, stimulating the immune system, and decreasing 

cholesterol levels (Somer et al., 2012). 

As it can be seen in Figure 3.11, L. casei was recognized by real-time PCR and had a 

Ct value at 28 and its Tm value was located between 82
o
-85

o
C. Kao et al (2007) 

found that Tm of L. casei group including L. casei and L. paracasei were located at 

about 63.94 °C. Our results are in accordance with these results reported in the 

literature. The amplification and melting curve for L. casei in all samples can be seen 

in Figure 3.11. 
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Figure 3.11 Amplification and melting curve for L. casei in all samples. 

Lactobacillus paracasei 

L. paracasei is a probiotic, useful at improving the intestinal environment, and 

produce lactic acid to improve the taste and aroma of dairy products (Xiao and 

Dong, 2003). They have an effective role in decreasing cholesterol and controlling 

blood pressure, elimination of gastric mucosal lesions, alleviation of allergies, and 

suppression of fat tissue growth (Chiang and Pan 2012). Also, Xue et al (2015) 

found that L. paracasei M7 prevents the adhesion of Salmonella to epithelial tissues. 

In a recent study, L. paracasei was displayed to be one of the most abundant 

bacterial strains in all samples. These are similar to the results announced by 

Magalhães et al (2011) that L. paracasei was one of the most abundant Brazilian 

kefir samples. Also, it was found in kefir grains and beverages of Russia, Argentina, 

Bulgaria, Brazil, China, and Turkey (Garrote et al., 2001; Leite et al., 2012; Hamet 

et al., 2013; Zanirati et al., 2015; Magalhaes et al., 2011; Gao et al., 2012 and 2013a; 

Merih and Evrim, 2015; Kotova et al., 2016). 
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L. paracasei had Ct values at 30 and peaks ranging from 78-85
O
C in the melting 

curve for all kefir samples. However, there were two peaks for K5 in the melting 

curve but it does not always indicate a primer dimer problem. Ahmed et al (2017) 

discussed that SYBR Green dye gives fluorescence signal when bound to double-

stranded DNA (ds DNA). As the temperature increases, dsDNA denatures becoming 

ssDNA. This is supposed to be an intermediate phase that it is neither dsDNA nor 

ssDNA (two phases in which the DNA does not melt directly and the DNA melt). 

Mackey et al (1988) found in a limited investigation that the temperature (Tmax) at 

which peak was greater was strongly correlated with the G + C content of the DNA. 

Additional reasons such as amplicon misalignment and secondary structure in the 

amplicon region are also possible. Thus, the appearance of double peaks during 

melting curve analysis does not always point to non specific amplification (Wittwer 

et al., 2009; Dwight et al., 2011). In the K5 case, both peaks appear at a high 

temperature which may refer to positive result for L. paracasei detection (Figure 

3.12). In addition, the presence of L. paracasei in K5 has also been proven in the 

results section of isolation and identification. 
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Figure 3.12 Amplification and melting curve for L. paracasei in all samples. 

Lactobacillus delbrueckii subsp. bulgaricus 

 

Simova et al (2002) identified L. delbrueckii subsp. bulgaricus from Bulgarian kefir 

grains and beverages. Also, Kao et al (2007) and Harbel et al (2013) detected L. 
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delbrueckii subsp. bulgaricus in milk and yoghurt samples using real-time PCR. 

Similar to our study, L. delbrueckii subsp.bulgaricus was found and detected in all 

kefir samples except K3 and K5 as their real-time PCR run did not yield an 

amplification or melting curve for L. delbrueckii subsp. bulgaricus. 

 

Figure 3.13(a) shows Ct value at 27 and one peak appears at 85
O
C in the melting 

curve of L. delbrueckii subsp. bulgaricus in commercial Kefir. 

 

As it can be shown from Figure 3.13(b), Tm for L. delbrueckii subsp. bulgaricus in 

the melting curve analysis of kefir samples ranged from 82
o
C to 85

o
C.  

 

 

 

Figure 3.13a  The amplification curve of L. delbrueckii subsp. bulgaricus in k1. 
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Figure 3.13b  The melting curve of L. delbrueckii subsp. bulgaricus in k1. 

  

Lactobacillus sobrius\amylovorus 

Magalhaes et al (2011) and Nalbantoglu et al (2014) demonstrated the presence of 

L. amylovorus in Brazilian and Turkish kefir samples. In the current study, L. 

sobrius\amylovorus was detected in two kefir samples K4 and K5, using real-time 

PCR. The absence of this species in the commercial and other kefir samples may be 

due to the fact that some L. amylovorus strains form bacteriocins effective against 

some strains of the Lactobacillus such as L. delbrueckii subsp. bulgaricus (Gawhen 

and Bergmeyer,1974). 

As underlined by Laiño et al (2014), L. amylovorus CRL 887 is able to produce not 

only folates but also vitamins that it needs for its growth. The importance of using 

L. amylovorus in the food industry as phytase production (Sreeramulu et al., 1996), 

to reduce cholesterol level (Grill et al., 2000) and its production for antifungal 

compounds was also demonstrated (Ryan et al., 2011). 
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L. sobrius\amylovorus was detected in K4 and K5 with high Ct value of 38. This 

high Ct is indicative of very low amounts of target DNA or showing a state of 

contamination (Heid C. et al., 1996). 

Tm for L.sobrius\amylovorus in the current study was 74-78
o
C. The amplification 

and melting curve of L. amylovorus in k4 can be shown in Figure 3.14. 

 

 

 

Figure 3.14  The amplification and melting curve of  L. amylovorus in K4. 
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Lactobacillus fermentum 

 

Witthuhn et al (2004, 2005) detected L. fermentum in South African kefir grains. In 

this study, L. fermentum was detected using real-time PCR in K4 and K6.  It had a Ct 

value at 32 and peak at 82
o
C in the melting temperature. The amplification and 

melting curve for K4 can be seen in Figure 3.15. L. fermentum is obligately hetero-

fermentative lactobacilli producing lactic, succinic, and acetic acids (Mikelsaar and 

Zilmer, 2009). L. fermentum has both antioxidative and antimicrobial properties 

(Kullisaar Z. 2016; Kumar et al., 2017). Antioxidant L. fermentum can lower the risk 

of some diseases due to the diversity of gut microbiota and colorectal cancer (Sepp 

et al., 2018).   

 

Ukrainian homemade kefir beverage includes Saccharomyces spp. and bacteria such 

as L. fermentum almost 90% of the microbial association, with Leuconostoc lactis, 

and acetic bacteria Acetobacter (Vichko et al. 2013). In traditional kefirs produced 

from grains, some lactobacilli like the species of L. delbrueckii subsp. bulgaricus 

grow together with L. fermentum comprised up to 98.2% of the Lactobacillus 

population (Witthuhn et al., 2005).  

 

In the current study, L. fermentum and L. delbrueckii subsp. bulgaricus were present 

together in kefir samples K4 and K6, which proves the high diversity of kefir 

microflora and indicates the effects of kefir microbiota on each other in the kefir 

environment. 
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Figure 3.15 The amplification and melting curve of L. fermentum in K4. 
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Streptococcus thermophilus  

 

Bulgarian, Brazilian, Turkish, and Tibetan kefir grains and beverages contain the 

probiotic S. thermophilus. It is used in food fermentation and many industrial dairy 

products. It can enhance the structure and aroma properties of these dairy products. 

Besides, S. thermophilus has various beneficial effects including antioxidant actions, 

modification of intestinal microbiota, and suppression of specific pathogens. 

(Adolfsson et al., 2004; Iyer et al., 2010). 

 

Our findings showed the occurrence of S. thermophilus in all kefir samples except 

K2. It had a Ct value at 32 and melting temperature ranging from 84-87
o
C for K1, 

K5, and K6, but it was 73
o
C for K3 and K4. The amplification and melting curve for 

K5 can be seen in Figure 3.16. 

 

As mentioned by Simova et al (2002), Streptococcus lactis and Streptococcus 

thermophilus were the dominant microflora in all kefir grains. These results differ 

from the results of Neve (1992) that they found a very rare presence of streptococci 

in the grain. In Turkish kefir, Streptococcus thermophilus were identified by 

Yüksekdağ et al (2004) and their results are similar to our results. 

 

Laiño et al (2013) discussed an aggregation of L. bulgaricus and S. thermophilus to 

the commercial yoghurt and resulted in a twice as much increase in folate levels. In 

the present study, L. bulgaricus and S. thermophilus were found together in four 

kefir samples K1, K4, K5, and K6. It confirms the importance of the combination to 

improve the health benefits of kefir by increasing folate level. 
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Figure 3.16 The amplification and melting curve of S. thermophilus in K6. 

 

 



 

 

80 

The amplification and melting curve of kefir 5 and 6 with specific primers (L. 

kefiri, L. acidophilus, L. kefiranofaciens, L. delbrueckii subsp. bulgaricus,   L. 

fermentum,  L. plantarum, S. cerevisiae, S. thermophilus,  L. sobris \amylovorus) 

were given in Figure 3.17(a and b). 

 

 

Figure 3.17 (a) Amplification curves of kefir sample (K5 and K6 ) with specific primers (L. kefiri, L. 

acidophilus, L. kefiranofaciens, L. fermentum, L. plantarum, L. delbrueckii subsp. bulgaricus, S. 

cerevisiae, S. thermophilus and L. sobris \amylovorus). 

 

 

 

Figure 3.17 (b) Melting curves of kefir sample (K5 and K6 ) with specific primers (L. kefiri, L. 

acidophilus, L. delbrueckii subsp. bulgaricus, L. kefiranofaciens, L. fermentum, L. plantarum, S. 

cerevisiae, S. thermophilus, and L. sobris \amylovorus). 
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In this point, real-time PCR was a simple and accurate assay to successfully 

identify L. kefiri, L. acidophilus, L. delbrueckii subsp. bulgaricus, L. 

kefiranofaciens, L. fermentum,  L. plantarum, S. cerevisiae, S. thermophilus,  L. 

sobris \amylovorus, L. casei and L. paracasei in different kefir and milk samples. 

In addition, determination of the predominant species in all samples like L. Kefir , 

L. kefiranofaciens, L. casei and L. paracasei could be useful for monitoring the 

quality of kefir probiotics to produce our kefir in further studies.  

Our recent study agreed with Herbel et al (2013) that used the same method 

successfully to identify Lactobacillus species by species-specific primers for S. 

thermophilus, L. delbrueckii, L. casei, L. paracasei, L. rhamnosus, L. acidophilus, 

and L. johnsonii in milk products. On the other hand, Kao et al (2007) explained 

that real-time PCR could detect L. acidophilus and L. delbrueckii by species-

specific primers, but it could not be used to detect L. casei, L. paracasei, and L. 

rhamnosus of probiotic products in Taiwan, which is in agreement with our 

results. Using real-time PCR could easily identify L. casei, L. paracasei in our 

samples. 

 

The microbial population of kefir is dependent on its source which can differ from 

origin to origin. Therefore, it is very important to make species-based 

identification of the microorganisms in kefir to determine the health benefits of 

the products. 

 

It can be concluded from real-time PCR assay that our kefir and milk samples also 

have several important organisms as the other samples from other countries. In this 

study, one milk product sample from Kyrgyzstan (K4) was rich in probiotic 

Lactobacillus strains as well as kefir samples collected from Ankara and Istanbul. 

Besides, most of Lactobacillus strains detected in real-time PCR assay from our 

samples were similar to the microbial population of Argentinean, Taiwanese, 
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Turkish, Brazilian, and Chinese kefir grains and beverages (Garrote et al., 2001; 

Hamet et al., 2013, Chen et al., 2008; Wang et al., 2012; Kok-Tas et al., 2012; 

Nalbantoglu et al., 2014; Leite et al., 2012; Zanirati et al., 2015; Gao et al., 2012, 

2013a). 

All of the amplification and melting curves of real-time PCR for the kefir samples 

with 11 primers are given in the appendix chapter. 

3.5 Isolation of Lactic Acid Bacteria 

Lactobacillus species are among the most prevalent microorganisms found in kefir 

(Slattery et al., 2019).  This analysis focuses on the isolation Lactobacillus strains 

from kefir and milk samples. 

A total of 100 isolates were isolated from homemade kefir and milk product sample, 

subcultured on MRS medium, and incubated at 37°C for 48 hours under anaerobic 

condition. The purity of the isolates was examined by the streaking method. The pure 

colony was picked up and preserved with in a 20% glycerol solution at -20 and -80°C.  

 

3.6 Phenotypic Identification of LAB 

 

3.6.1 Colony Morphology 

All of the isolates were identified based on the characteristic morphology and colony 

morphology of Lactobacillus strains was evaluated and the properties of the colony 

such as form, size, and color are shown in Table 3.2.  

Colonies appeared creamy, white-colored, circular, and belonged to the genus 

Lactobacillus. They varied in size and for some marginal characteristics. These 

findings were similar to the characters of Lactobacillus strains isolated by Kandler 

and Weiss (2005). 
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Table 3.2 Sources of kefir and colony morphology of isolates. 

No Isolate name Source of kefir Form of colony Color of colony Size  

1 K2-2a Ankara Circular, irregular 

 

Creamy Small  

2 K2-3 Ankara Circular, regular 

 

Creamy Small  

3 K2-3a Ankara Circular, irregular 

 

Creamy Small  

4 K2-4 Ankara Circular, irregular 

 

Creamy Small  

5 K2-4a Ankara Circular, irregular 

 

Creamy Small  

6 K2-14 Ankara Circular, irregular Creamy 

 

Small  

       

7 K3-2a Ankara (2) Circular,regular 

 

White Large  

8 K3-3a Ankara (2) Circular,irregular 

 

Creamy Small  

9 K3-8b2 Ankara (2) Circular,regular 

 

Creamy Small  

10 K3-13b Ankara (2) Circular,regular 

 

Creamy Small  

11 k3-20 Ankara (2) Circular,regular 

 

Creamy Small  

12 K3-20a Ankara (2) Circular,regular 

 

Creamy Small  

13 K3-28 Ankara (2) Circular,regular Creamy 

 

Small  

       

14 K4-6a Kyrgyzstan Circular,regular 

 

White Large  

15 k4-16 Kyrgyzstan Circular,regular 

 

Creamy Small  

16 K4-17 Kyrgyzstan Circular,regular 

 

Creamy Small  

17 K4-28 Kyrgyzstan Circular,regular Creamy 

 

Small  
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Table 3.2  Sources of kefir and colony morphology of isolates (continued).  

No Isolate name Source  of kefir Form of colony Color of colony Size 

 

18 K5-3 Istanbul Circular, regular 

 

Creamy Small 

19 K5-3a Istanbul Circular,regular 

 

White Small 

20 K5-5a Istanbul Circular, regular 

 

Creamy Small 

21 K5-11 Istanbul Circular,regular White Small 

22 K5-14 Istanbul Circular, regular Creamy Small 

23 K5-15 Istanbul Circular, regular White Small 

      

24 K6-1 Istanbul (2) Circular, regular Creamy Small 

25 K6-3a Istanbul (2) Circular, regular White large 

26 K6-6a Istanbul (2) Circular, regular White Small 

27 K6-7 Istanbul (2) Circular, regular 

 

Creamy Small 

28 K6-9a Istanbul (2) Circular, regular 

 

White large 

29 K6-12 Istanbul (2) Circular, regular Creamy Small 

30 K6-14 Istanbul (2) Circular, regular White Large 

Results are expressed as small for colony diameter 2 mm and large for colony diameter 2-5 mm. 
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3.6.2 Microscopic Examination 

The isolates were subjected to Gram’s staining and were evaluated under a light 

microscope. The results are shown in Table 3.3. Staining was used to distinguish the 

bacterial isolates depends on their cell wall properties. The strains stained purple 

color indicated that they were gram-positive, rod-shaped as single or in chain forms 

as seen in Figure 3.18. These results determined that the isolated bacteria could be 

identified as Lactobacillus species (Salvetti et al., 2012; Rao et al., 2015). 

 

     

              k4-6a                                                 k5-14 

Figure 3.18 Gram staining 

3.6.3 Catalase Test 

This test is a diagnostic tests for the differentiation of bacteria. Since the isolates 

were gram-positive bacteria, they were examined for catalase activity. No bubble 

was noticed indicating catalase-negative and these bacteria could not degrade H2O2 

to produce O2. It is recognized that Lactobacillus is catalase-negative.(Table  3.3) 
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Table 3.3 Gram staining and catalase test for kefir isolates. 

Isolate  No Isolate name Gram stain Shape Catalase test 

1 K2-2a + ve long rod & in chain -ve 

2 K2-3 + ve short rod ,single & in chain -ve 

3 K2-3a + ve long rod &in chain -ve 

4 K2-4 + ve long rod & in chain -ve 

5 K2-4a +ve short rod &single -ve 

6 K2-14 + ve short rod &single -ve 

     

7 K3-2a + ve short rod & single -ve 

8 K3-3a + ve long rod & in chain -ve 

9 K3-8b2 + ve short rod &single -ve 

10 K3-13b + ve short rod &single -ve 

11 k3-20 + ve short rod &single -ve 

12 K3-20a + ve short rod &single -ve 

13 K3-28 + ve short rod &single -ve 

     

14 K4-6a + ve long rod & in chain -ve 

15 k4-16 + ve short rod &single -ve 

16 K4-17 + ve short rod &single -ve 

17 K4-28 + ve short rod &single -ve 

     

18 K5-3 + ve short rod &single -ve 

19 K5-3a + ve short rod &single -ve 

20 K5-5a + ve short rod &single -ve 

21 K5-11 + ve short rod &single -ve 

22 K5-14 + ve short rod & in chain -ve 

23 K5-15 + ve short rod & in chain -ve 
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Table 3.3 Gram staining and catalase test for kefir isolates (Continued). 

Isolate  No Isolate name Gram stain Shape Catalase test 

24 K6-1 + ve short rod & single -ve 

25 K6-3a + ve long rod & in chain -ve 

26 K6-6a + ve short rod & in chain -ve 

27 K6-7 + ve short  rod & single -ve 

28 K6-9a + ve short rod & single -ve 

29 K6-12 + ve short rod & single -ve 

30 K6-14 + ve long rod & in chain -ve 

 

 

3.7 Biochemical Tests 

Biochemical characteristics of LAB isolates were examined as follow. 

3.7.1 pH Tolerance Test (Acid tolerans ) 

The resistance of the probiotic strains to low pH is one of the important criteria 

(Çakır 2003). They must pass through the extreme conditions of the stomach, at a pH 

lower than 0.1, to reach the small intestine (Chou and Weimer 1999; Çakır 2003). A 

single isolated colony was transferred into MRS broth at various pH values 2,2.5,3,4, 

and 6 and incubated at 37 
o
C for 24 h to observe the ability of the growth of 

Lactobacillus isolates (Table 3.4). From this experiment, isolated Lactobacillus 

showed that the optimum pH value for good growth was at pH 4.0 and 6.0, moderate 

growth at pH2.5 and 3.0 with no or less growth at pH 2.0. Therefore, it was 

demonstrated that the isolated Lactobacillus species were able to survive in stressful 

acidic and neutral conditions. Similar results were reported by Pyar and Peh (2014) 

who observed the turbidity for Lactobacillus growth in broth with different pH 

values arranging from 4.0 to 7.0. Hoque et al (2010) found that a major decrease in 
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the viability of strains was often noticed at ≤ pH 2.0. Besides, Lactobacillus growth 

was detected at pH 2.5 to pH 8.5. These earlier results are similar to ones shown by 

our study.   

 

Shivram and Vishwanath (2012) explained that the isolated Lactobacillus strains had 

potential to survive at pH 2.0 and 3.0. Srinu et al (2013) displayed that all the 

selected lactic acid bacterial strains as L. plantarum and L. casei survived in the 

tested acidic pH range (1.5, 2.0, 3.0 and 3.5). 

 

3.7.2 NaCl Tolerance Test 

 

Commonly, NaCl is an inhibitory substance that can suppress bacterial growth. In 

the current study, the NaCl tolerance test was applied at 2%, 4% and 6.5% NaCl 

concentrations. The results explained that all Lactobacillus spp. isolated from kefir 

were able to survive at 6.5% of NaCl and optimal growth was detected at 2- 4% of 

NaCl (Table 3.4). These results are similar to those by Hoque et al (2010) that the 

Lactobacillus spp isolated from yoghurts could grow at 1-9 % of NaCl and optimal 

growth was detected at 1-5 % NaCl. 

 

Forhad et al (2015) found that Lactobacillus species were able to survive at 1-6% 

NaCl concentration where as they could not grow at high NaCl concentrations. High 

salt tolerance is a useful property for an organism to be used as a probiotic. High 

osmotolerance would be an important character for LAB strains because when lactic 

acid production causes alkali to be pumped, and the free acid would be converted to 

its salt form. This causes an increase in osmotic pressure on bacterial cells. It would 

then affect their metabolism, water activity, enzyme activity, and physiology. The 

results for the pH and NaCl tolerance test are given in Table 3.4 
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Table 3.4 The tolerance of Lactobacillus isolates to pH and NaCl salt. 

No Isolate 

name 

NaCl tolerance pH tolerance 

2% 4% 6.5% pH= 2 pH= 2.5 pH= 3 pH =4 pH= 6 

1 K2-2a ++ ++ + - - + ++ ++ 

2 K2-3 ++ ++ + - + + ++ ++ 

3 K2-3a ++ ++ + - - + ++ ++ 

4 K2-4 ++ ++ + - + + ++ ++ 

5 K2-4a ++ ++ + - + + ++ ++ 

6 K2-14 ++ ++ + - + + ++ ++ 

          

7 K3-2a ++ ++ + - + + ++ ++ 

8 K3-3a ++ ++ + - + + ++ ++ 

9 K3-8b2 ++ ++ + - + + ++ ++ 

10 K3-13b ++ ++ + - + + ++ ++ 

11 K3-20 ++ ++ + - + + ++ ++ 

12 K3-20a ++ ++ + - + + ++ ++ 

13 K3-28 ++ ++ + - + + ++ ++ 

          

14 K4-6a ++ ++ + - + + + ++ 

15 K4-16 ++ ++ + - + + ++ ++ 

16 K4-17 ++ ++ + - + + ++ ++ 

17 K4-28 ++ ++ + - + + ++ ++ 

          

18 K5-3 ++ ++ + - + + ++ ++ 

19 K5-3a ++ ++ + - + + ++ ++ 

20 K5-5a ++ ++ + - + + ++ ++ 

21 K5-11 ++ ++ + - + + ++ ++ 

22 K5-14 ++ ++ + - + + ++ ++ 

23 K5-15 ++ ++ + - + + ++ ++ 
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Table 3.4 The tolerance of Lactobacillus isolates to pH and NaCl salt (Continued). 

No Isolate 

name 

NaCl tolerance pH tolerance 

2% 4% 6.5% pH= 2 pH= 2.5 pH= 3 pH =4 pH=6 

24 K6-1 ++ ++ + - + + ++ ++ 

25 K6-3a ++ ++ + - + + ++ ++ 

26 K6-6a ++ ++ + - + + ++ ++ 

27 K6-7 ++ ++ + - + + ++ ++ 

28 K6-9a ++ ++ + - + + ++ ++ 

29 K6-12 ++ ++ + - + + ++ ++ 

30 K6-14 ++ ++ + - - - ++ ++ 

(++) good growth, (+) less growth, (-) No growth 

 

3.7.3 Temperature Tolerance Test 

 

Temperature is an essential factor which can affect bacterial growth and the reason 

for doing this test is to detect ability of the isolated cultures to survive within normal 

body temperature. In the current study, the isolates were screened for their capacity 

to tolerate different temperatures of 25, 37,40, and 45
o
C (Table 3.5).  According to 

the results, all of the isolates easily grow at 25, 37, and 40
0
C. These results are 

similar to those of Pundir et al (2013). However, some isolates could not grow at 

45
o
C. According to Chakraborty and Bhowal (2015), the isolated Lactobacillus 

species were able to survive with in 30-50
o
C and the optimum temperature for 

maximum growth was 37
o
C. Also, Yavuzdurmaz (2007) showed that after 7 days of 

observation all of the Lactobacillus isolates survived at 45 °C, however, they could 

not grow at 10 °C and 15 °C. These results differ from our results. 
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Table 3.5 Temperature, phenol tolerance, and lactic acid production test. 

 

No 

 

Isolate 

name 

 Temperature tolerance Phenol 

tolerance 

(0.4%) 

 

Lactic acid 

production 

25˚C 37˚C 40
o
C 45˚C 

1 K2-2a + ++ + + +ve +ve 

2 K2-3 + ++ + + +ve +ve 

3 K2-3a + ++ + + +ve +ve 

4 K2-4 + ++ + - +ve +ve 

5 K2-4a ++ ++ + - +ve +ve 

6 K2-14 + ++ + + +ve +ve 

        

7 K3-2a ++ ++ + + +ve +ve 

8 K3-3a ++ ++ + - +ve +ve 

9 K3-8b2 ++ ++ + - +ve +ve 

10 K3-13b ++ ++ + - +ve +ve 

11 K3-20 ++ ++ + - +ve +ve 

12 K3-20a ++ ++ + - +ve +ve 

13 K3-28 + ++ + + +ve +ve 

        

14 K4-6a + ++ + + +ve +ve 

15 K4-16 + ++ + + +ve +ve 

16 K4-17 + ++ + + +ve +ve 

17 K4-28 ++ ++ + - +ve +ve 

        

18 K5-3 ++ ++ + - +ve +ve 

19 K5-3a ++ ++ + - +ve +ve 

20 K5-5a ++ ++ + - +ve +ve 
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Table 3.5 Temperature, phenol tolerance, and lactic acid production test (continued). 

 

No 

 

Isolate 

name 

Temperature tolerance Phenol 

tolerance 

 

Lactic acid 

production 25
o
C 37

o
C 40

o
C 45

o
C (0.4%) 

21 K5-11 ++ ++ + - +ve +ve 

22 K5-14 + ++ + + +ve +ve 

23 K5-15 + ++ + + +ve +ve 

        

24 K6-1 + ++ + - +ve +ve 

25 K6-3a + ++ + + +ve +ve 

26 K6-6a + ++ + + +ve +ve 

27 K6-7 + ++ + - +ve +ve 

28 K6-9a + ++ + - +ve +ve 

29 K6-12 + ++ + - +ve +ve 

30 K6-14 + ++ + + +ve +ve 

(++) good growth, (+) less growth, (-) No growth 

3.7.4 Phenol Tolerance Test 

 

Probiotic strains survive low concentrations of inhibitory substances such as phenol 

since it is bacteriostatic. Certain aromatic amino acids originated from proteins 

would be deaminated in the gut by bacteria which cause the formation of phenols 

that have bacteriostatic effects (Suskovic et al., 1997). 

 

As seen from Table 3.5, the isolated candidates were examined for their aptitude to 

tolerate the phenolic environment. A phenol tolerance test was performed in 0.4% of 

phenol concentration. It was observed that Lactobacillus isolated from kefir samples 
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could endure 0.4% phenol. These results have the similarities with results of Elizete 

and Carlos (2005) and Hoque et al (2010). 

 

Vizoso Pinto et al (2006) found different ratios of sensitivity for 4 strains of L. 

johnsonii and 6 strains of L. plantarum against 0.4% phenol concentration while L. 

plantarum strains were less sensitive. Our results indicate a good tolerance of all 

tested strains towards phenol even if the growth in the presence of phenol is lower 

than the growth without phenol. 

 

3.7.5 Lactose Utilization 

 

The isolates were screened for their capacity to grow in medium supplemented with 

lactose. Change in color from red to yellow indicates the conversion of lactose to 

lactic acid and all the tested isolates can ferment lactose as shown in (Table 3.5). 

 

Lactose utilization of isolated LAB was described by Ahmed and Kanwal (2004). 

This test detects the importance of probiotic bacteria for lactose-intolerant people 

who have a deficiency of enzyme galactosidase. When they use lactose-containing 

products, symptoms including cramps, diarrhoea, abdominal pain can happen. Most 

of the studies conclude that the addition of certain probiotics to milk products and 

kefir will helps these people to ingest those products without having any symptoms 

(Scheinbach 1998; Fooks et al., 1999). 

 

3.7.6 The Proteolytic Activity of LAB 

 

Proteins and peptides are the basic structures and composed of 20 amino acids. 

Proteases are enzymes that stimulate the hydrolysis of peptide bonds in proteins and 
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polypeptide forming peptides and amino acids for bacterial growth (Christensen et 

al., 1999). 

All of the isolated bacteria that gave positive results in the previous microscopic and 

biochemical tests belonged to the genus Lactobacillus. They were examined for their 

protease activity by screening on skim milk agar by agar-well diffusion method at 

37
o
C after 48 h (Phyu et al., 2015). Proteolytic activity is a very essential 

characteristic of the LAB. It could be detected by measuring the diameter of the 

clear zone on skim milk agar. In the current study, the diameter of the clear zone 

confirmed that all isolates could hydrolyze casein by production of a protease 

enzyme. Similar results were noted by Atanasova et al (2014) and Phyu et al., 

(2015). However, they varied in the efficiency of casein hydrolysis. The strains K2-

3, K2-14, K4-6a, K5-3, K5-3a, K5-14, K5-15, and K6-14 formed a large clear zone 

from 31 to 33 mm around the colonies. The strain K5-14 produced the largest visible 

zone. These results were demonstrated by quantitative determination of the 

proteolytic activity as shown in Table 3.6 and Figure 3.19.  

 

 

  

Figure 3.19 Proteolysis activity for Lactobacillus isolates. 

 a (K6-14), b (K2-4a), c (K5-3) 
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Table 3.6   Proteolytic activity and bile salt tolerance test. 

No Isolate 

name 

Bile salt tolerance test Proteolysis 

(diameter of 

clear zone 

mm) 

Taurodeoxycholic acid 

0.5% (w/v) 

Glycocholic acid 

0.5% (w/v) 

1 K2-2a + + 29 

2 K2-3 ++ + 34 

3 K2-3a + + 28 

4 K2-4 ++ ++ 29 

5 K2-4a ++ ++ 28 

6 K2-14 ++ ++ 33 

     

7 K3-2a + + 25 

8 K3-3a + + 28 

9 K3-8b2 + + 24 

10 K3-13b + + 27 

11 K3-20 ++ ++ 23 

12 K3-20a + + 21 

13 K3-28 + + 23 

     

14 K4-6a ++ + 30 

15 K4-16 + + 25 

16 K4-17 ++ ++ 25 

17 K4-28 ++ + 20 

     

18 K5-3 ++ + 30 

19 K5-3a + ++ 31 

20 K5-5a + + 25 

21 K5-11 + + 30 

22 K5-14 ++ + 35 

23 K5-15 + + 33 
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Table 3.6  Proteolytic activity and bile salt tolerance test (continued). 

No Isolate name Bile salt tolerance test Proteolysis 

(diameter of 

clear zone mm) 

Taurodeoxycholic acid 

0.5% (w/v) 

Glycocholic acid 

0.5% (w/v) 

24 K6-1 + ++ 25 

25 K6-3a + + 30 

26 K6-6a + + 25 

27 K6-7 + + 29 

28 K6-9a + + 23 

29 K6-12 + ++ 21 

30 K6-14 ++ + 32 

(++) good growth, (+) less growth, (-) No growth 

 

3.7.7 Bile Salt Tolerance Test 

 

Bile salt is found in bile and secreted by liver cells to help in digestion. It can play a 

significant role in fat emulsification and cause segregation of the lipid bilayer, 

integral protein, and phospholipids of bacterial cell membranes resulting in a 

decrease in bacterial content and cell death (Burns et al., 2008). 

 

The ability of LAB to survive in the small intestine and grow in the presence of bile 

salts is one of the most crucial properties to play their effective role as probiotics. In 

the small intestine, the bile salt concentration is about 0.2% to 0.3%, and it can 

increase up to 2% (w/v). It depends on the type and amount of the ingested food 

(Bakari et al., 2011). Bile resistance of some strains is related to the activity of bile 
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salt hydrolase enzyme which helps hydrolyze conjugated bile to decrease its toxic 

effect (Du Toit et al., 1998).  

  

 

In a recent study, all Lactobacillus cultures were grown on bile salt–MRS agar plate 

containing 0.5% (w/v) taurodeoxycholic and glycholic acid. They produced free 

cholic acid with white precipitate around active colonies and spreaded into the 

medium. These results are in accordance with other work that checked the activity of 

bile salt hydrolase activity (BSH) for some probiotic lactobacilli and all tested strains 

gave BSH-positive (Ahn 2003; Begley 2006; Deshpande et al.,2014). 

 

Results for bile salts tolerance test are seen in Table (3.6). Based on the result, these 

isolates may be beneficial for use as probiotic organisms because all the isolates can 

tolerate and grow in 0.5 % bile salt concentration. A concentration of 0.3% of bile 

salts is close nearly to the bile level of the gastrointestinal tract (Golden and 

Gorbach, 1992). The presence of the food matrix may also maintain the bacteria 

from the bile effect and leads to improving the bile resistance of the strains (Begley 

et al. 2005). The bile salt tolerance test of Lactobacilluis colonies is demonstrated 

(Figure 3.20).  
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Figure 3.20  Bile salt hydrolase activity by lactobacilli on solid MRS. The greatest 

precipitations were by 1 (K2-4) , 21 (K4-17), and 23 (k3-13b)  

 

The greatest precipitation for both bile salts was in the case of K2-4, k3-13b, and k4-

17. According to Xanthopoulos et al (1997), the ability to tolerate bile salts varies a 

lot between the LAB species and among strains themselves. This is similar to the 

results in the recent study. 

 

Leite (2015) tested 37 isolates by a plate assay for resistance to different bile 

concentrations ranging from 0.3 to 2% and 34 isolates were grown in 0.3%. These 

results are in accordance with the results of the recent study. 

3.7.8 Carbohydrates Fermentation Test 

The main task of the carbohydrate fermentation test is to examine the ability of 

bacteria to ferment different types of sugars. This test was done using 1% (w/v) 

sugar in MRS broth (sucrose, glucose, lactose, maltose, and mannitol). Phenol red 

broth base medium was prepared as an indicator to identify the bacteria according to 

their sugars fermentation. Table 3.7 shows that all the isolated bacteria fermented 
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sucrose, glucose, and lactose, but some isolates could not ferment mannitol and 

maltose. 8 of 30 isolates could ferment all types of sugars with gas production from 

glucose fermentation as K2-2a, K2-4, k3-2a, K3-20, K5-5a, K5-11, K6-3a and K6-

14.  

 

Gas production was detected in durhum tubes from glucose fermentation. Some 

isolates could not produce gas from glucose fermentation. Bogdan et al (2014) 

discovered that all the isolates belonging to Lactobacillus paracasei ssp paracasei 

strains could ferment ribose, galactose, glucose, fructose, mannose, lactose, 

mannitol, and maltose. Our L. paracasei isolates which were identified by 16 S 

rDNA sequencing showed similar results in a way that they fermented  glucose, 

lactose, sucrose, maltose and mannitol.  

 

Phyu and Aye  (2015) also  examined the ability of LAB isolated from various 

yogurts and fermented products to ferment sugars consisting dextrose, glucose, 

lactose, maltose, fructose, raffinose, galactose, and xylose.  

 

Table 3.7 Carbohydrates fermentation patterns of isolates 

Isolate 

No 

Isolate 

name 

             Glucose Sucrose Lactose Maltose Mannitol 

Acid Gas Acid Acid Acid Acid 

1 K2-2a + + + + + + 

2 K2-3 + - + + + + 

3 K2-3a + - + + + - 

4 K2-4 + + + + + + 

5 K2-4a + - + + + + 

6 K2-14 + - + + + + 

 

7 K3-2a + + + + + + 

8 K3-3a + - + + + + 

9 K3-8b2 + + + + - + 
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10 K3-13b + - + + - - 

Table 3.7 Carbohydrates fermentation patterns of isolates (continued) 

Isolate 

No 

Isolate 

name 

             Glucose Sucrose Lactose Maltose Mannitol 

Acid Gas Acid Acid Acid Acid 

11 K3-20 + + + + + + 

12 K3-20a + + + + - - 

13 K3-28 + + + + - + 

 

14 K4-6a + - + + + - 

15 K4-16 + + + + - - 

16 K4-17 + + + + - - 

17 K4-28 + - + + - - 

 

18 K5-3 + + + + - - 

19 K5-3a + + + + - - 

20 K5-5a + + + + + + 

21 K5-11 + + + + + + 

22 K5-14 + + + + - - 

23 K5-15 + + + + - - 

 

24 K6-1 + + + + - + 

25 K6-3a + + + + + + 

26 K6-6a + + + + + - 

27 K6-7 + + + + - - 

28 K6-9a + + + + - - 

29 K6-12 + + + + - - 

30 K6-14 + + + + + + 

 

Mangalore (2015) used 22 different carbohydrates for identifiying the LAB. They 

showed positive results for acid fermentation of different sugars such as glucose, 

sucrose, maltose, mannitol, and lactose. These results have some similarity with our 

results. Also, Khedid et al (2009) examined 12 isolates of L. helveticus which 

fermented glucose, lactose, and galactose, 45% fermented mannose, 38% of isolates 

used maltose, and only a few fermented trehalose. Table 3.8 shows fermentation of 
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different sugars by our Lactobacillus isolates and identification according to the 

sugar fermentation results of other studies. 

 

Table 3.8 Fermentation of sugars by Lactobacillus isolates and references 

Isolates Fermented sugars LAB References 

K2-2a, k2-3, k2-4, k2-4a,  

k2-14, k3-2a,  k3-3a, k3-20 

k5-5a,  k5-11,  k6-3a,  k6-14 

Glucose (acid formation), 

sucrose, lactose, maltose, 

mannitol 

L. casei 

 

 

Shafakatullah 

and Chandra  

2015 

L. plantarum 

L. paracasei 

Asmahan, A. 

(2011). 

 

K2-2a, k2-4, k3-2a,  k3-20, 

k5-5a,  k5-11, k6-3a,  k6-14 

Glucose(acid and gas 

formation), sucrose, 

lactose, maltose, mannitol 

 

L.brevis Abdel-Rahman 

et al. 2011 

K2-3, k2-4a,  

k2-14, k3-3a 

Glucose (acid and no gas 

formation), sucrose, 

lactose, maltose,mannitol 

 

L. acidophilus Hassan et al., 

2014 

K2-3a, K4-6a, K6-6a Glucose, sucrose, lactose, 

maltose 

L. mesenteroides 

 

Gebreselassie et 

al., 2016 

K3-8b2, k3-28, k6-1 Glucose, sucrose, lactose, 

mannitol 

 

L. bulgaricus Askari M. et 

al., 2019 

K3-13b, k3-20a, k4-16, k4-

17, k4-28, k5-3,   

k5-3a, k5-14, k5-15,  

k6-7,  k6-9a, k6-12 

Glucose, sucrose, lactose L. brevis Gebreselassie et 

al., 2016 

 

3.8 16S rRNA Gene Sequencing of Lactobacillus Isolates 

There are some difficulties in the identification of LAB with phenotypic methods 

because strains of the same species can display phenotypic change (Drancourt et al., 

2000). Therefore, it is essential to perform genotypic identification of the results 

after the phenotypic identification methods. 
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After the confirmation of the amplification of 500-1000 bp amplified region of 16S 

rRNA gene with gel electrophoresis, the PCR products were subjected to sequencing 

analysis. This procedure was done by BM Laboratuvar Sistemleri in Ankara, Turkey. 

Figure 3.21 shows the gel electrophoresis of genomic DNA extracted from 

Lactobacillus isolates. 

 

 

Figure 3.21 Agarose gel electrophoreses of PCR products using 27F - 1492R as universal primers and 

the marker is the 100 bp DNA. 1(K3-8b2),  2( K6-7),  3(K4-16), 4(K5-3), 5(K3-13b), 6(K4-28), 

7(K6-12), 8(K3-20a), 9(K2-4), 10(K3-28), 11(K2-3), 12(K5-11), 13(K3-20a), 14(K4-17), 15(K6-

14),16(K5-15),17(K2-14). 

 

3.9 BLAST Analysis and Multiple Sequence Alignment  

 

Thirty isolates from 5 samples of kefir and milk samples (K2, K3, K4, K5, and K6) 

were identified using 16S rRNA gene sequencing. Partial 16S rRNA was obtained 

after sequencing, recovered in FASTA format, and subjected for BLAST search in 

The National Center for Biotechnology Information Gen Bank (NCBI). The partial 

16S rRNA sequences in the FASTA format are shown in the appendix. 
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BLAST result identified 22 of 30 isolates as L. paracasei subsp. tolerans strain 

NBRC 15906, 7 isolates were L. gallinarum strain ATCC 33199 and one isolate was 

L. helveticus strain NBRC 15019. The percent identity between the 22 isolates and L. 

paracasei subsp. tolerans strain NBRC 15906 is in range of 97% -100%.  

 

The BLAST analysis results of all isolates are shown in Table (3.9), (3.10), (3.11), 

(3.12) and (3.13). 

 

Table 3.9     BLAST analysis and alignment results for K2 (Ankara kefir) isolates 

 

No 

Query 

strain 

Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

 

1 

 

 

K2-2a 

 

 

L. gallinarum strain ATCC 33199 

L. helveticus strain NBRC 15019 

L. acidophilus strain NBRC 13951 

 

NR_042111.1 

NR_1137191.1 

NR_113638.1 

 

99.22 

99.05 

97.93 

 

2 

 

 

 

*K2-3 

 

L. intestinalis strain TH4 

L. gallinarum strain ATCC 33199 

L. helveticus strain NBRC 15019 

 

NR_117071.1 

NR_042111.1 

NR_1137191.1 

 

98.27 

99.19 

99.01 

 

 

3 

 

 

K2-3a 

 

L. gallinarum strain ATCC 33199 

L. helveticus strain NBRC 15019 

L. acidophilus strain NBRC 13951 

 

NR_042111.1 

NR_1137191.1 

NR_113618.1 

 

99.45 

99.36 

98.08 

 

 

4 

 

 

K2-4 

 

L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_041054.1 

 

NR_037122.1 

NR_113333.1 

 

99.67 

 

98.69 

98.60 

(*isolates  identified by alignment using the Clustal omega program) 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_117071.1?report=genbank&log$=nuclalign&blast_rank=7&RID=VK6PRFVS014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=1KVT9U9X016
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
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Table 3.9     BLAST analysis and alignment results for K2 (Ankara kefir) isolates 

(continued) 

 

No 

Query 

strain 

Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

 

5 

 

K2-4a 

 

L. gallinarum strain ATCC 33199 

L. helveticus strain NBRC 15019 

L.crispatus strain DSM 20584 

L. amylovorus DSM 20531 

 

NR_042111.1 

NR_113719.1 

NR_119274.1 

NR_117064.1 

 

99.05 

99.87 

98.30 

98.20 

 

6 

 

K2-14 

 

L. gallinarum strain ATCC 33199 

L. helveticus strain NBRC 15019 

L. crispatus strain DSM 20584 

 

NR_042111.1 

NR_113719.1 

NR_119274.1 

 

99.43 

99.24 

98.67 

 

Table 3.10  BLAST analysis and alignment results for K3 (Ankara kefir) isolates 

 

 

No 

Query strain Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

 

7 

 

K3-2a 

 

L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_041054.1 

NR_037122.1 

NR_113333.1 

 

 

99.73 

98.64 

98.55 

 

8 

 

K3-3a 

 

L. gallinarum strain ATCC 33199 

L. helveticus strain NBRC 15019 

L. acidophilus strain NBRC 

13951 

 

NR_042111.1 

NR_113719.1 

NR_113638.1 

 

99.19 

99.01 

89.20 

 

 

  

https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_119274.1?report=genbank&log$=nuclalign&blast_rank=7&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_117064.1?report=genbank&log$=nuclalign&blast_rank=10&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_119274.1?report=genbank&log$=nuclalign&blast_rank=7&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=US3KCWCS015
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Table 3.10 BLAST analysis and alignment results for K3 (Ankara kefir) isolates 

(continued) 

 

No 

Query strain Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

9 K3-8b2 L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC15883 

L. rhamnosus strain NBRC 3425 

NR_041054.1 

 

NR_037122.1 

NR_113333.1 

NR 113332 

 

99.51 

 

98.52 

98.44 

98.25 

10 K3-13b L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

NR_041054.1 

NR_037122.1 

NR_113333.1 

NR 113332.1 

99.23 

98.44 

98.35 

98.34 

 

11 K3-20 L. paracasei subsp. tolerans strain 

NBRC 15889 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

NR_113337.1 

 

NR_037122.1 

NR_113333.1 

NR 113332 

99.80 

 

99.69 

99.69 

99.69 

 

12 K3-20a L.paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

NR_041054.1 

 

NR_037122.1 

NR_113333.1 

NR 113332.1 

99.75 

 

98.86 

98.74 

98.36 

 

     

 

  

https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
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Table 3.10 BLAST analysis and alignment results for K3 (Ankara kefir) isolates 

(continued) 

 

No 

Query strain Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

13 K3- 28 

 

 

 

 

L. paracasei subsp. tolerans  

strain NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

NR_041054.1 

 

NR_037122.1 

NR_113333.1 

NR 113332.1 

99.92 

 

98.91 

98.82 

       98.49 

 

Table 3.11 BLAST analysis and alignment results for K4 (Kyrgyzstan) isolates 

No Query 

strain 

Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

 

14 

 

K4-6a 

 

L.  helveticus NBRC 15019 

L. gallinarum strain ATCC 33199 

L. acidophilus strain NBRC 13951 

 

 

NR_113719.1 

NR_042111.1 

NR_113638.1 

 

99.66 

99.66 

98.37 

15 K4-16 

 

L. paracasei strain ATCC  

25302 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_117987    

 

NR_037122.1 

NR_113333.1 

 

99.73 

 

98.98 

98.65 

16 K4-17 L. paracasei subsp. tolerans  

strain NBRC 15889 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_113337.1 

 

NR_037122.1 

NR_113333.1 

99.81 

 

99.72 

99.72 

17 K4-28 L. paracasei strain NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

NR_041054.1 

NR_037122.1 

NR_113333.1 

99.50 

98.49 

98.41 

 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
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Table 3.12      BLAST analysis and alignment results for K5 (Istanbul kefir) isolates 

No Query 

strain 

Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

18 K5-3 

 

 

L. paracasei strain NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

  NR_041054.1 

NR_037122.1 

NR_113333.1 

NR_113332.1 

99.43 

98.45 

98.37 

98.05 

 

19 

 

 

 

K5-3a 

 

L. paracasei strain NBRC 15889 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

NR_113337.1 

NR_037122.1 

NR_113333.1 

NR_113332.1 

99.75 

99.00 

98.92 

98.59 

 

20 

 

 

K5-5a 

 

L. paracasei strain NBRC158889 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

NR_113337.1 

NR_037122.1 

NR_113333.1 

NR_113332.1 

99.91 

99.09 

99.00 

98.54 

 

21 K5-11 

 

L. paracasei strain NBRC 15889 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

L. rhamnosus strain NBRC 3425 

NR_113337.1 

NR_037122.1 

NR_113333.1 

NR_113332.1 

99.65 

99.47 

99.47 

99.47 

 

22 *K5-14 L. zeae strain RIA 482 

L. paracasei strain NBRC 15889 

L. casei strain NBRC 15883 

NR_037122.1 

NR_113337.1 

NR_113333.1 

 

99.21 

99.30 

99.21 

23 *K5-15 L. zeae strain RIA 482 

L. paracasei strain NBRC 15889 

L. casei strain NBRC 15883 

NR_037122.1 

NR_113337.1 

NR_113333.1 

98.71 

98.79 

98.71 

(*isolates  identified by alignment using the Clustal omega program) 

 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=6&RID=UNK0EZZT014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=6&RID=UNK0EZZT014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
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Table 3.13   BLAST analysis and alignment results for K6 (Istanbul kefir) isolates 

No Query 

strain 

Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

24 K6-1 

 

L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_041054.1 

 

NR_037122.1 

NR_113333.1 

97.08 

96.06 

95.96 

 

25 *K6-3a L. helveticus strain NBRC 15019 

L. gallinarum strain ATCC 33199 

L. acidophilus strain NBRC 13951 

 

NR_113719.1 

NR_042111.1 

NR_113638.1 

 

99.22 

99.39 

98.09 

26 K6-6a L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_0410541.1 

 

NR_037122.1 

NR_113333.1 

 

99.52 

 

98.45 

98.36 

27 K6-7 

 

L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_0410541.1 

 

NR_037122.1 

NR_113333.1 

 

99.42 

 

98.44 

98.36 

 

28 K6-9a 

 

L. paracasei subsp. tolerans strain   

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

 

NR_0410541.1 

 

NR_037122.1 

NR_113333.1 

99.98 

 

98.04 

97.96 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=V5U9EWUB015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=V5V3Y72S015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=VB9RH7C0015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=VBD43F8P015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
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Table 3.13 BLAST analysis and alignment results for K6 (Istanbul kefir) isolates 

(continued) 

No Query strain Reference strain Accession number 

(Sequence ID) 

Identification                    

percentage % 

29 K6-12 

 

L. paracasei subsp. tolerans strain 

ATCC 25302 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

 

NR_117987.1 

 

NR_037122.1 

NR_113333.1 

 

99.25 

98.41 

98.23 

 

30 *K6-14 L. rhamnosus strain NBRC 3425 

L. paracasei subsp. tolerans strain 

NBRC 15906 

L. zeae strain RIA 482 

L. casei strain NBRC 15883 

NR_113332.1 

NR_0410541.1 

 

NR_037122.1 

NR_113333.1 

99.45 

99.54 

 

99.45 

99.45 

(*isolates  identified by alignment using the Clustal omega program) 

 

Phylogenetic relationship of all isolated microorganisms was analyzed with other 

partial 16S rRNA sequences of similar microorganisms that exist in the gene bank 

database. The sequences of closely related  Lactobacillus sp. were matched under 

Multiple Sequence Alignment (MSA) using the Clustal Omega program to identify 

the differences in DNA base sequences. The identical nucleotides for a given 

position were marked with * (asterisk). The output data is shown in the Appendix. 

 

This method suffers from the difficulties during identification methods especially for 

strains of the same species. Performing the 16S rRNA sequencing in one direction is 

acceptable for species identification, however it is not successful on  differentiation 

at   the strain  level.  

 

The MSA was performed after the BLAST analysis to all isolates because of the 

high similarity between them. This alignment was useful to differentiate some 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=2&RID=UN9DBYME01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
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isolates as (K2-3, K5-14, K5-15, K6-3a, and K6-14). Finally, after performing 

BLAST and MSA, it was found that 19 out of 30 isolates had 97-100% similarity 

under the group of L. paracasei sp. and closely related to identified organism  L. 

paracasei subsp. tolerans strain NBRC 15906. Five isolates had homology with L. 

gallinarum strain ATCC 33199,  two isolates were identified according to alignment 

as L. helveticus strain NBRC 15019, two isolates were closely related to L. zeae 

strain RIA 482, one isolate had homology to L. intestinalis strain TH4 while the last 

one isolate was identified as L. rhamnosus strain NBRC 3425. 

 

Multiple Sequence Alignment was successfully used to compare between k6-3a,  L. 

helveticus strain NBRC 15019, and L. gallinarum strain ATCC 33199. k6-3a has 

indicated highest similarity to L. gallinarum strain ATCC 33199 using Blast 

analysis. However, it was closely related to L. helveticus sequence using Clustal 

Omega program as shown in Figure 3.22 

 

 

Figure 3.22  The alignment of the 16S rRNA gene of Lactobacillus isolate k6-3a with bases of L. 

helveticus and  L. gallinarum. 

 

The MSA identification of k6-3a as L. helveticus was confirmed by 2 ways 16s 

rRNA sequencing  (Table 3. 14) 

 

In addition, k2-3 isolate was aligned with the sequences of L. gallinarum strain 

ATCC 33199 adapted from NCIB blast by using Clustal Omega program. K2-3 is 
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similar to L. intestinalis more than L. gallinarum and L.helveticus by Multiple 

Sequence Alignment  as seen in Figure 3.23 

 

 

Figure 3.23.  The alignment of the 16S rRNA gene of k2-3 isolate with bases of L. helveticus, L. 

intestinalis, and L. gallinarum. 

 

MSA was also used to compare isolate K5-14, L. casei, L. paracasei and L. zeae. It 

was useful to find single  nucleotide match between K5-14 and L. zeae (Figure 3.24) 

 

Figure 3.24  The alignment of the 16S rRNA gene of K5-14  isolate with bases of L. zeae, L. casei, 

and L. paracsei. 

 

MSA was also performed to compare K6-14, L. paracasei, L. zeae and L. 

rhamnosus. One more nucleotide similarity was observed between k6-14 and L. 

rhamnosus. However, low similarity was obtained with all species (Figure 3.25). 

Therefore, this isolate could  be  a closely related new specie. 



 

 

112 

 

Figure 3.25 The alignment of the 16S rRNA gene of K6-14 isolate with bases of L. zeae, L. 

rhamnosus and L. paracsei. 

 

MSA of K5-15, L. casei, L. paracasei and L. zeae has shown that K5-15 was closely 

related to L. zeae with 3 nucleotides while similarity with 2 nucleotides was 

observed with L. paracasei. As shown in Figure 3.26.  

 

 

Figure 3.26  The alignment of the 16S rRNA gene of K5-15  isolate with bases of L. zeae, L. casei, 

and L. paracsei. 

 

Thus, allignement for K5-15 isolate gave contraversial result. This problem was 

solved with 2 ways sequencing which allowed identification of this isolate as L. 

paracasei (Table 3.14).  

Some  isolates were selected for two-directions sequencing of 16s rRNA as shown in 

Table 3.14. 
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Table 3.14  Results of one and two directions 16S rRNA sequencing and MSA  

Isolate 

name 

One direction of 16S 

rRNA sequencing 

Multiple Sequence 

Alignment (MSA) 

two directionsof 

16S rRNA 

sequencing 

K2-3 L. gallinarum L. intestinalis L. gallinarum 

K5-14 L.paracasei L.zeae L.paracasei 

K5-15 L.paracasei L.zeae and\or  

L.paracasei 

L.paracasei 

K6-3a L. gallinarum L.helveticus L.helveticus 

K6-14 L.paracasei L. rhamnosus L.paracasei 

 

It is highly difficult to differentiate closely related species of Lactobacillus. In our 

study, K2-3, K5-14, K5-15 and K6-14 were identified by 16S rRNA sequencing in 

both one and two directions. On the other hand, K6-3a resulted in identification as 

same species by MSA and sequencing in two directions. Meanwhile, MSA for K5-

15 indicated an ambiguous result in between two similar species of L. zeae and L. 

paracasei whereas sequencing in two directions resulted in one of these species, L. 

paracasei . These results demonstrated that MSA could also provide reliable results 

in identification of some species. 
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Figure 3.27 Phylogenetic tree of aligned 16S rRNA gene sequences for the known 

species. 

 

 

 

Figure 3.28 Phylogenetic tree of aligned 16S rRNA gene sequences for some 

isolates.  

 

 

Figure 3.29 Phylogenetic tree of aligned 16S rRNA gene sequences for K6-14 with 

related known species.  
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In fact, It is also hard to differentiate L. paracasei subsp. tolerans strain NBRC 

15906, L. casei strain NBRC 15883, and L. zeae strain RIA 482 strains since they 

are closely related. Salvetti et al (2012) and Huang et al (2018) demonstrated that L. 

casei, L. paracasei, and L. rhamnosus comprise the  L. casei  group and these strains 

are closely related in the phenotypic and genotypic properties. Also, there are 

difficulties in identifying these species by the most used genotypic assay 

of 16S rRNA gene sequencing. That was the reason for controversial taxonomic 

status and nomenclature of this group. Furthermore, Desai (2006) presented that L. 

casei, L. paracasei, L. zeae , and  L. rhamnosus form a taxonomic group and had 

difficulty to differentiate from each other using traditional methods.  

 

16S rRNA gene sequences in many Lactobacillus species are too similar to be easily 

distinguished. In particular, closely related species within the L. acidophilus group 

(L. acidophilus, L. gallinarum, and L. helveticus), the L. casei group (L. casei, L. 

paracasei, and L. rhamnosus), the L. plantarum group (L. plantarum, L. 

paraplantarum, and L. pentosus), and the L. sakei group (L. sakei, L. curvatus, and 

L. graminis) are hard to identify by 16S rRNA gene sequences. (Hung C., 2017 and 

2018). 

Based on 16S rRNA gene sequences, many subspecies previously known as L. casei 

were reassigned into the other species. L. casei subsp. alactosus and L. casei subsp. 

pseudoplantarum were rearranged to L. paracasei subsp. paracasei, and L. casei 

subsp. tolerans was renamed as L. paracasei subsp. tolerans (Collins et al. 1989). 

This may be explain the presence of many isolates of L. paracasei isolated from 

kefir samples using partial 16S rRNA gene sequencing. 

Kao et al (2007) outlined that both L. paracasei and L. rhamnosus were organized in 

the L. casei group and their 16S rRNA sequence has 98% similarity so it is difficult 

to differentiate them by conventional PCR procedure. Also, it was investigated that 
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the classification of L. paracasei group (including L. casei, L. paracasei and L. zeae) 

were regarded as members of the same group according to 16S rRNA gene 

sequencing. 

Skerman et al (1980) demonstrated that all L. casei strains in their study were 

identifed as L. paracasei or L. casei by the result of 16S rRNA sequencing. 

According to Stackebrandt and Goebel (1994), the strains presenting homology of at 

least 97% might be identified as the same species. In our work, BLAST results of the 

most isolates showed 99% or higher percentage of identity with both L. paracasei , 

L. casei, L. zeae, and L. rhamnosus. The same was happening between L. helveticus, 

L. gallinarum, L. crispatus, and L. amylovorus. Fujisawa et al (1990) and Klein et al 

(1998) classified the species L. acidophilus,  L. crispatus, L. gallinarum, L. gasseri, 

L. amylovorus, and L.  johnsonii within the L. acidophilus/L. delbrueckii group.  

 

(Kim et al., 2020) accomplished a genomic analysis of L. helveticus and L. 

gallinarum and the result proved that L. gallinarum strain containing a unique gene 

of L. helveticus). This result confırmed the similarity between L. helveticus and L. 

gallinarum in our results of 16S rRNA sequencing. 

The results of different identification methods are often ambiguous, due to the close 

genetic relationship between species of L. acidophilus group and L. casei group,  So 

the development of a suitable method to identify these bacteria is necessary. Yu et al 

(2012) have demonstrated a strategy using elongation factor (tuf gene), heat shock 

protein gene and phenylalanyl-tRNA synthase to discriminate the closely related 

species in L. acidophilus group, L. casei group and L. plantarum group.  

 

The present results demonstrate that L. paracasei subsp. tolerans strain NBRC 

15906 was the predominant species in Turkish and Kyrgyzstan samples and are in 

line with the study of Magalhães et al (2011) that L. paracasei was the most 
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abundant bacterium in the Brazilian kefir sample. L. paracasei was also isolated and 

identified from Turkish, Russian, Brazilian, and Argentinian kefir samples (Merih 

and Evrim, 2015; Kotova et al., 2016; Magallhaes et al., 2011; Zanirati et al., 2015; 

Garrote et al., 2001). These results confirmed the similarity between Turkish kefir 

beverage with kefir samples from other regions. (Table 3.15) 

L. gallinarum strain ATCC 33199 was the predominant species in K2 kefir from 

Ankara. Four isolates (K2-2a), (K2-3a), (K2-4a), and (K2-14) were identified as L. 

gallinarum from K2 and one isolate from K3 (K3-3a) was identified as L. 

gallinarum. These results have some similarities with results of Kok-Tas et al (2012) 

and Nalbantoglu et al (2014) that detected L. gallinarum in Turkish kefir grains. 

 

From Taiwanese, Bulgarian, Brazilian, South African, and Turkish kefir grains and 

beverages, L. helveticus were isolated and identified (Chin et al.,1999; Simova et al., 

2002; Leite et al., 2012; Zanirati et al., 2015; Witthuhn et al., 2004, 2005; Kok-Tas 

et al., 2012;  Nalbantoglu et al., 2014). This is in good agreement with our findings 

for isolation of L. helveticus from (K4-6a) Kyrgyzstan milk product and (K6-3a) 

from Istanbul kefir sample. 

Table 3.16 shows a summary for the results of real-time PCR and results of 

identification by 16S rRNA sequencing. L. paracasei was significant positive as 

predominant probiotic bacteria in kefir with both assays. In the recent study, L. 

paracasei was isolated and identified from all kefir samples and also it was detected 

using real-time PCR in all samples including the commercial one, Turkish 

homemade kefir samples, and Kyrgyzstan milk product. However, L. kefiri and L. 

kefiranofaciens were predominant in real-time PCR in kefir samples, but our 

investigations could not obtain any of them from the Lactobacillus isolation.  
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Table 3.15 Summary for identification of isolates and references  

Isolates  Reference strain  Identification                    

percentage %  

Similar kefir 

samples  

References 

K2-4, K3-2a,  

K3-8b2, K3-13b, 

K3-20, K3-20a, 

K3- 28,  

K4-16, K4-17,  

K4-28, K5-3,  

K5-3a, K5-5a,  

K5-11, K6-1,  

K6-6a, K6-7,  

K6-9a, and K6-12  

L. paracasei 

subsp. tolerans 

strain NBRC 

15906  

79.08-

99.91%  

Brazilian, 

Turkish, 

Russian, 

Argentinian  

Merih and 

Evrim,2015; 

Kotova et al., 

2016; 

Magallhaes et 

al., 2011;  

Zanirati et al., 

2015; 

 Garrote et 

al., 2001 

K2-2a, K2-3a, 

 K2-4a, K2-14, 

K3-3a  

L. gallinarum 

strain  ATCC 

33199  

99.19-

99.45%  

dairy products  Tamime A Y. 

et al, 1005  

*K2-3  L. intestinalis 

strain TH4  

98.27%  - - 

K4-6a, *K6-3a  L. helveticus strain  

 NBRC 15019  

99.23-

99.66%  

Bulgarian 

Brazilan 

South African  

Turkish  

Simova et al., 

2002  

Leite et al., 

2012; 

Zanirati et al., 

2015  

Witthuhn et 

al., 

2004,2005  

Kok-Tas et 

al., 2012; 

Nalbantoglu 

et al., 2014  

*K5-14, *K5-15  L. zeae strain RIA 

482  

99.21-99.71  - - 

*K6-14  L. rhamnosus 

strain NBRC 3425  

99.45%  Dairy products  Wouters et al. 

(2002)  
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Some differences were found between the variety of Lactobacillus species detected 

using real-time PCR and isolates identification according to 16S rRNA sequencing. 

These differences are related to the high sensitivity and accuracy of real-time PCR 

for detecting very minute amounts of bacterial cells which can not be isolated by 

traditional cultivation methods (Mark et al., 2005). 

In the present study, The microbial population of kefir and milk product samples was 

detected, this proved that our samples had great variety in probiotic microorganisms.  

Homemade kefir from Ankara (K2) had L. kefiri, L. kefiranofaciens, L. acidophilus, 

L. delbrueckii subsp. bulgaricus, L. casei, L. paracasei, Saccharomyces cerevisiae, 

L. Plantarum, L. gallinarium and L. zeae. The K2 is more rich in probiotic strains 

than K3 from Ankara since L. delbrueckii subsp. bulgaricus, L. zeae, and L. 

plantarum  were not detected in K3 . 
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+, detected and\or isolated, -, not detected \or not isolated; NT, not tested

  K1 (AOC) K2 (Ankara kefir) K3 (Ankara kefir) K4 (Kyrgyzstan) K5(Istanbul kefir) K6 (Istanbul kefir) 

 Lactobacillus 

isolates 

RT. 

PCR 

RT. 

PCR 

Isolation RT. 

PCR 

Isolation RT. 

PCR 

Isolation RT. PCR Isolation RT. 

PCR 

Isolation 

1 L. acidophilus 

 (L. gallinarium) 

+ + + 

(k2-2a)   (k2-3a) 

(k2-4a)   (k2-14) 

(L.gallinarium) 

+ + 

(k3-3a) 

(L.gallinarium) 

+ - + - - - 

2 L. casei + + - + - + - + - + - 

3 L. paracasei + 

 

+ + 

(k2-4) 

+ + 

(k3-2a) (k3-8b2) 

(k3-13b) (k3-20) 

(k3-20a) (k3-28) 

+ + 

(k4-16)      

 (k4-17) 

(k4-28) 

+ + 

(k5-3) (k5-3a) 

(k5-5a)  

(k5-11) 

+ + 

(k6-1) (k6-6a) 

(k6-7) (k6-9a) 

    (k6-12) 

4 L.delbrueckii 

subsp. 

bulgaricus 

+ + - - - + - + - + - 

5 L .kefiri + + - + - + - + - + - 

6 L.  kefiranofaciens + + - + - + - + - + - 

7 L. fermentum - - - - - + - - - + - 

8 L. plantarum + + - - - - - - - - - 

9 S. cerevisiae - + - + - + - + - + - 

10 S. thermophilus + - - + - + - + - + - 

11 L. sobris 

\amylovorus 

- - - - - + - + - - - 

12 L. helveticus NT NT - NT - NT + 

(k4-6a) 

NT - NT + 

(k6-3a) 

13 L .intestinalis NT NT + 

(K2-3) 

NT - NT - NT - NT - 

14 L. zeae NT NT - NT - NT - NT + 

(k5-14( 

(k5-15) 

NT - 

15 L .rhamnosus NT NT - NT - NT - NT - NT + 

(k6-14) 

Table 3.16 shows the results of real time PCR and isolation of kefir isolates 
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Milk sample from Kyrgyzstan (K4) was the richest sample of bacteria and yeast 

using real-time PCR, even than the commercial one. It was composed of  L. kefiri, L. 

kefiranofaciens, L. acidophilus, L. delbrueckii subsp. bulgaricus, L. casei, L. 

paracasei, Saccharomyces cerevisiae, Streptocccus thermophilus, L. amylovorus, L. 

fermentum, and L. helveticus. 

Homemade kefir from Istanbul (K5) had L. kefiri, L. kefiranofaciens, L. acidophilus, 

L. delbrueckii subsp. bulgaricus, L. casei, L. paracasei, Saccharomyces cerevisiae, 

Streptocccus thermophilus, L. amylovorus, and L. intestinalis. 

In addition, the kefir sample from Istanbul (K6) was the only sample that lacked L. 

acidophilus using real-time PCR assay. However, it had L. kefiri, L. kefiranofaciens, 

L. delbrueckii subsp. bulgaricus, L. casei, L. paracasei, Saccharomyces cerevisiae, 

Streptocccus thermophilus, L. fermentum, L. helveticus, and L. rhamnosus. 

The microbial population in our samples had significant similarity with the microbial 

population of other kefir samples from Turkey, China, Brazil, Bulgaria, Taiwan, and 

Argentine as shown in Chapter 1 (Table1.1). 

All of these probiotic strains might have beneficial roles in reducing cholesterol, 

improving digestion, enhancing the immune system, and cancer prevention.( Shavit 

2008; Chiang and Pan, 2012; Berardi et al., 2013).  Therefore, the most 

investigations are focused on lactobacilli for the isolation, selection, identification, 

and development of new strains with desired properties. 
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 CHAPTER 4 

       CONCLUSION 

 

Kefir is a fermented milk product, produced by kefir grains. It has always been 

traditionally consumed in Turkey. Kefir is rich in probiotics of LAB, acetic acid 

bacteria, and yeasts. These LAB play an important role in the kefir production, in 

addition to some benefits for human health. Therefore, in this study, four samples of 

Kefir grains were collected from different regions in Turkey and Kefir beverage was 

prepared from them for detection and isolation of probiotics. In addition, one milk 

product from Kyrgyzstan and one commercial kefir product (AOC) were used for the 

detection and identification of the kefir population. 

In the first part of the study, a SYBR green based real-time PCR assay (real-time PCR) 

was performed for detection of kefir probiotic bacteria and a yeast with specific primers 

for the species L. acidophilus, L. delbrueckii subsp. bulgaricus, L. kefiri, L.  

kefiranofaciens, L. fermentum, L.  plantarum, L.  amylovorus, Streptococcus 

thermophilus, Saccharomyces cerevisiae, L. casei and L. paracasei using DNA directly 

isolated from kefir sources. The results of real time PCR were summarized according to 

the amplification and melting curves. L. kefiri, L. kefiranofaciens, L. casei, and L. 

paracasei were detected in all kefir samples. In addition to the presence of L. 

acidophilus,  L. delbrueckii subsp. bulgaricus, L. fermentum, L. plantarum, L. 

amylovorus, Streptococcus thermophilus, and Saccharomyces cerevisiae in some kefir 

samples. The predominance of some lactic acid bacteria and yeast in homemade kefir 

supports the importance of these probiotics in commenrcial kefir production. 

 

In the second part of the current study, LAB were isolated from kefir samples. Isolates 

were identified using microscopic and biochemical identification methods as 
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temperature, pH, bile salt, NaCl, and phenol tolerance tests. Also, lactose production, 

sugar fermentation, and proteolysis activity tests were performed. 

All the kefir isolates showed resistance to acid, temperature, phenol, and bile salts in 

addition to their proteolytic activity. 

L. acidophilus group and L. casei group isolates are difficult to differentiate. However, 

thirty bacterial isolates were identified by partial 16S rRNA sequencing (one or two 

ways) and the results of sequencing were determined by BLAST analysis and Multiple 

Sequence Alignment. 

 

All isolates were identified according to sequencing and alignment. It was determined 

that 19 isolates were L. paracasei subsp. tolerans strain NBRC 15906, 5 isolates were  

L. gallinarum strain ATCC 33199,  two were L. helveticus strain NBRC 15019,  two 

were L. zeae strain RIA 482, one was L. intestinalis strain TH4 and one was L. 

rhamnosus strain NBRC 3425. 

 

As a result, it was concluded that real-time PCR is an accurate method for detection of 

the kefir population and there are many probiotic bacteria in examined kefir samples 

with good probiotic properties and proteolytic activity. The identified isolates in this 

study, have potential to be used for  the production of kefir.  

 

Further studies are required to select some of these dominant probiotics with specific 

benefits from kefir to produce lyophilized kefir.  
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APPENDICES  

APPENDIX A.   Real Time PCR Results 

A.1 Amplification curves of kefir sample K1, K2  DNA isolate with specific primers 

(L. Kefiri  , L. acidophilus  ,L. delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L. 

fermentum , L. plantarum , S. cerevisiae  , S. thermophilus , L. sobris \amylovorus 

 

 
 
 

A.2 Amplification curves of kefir sample k3  DNA isolate with specific primers (L. 

delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L. fermentum , L. plantarum , S. 

cerevisiae  , S. thermophilus ,L. sobris \amylovorus) 
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A.3 Amplification curves of kefir sample k4  DNA isolate with specific primers (L. 

delbrueckii subsp. bulgaricus , L. kefiranofaciens, L. fermentum , L. plantarum , S. 

cerevisiae  , S. thermophilus , L. sobris \amylovorus) 

 

 

 

 

A.4  Amplification curves of kefir sample K5 DNA isolate with specific primers (L. 

Kefiri  , L. acidophilus  , L. delbrueckii subsp. bulgaricus , L. kefiranofaciens, L. 

fermentum , L. plantarum , S. cerevisiae  , S. thermophilus , L. sobris \amylovorus) 
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Melting curves of kefir sample (K5 and K6 ) DNA isolate with specific primers (L. 

Kefiri  , L. acidophilus  , L.delbrueckii subsp. bulgaricus , L. kefiranofaciens, L. 

fermentum , L. plantarum , S. cerevisiae  , S. thermophilus , L.sobris \amylovorus 

 

 

A.5   Amplification curves of kefir sample K6  DNA isolate with specific primers (L. 

Kefiri  , L.acidophilus  ,L.delbrueckii subsp. bulgaricus ,L.kefiranofaciens, L.fermentum 

, L.plantarum , S.cerevisiae  , S.thermophilus ,L.sobris \amylovorus 
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Melting curves of kefir sample K6  DNA isolate with specific primers (L. Kefiri  , 

L.acidophilus, L.delbrueckii subsp. bulgaricu  ,L.kefiranofaciens, L .fermentum , L. 

plantarum , S.cerevisiae , S.thermophilu  ,L.sobris \amylovorus 

 

 

A.6   Amplification curves of kefir sample K1,K2 ,K3 , K4 ,K5, K6  DNA isolate with 

specific primers (L. casei and L. paracasei) 
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Melting curves of kefir sample K1,K2 ,K3 , K4 ,K5, K6  DNA isolate with specific 

primers (L. casei and L. paracasei) 
 

 

 

A.7   Amplification curves of kefir sample K1 and K2  DNA isolate with specific 

primers (L. delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L. fermentum , L. 

plantarum ) 
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Melting curves of kefir sample K1 and K2  DNA isolate with specific primers (L. 

delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L. fermentum , L .plantarum ) 
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APPENDIX B 

B. 16 S ribosomal RNA gene partial sequence   

B.1  16 S ribosomal RNA gene partial sequence  for  k2-2a 

CGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGGGACGCGAGCGG

CGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGTCTAGGATACCACTTGGA

AACAGGTGCTAATACCGGATAATAAAGCAGATCGCATGATCAGCTTATAAAAGGC

GGCGTAAGCTGTCGCTATGGGATGGCCCCGCGGTGCATTAGCTAGTTGGTAAGGTA

ACGGCTTACCAAGGCAATGATGCATAGCCGAGTTGAGAGACTGAACGGCCACATT

GGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCAC

AATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATC

GTAAAGCTCTGTTGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGAC

GGTAATCAACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGT

AGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAAGAA

TAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGGAAACTGTTTT

TCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGGAATGCGTAGA

TATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGCAACTGACGCTGAG

GCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAA

ACGATGAGTGCTAAGTGTTGGGAGGTTTCCGCCTCTCAGTGCTGCAGCTAACGCAT

TAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACG

GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACC

TTACCAGGTCTTGACATCTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGA

CGCTAAGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA

AGTCCCGCAACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTC

TAATGAGACTGCCGGGGACAAACCGGAGGAAGGGGGGGATGACGCCAAGCCACTT

GCCCCTATGACCGGGGCAACC 
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B.2   16 S ribosomal RNA gene partial sequence  for k2-3 

GGCTCCTTCCGAAGGTTAGGCCACCGGCTTTGGGCATTGCAGACTTCCATGG

TGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTTCT

GATCCGCGATTACTAGCGATTCCAGCTTCGTGCAGTCGAGTTGCAGACTGC

AGTCCGAACTGAGAACAGCTTTCAGAGATTCGCTTGCCTTCGCAGGCTCGCT

TCTCGTTGTACTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCA

TGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCA

TTAGAGTGCCCAACTTAATGCTGGCAACTAATAATAAGGGTTGCGCTCGTT

GCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACC

ACCTGTCTTAGCGTCCCCGAAGGGAACTCCTAATCTCTTAGGATGGCACTAG

ATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCT

CCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTC

GTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTGAGAGGCGG

AAACCTCCCAACACTTAGCACTCATCGTTTACGGCATGGACTACCAGGGTA

TCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTGCAGACC

AGAGAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTCCACCG

CTACACATGGAGTTCCACTCTCCTCTTCTGCACTCAAGAAAAACAGTTTCCG

ATGCAATTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTATTCTTCCGC

CTGCGCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTAT

TACCGCGGCTGCTGGCACGTATTTAGCCGTGACTTTCTGGTTGATTACCGTC

AAATAAAGGCCAGTTACTACCTCTATCCTTCTTCACCAACAACAGAGCTTTA

CGATCCAAAACCTTCTTCACTCAGGCGGCGTTGCTCCATCAAACTTGCGTCC

ATTGTGGAAGATTCCCTACTGCTGCCCT 
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B.3    16 S ribosomal RNA gene partial sequence  for  k2-3a 

ACCTGCAAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCT

GGGGACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCAT

AGTCTAGGATACCACTTGGAAACAGGTGCTAATACCGGATAATAAAGCAGA

TCGCATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGGCC

CCGCGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGATG

CATAGCCGAGTTGAGAGACTGAACGGCCACATTGGGACTGAGACACGGCCC

AAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTC

TGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCT

GTTGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGACGGTAA

TCAACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA

GGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAA

GAATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGGAA

ACTGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGT

GGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGT

CTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATA

CCCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTTCC

GCCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGA

CCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGG

AGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACA

TCTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGACGCTAAGACAG

GTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCG

CAACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTCTAA

TGAGACTGCCGGTGACAAACCGGAGGAAGGGGG 

 

 

 



 

 

167 

B.4  16 S ribosomal RNA gene partial sequence  for  k2-4 

ATGCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA

CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA

GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC

CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC

GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG

TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT

TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC

AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG

GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT

TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA

CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC

TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG

CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG

TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT

AAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATC

ATGCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACAACGAGT

TGCGAGACCGCGAGGTCAGCTAATCCTTAAAGCCTTTCCAGTTCGGACTGT

AGGCTGCACTCGCCTACCCAAATCGGAATCCCTAGTA 
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B.5   16 S ribosomal RNA gene partial sequence  for  k2-4a 

GGCTCCTTCCCGAAGGTTAGGCCACCGGCTTTGGGCATTGCAGACTTCCATG

GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTTC

TGATCCGCGATTACTAGCGATTCCAGCTTCGTGCAGTCGAGTTGCAGACTGC

AGTCCGAACTGAGAACAGCTTTCAGAGATTCGCTTGCCTTCGCAGGCTCGCT

TCTCGTTGTACTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCA

TGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCA

TTAGAGTGCCCAACTTAATGCTGGCAACTAATAATAAGGGTTGCGCTCGTT

GCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACC

ACCTGTCTTAGCGTCCCCGAAGGGAACTCCTAATCTCTTAGGATGGCACTAG

ATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCT

CCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTC

GTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTGAGAGGCGG

AAACCTCCCAACACTTAGCACTCATCGTTTACGGCATGGACTACCAGGGTA

TCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTGCAGACC

AGAGAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTCCACCG

CTACACATGGAGTTCCACTCTCCTCTTCTGCACTCAAGAAAAACAGTTTCCG

ATGCAATTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTATTCTTCCGC

CTGCGCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTAT

TACCGCGGCTGCTGGCACGTATTTAGCCGTGACTTTCTGGTTGATTACCGTC

AAATAAAGGCCAGTTACTACCTCTATCCTTCTTCCCAACAACAAAACTTTAC

AATCCAAAAACCTTCTTCACTCAGGCGGCGTTGCTCCCTCAAACTTGCGTCC

ATTGGGGAAAAATTCCCTACTGCTT 
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B.6  16 S ribosomal RNA gene partial sequence  for  k2-14 

GGCTCCTTCCCGAAGGTTAGGCCACCGGCTTTGGGCATTGCAGACTTCCATG

GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTTC

TGATCCGCGATTACTAGCGATTCCAGCTTCGTGCAGTCGAGTTGCAGACTGC

AGTCCGAACTGAGAACAGCTTTCAGAGATTCGCTTGCCTTCGCAGGCTCGCT

TCTCGTTGTACTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCA

TGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCA

TTAGAGTGCCCAACTTAATGCTGGCAACTAATAATAAGGGTTGCGCTCGTT

GCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACC

ACCTGTCTTAGCGTCCCCGAAGGGAACTCCTAATCTCTTAGGATGGCACTAG

ATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCT

CCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTC

GTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTGAGAGGCGG

AAACCTCCCAACACTTAGCACTCATCGTTTACGGCATGGACTACCAGGGTA

TCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTGCAGACC

AGAGAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTCCACCG

CTACACATGGAGTTCCACTCTCCTCTTCTGCACTCAAGAAAAACAGTTTCCG

ATGCAATTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTATTCTTCCGC

CTGCGCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTAT

TACCGCGGCTGCTGGCACGTATTTAGCCGTGACTTTCTGGTTGATTACCGTC

AAATAAAGGCCAGTTACTACCTCTATCCTTCTTCACCAACAACAAAGCTTTA

CGATCCGAAAACCTTCTTCACTCACGCGGCGTTGCTCCATCAAACTTGCGTC

CATGGGGAAGATTCCCTACTGCAC 
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B.7  16 S ribosomal RNA gene partial sequence  for  K3-2a 

ACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACATGGAACGA

GTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATA

ACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTC

TTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTAT

TAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCCGAAC

TGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACG

GGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCA

ACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGGAG

AAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAA

AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGC

GTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTG

ATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGAAACT

TGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTA

GATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGA

CGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGT

CCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGT

GCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTT

GAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT

TTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGATCA

CCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGGTGCATGG

TTGTCGTCAGCTCGTGTCCTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCA

ACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTTTAGTAAGACGGCCG

GTGACAAACCGGAGGAAGGGGGGGGATGACGTCGG 
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B.8  16 S ribosomal RNA gene partial sequence  for  k3-3a 

GAGTTGATCCTGGATCAGAGAAGACCCAACAAAGTTACCTCAGAAATGACG

CTGGGGACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCC

ATAGTCTAGGATACCACTTGGAAACAGGTGCTAATACCGGATAATAAAGCA

GATCGCATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGG

CCCCGCGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGA

TGCATAGCCGAGTTGAGAGACTGAACGGCCACATTGGGACTGAGACACGGC

CCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAG

TCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCT

CTGTTGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGACGGT

AATCAACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACG

TAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGG

AAGAATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGG

AAACTGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCG

GTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTG

GTCTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGA

TACCCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTT

CCGCCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTAC

GACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT

GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGA

CATCTAGTGCCATCCTAAGAGATTAGGAGTTCTCTTCGGGGACGCTAAGAC

AGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCC

CGCAACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTCT

AATGAGACTGCCGGTGACAAACCGGAGGAAAGGGGGGGATGACGTCAAGT

CATCCGGCCCC 
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B.9 16 S ribosomal RNA gene partial sequence for k3-8b2 

TGCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAAC

ATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAG

TGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACC

GCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC

GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG

TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT

TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC

AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG

GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT

TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA

CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC

TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG

CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG

TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT

AAGACTGCCGGTGACAACCGGAGGAAGGTGGGGATGACGTCAATCATCAT

GCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACACGAGTTGC

GAGACGCGAGGTCAGCTAATCCTTAAAGCCTTTCCAGTTCGGCTGTAGGCT

GCACCCCCTAACAAATCGGA 
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B.10 16 S ribosomal RNA gene partial sequence  for  k3-13b 

AGTGTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACATGGAACGAGT

GGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATAAC

ATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTCTT

GGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTATTA

GCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCCGAACTG

AGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGG

AGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAAC

GCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGGAGAA

GAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAAAG

CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGT

TATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGAT

GTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGAAACTTG

AGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGA

TATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACG

CTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCC

ATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGC

CGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTTGA

AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA

ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGATCACCT

GAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGGTGCATGGTTG

TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC

CCTTATGACTAGTTGCCAGCATTTAGTTGGGGCACTCTAGTAAGAACTGCCG

GGTGACAAACCGGGAAGGAAGGTGGGGGATGACGTCCAAATCCTCTTGCCC

CCTTTAGGAACCTGGGGCTAACCACCGTGCTAACAAGGGAAGGGTAAAA 

 

 



 

 

174 

B11.  16 S ribosomal RNA gene partial sequence  for  k3-20 

GCTCGCTCCCTAAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCA

TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGT

GCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCT

ACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTC

GCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGG

GGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGT

CTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCT

CGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG

CACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA

AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC

ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG

CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG

GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA

GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC

AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT

CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT

TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA

ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA

CATATTACCGCGGCTGCTGGCACGTAATTAGCCGTGGCTTTCTGGTTGGATA

CCGTCACGCCAACAACAATCA 
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B.12 16 S ribosomal RNA gene partial sequence for  k3-20a 

GAGTGTCTCGGTGATGATCGGTGCTTGCACCGAGATTCAACATGGGAACGA

GTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATA

ACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTC

TTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTAT

TAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCCGAAC

TGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACG

GGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCA

ACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGGAG

AAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAA

AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGC

GTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTG

ATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGAAACT

TGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTA

GATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGA

CGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGT

CCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAT 
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B.13 16 S ribosomal RNA gene partial sequence for  k3-28 

TGCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA

CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA

GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC

CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC

GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG

TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT

TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC

AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG

GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT

TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA

CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC

TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG

CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG

TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT

AAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATC

ATGCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACAACGAGT

TGCGAGACCCGAGGTCAGCTAATCCTTAAGCCATTCCAATTCGGATGTAGG

CTGAAC 
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B.14 16 S ribosomal RNA gene partial sequence  for  k4-6a 

TGCAAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGG

GACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGT

CTGGGATACCACTTGGAAACAGGTGCTAATACCGGATAAGAAAGCAGATCG

CATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGGCCCCG

CGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGATGCAT

AGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGT

TGTTGGTGAAGAAGGATAGAGGCAGTAACTGGCCTTTATTTGACGGTAATC

AACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG

TGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAAGA

ATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAACTGCATCGGAAAC

TGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGG

AATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGACTCTCTGGTCT

GCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTTCCG

CCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGACGCTAAGACAGG

TGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTGTTATTAGTTGCCAGCATTAAGTTGGGCACTCTAAT

GAAACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATC

AGCCCCTTAGGACCTGGGCTACCCCGTGCTACATGGGAAAGTACACCGGAA

GCGAGCCTGG 
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B.15 16 S ribosomal RNA gene partial sequence  for  k4-16 

GCTTGCACCGAGATTCAACATGGAACGAGTGGCGGACGGGTGAGTAACAC

GTGGGTAACCTGCCCTTAAGTGGGGGATAACATTTGGAAACAGATGCTAAT

ACCGCATAGATCCAAGAACCGCATGGTTCTTGGCTGAAAGATGGCGTAAGC

TATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAATGGC

TCACCAAGGCGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTG

GGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTC

CACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCT

TTCGGGTCGTAAAACTCTGTTGTTGGAGAAGAATGGTCGGCAGAGTAACTG

TTGCCGGCGTGACGGTATCCAACCAGAAAGCCACGGCTAACTACGTGCCAG

CAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTA

AAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAAC

CGAGGAAGCGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTG

GAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTG

GCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGG

TAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAATGC

TAGGTGTTGGAGGGTTTCCGCCCTTCATTGCCGCATACTAACGCATAAGCGT

TCCACCTGGGCGGTTC 
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B 16 . 16 S ribosomal RNA gene partial sequence  for  k4-17 

GCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCAT

GGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTG

CTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCTA

CAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTCG

CAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGG

GCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTC

TTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCTC

GTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGC

ACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA

AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC

ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG

CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG

GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA

GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC

AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT

CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT

TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA

ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA

CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA

CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAGA

GTTTTACGACCCGAAAGCCTTCTTCCTCACGCGGCGTTGCTCCATCAAACTT

GCGTCCATTGGGGATG 
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B17. 16 S ribosomal RNA gene partial sequence  for  k4-28 

GCAGTCGACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACAT

GGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTG

GGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGC

ATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGC

GGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTA

GCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAAC

TCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGAT

GGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTG

TTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAA

CCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG

GCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTT

AAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTG

GGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA

ATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTG

TAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCC

TGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCC

CTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCG

CAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGC

ATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTT

TTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGG

TGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC

GAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGTAA

GACTGCCGGTGACAAACCGGAGGAAGGGGGGGATGACGTCAAATCATCAT

GCCCCTTATGACTGGGGCTACCCACGTGCCTACAATGGGATGGTACAACCA

AGTTGCCAGAACCGCCGAGGTCAAGCTAATCTCTTAA 
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B.18  16 S ribosomal RNA gene partial sequence  for  k5-3 

TGCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAAC

ATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAG

TGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACC

GCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC

GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG

TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT

TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC

AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG

GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT

TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA

CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC

TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG

CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG

TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT

AAGACTGCCGGTGACAAACCGGAGGAAGGTGGGATGACGTCAATCATCAT

GCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACACGAGTTGC

GAGACCCCAGGTCAGCTAATCCTTAAGCCTTTCCAGTTCGGACGTAGGCTG

CACTCCCTACCAAGTCGGATCGCAGTATCCGGATCAC 
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B.19 16 S ribosomal RNA gene partial sequence  for  k5-3a 

GCCTAATACATGCAAGTCGAACGAGTTCTTGTTGATGATCGGTGCTTGCACC

GAGATTCAACATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAAC

CTGCCCTTAAGTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAG

ATCCAAGAACCGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTT

GGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGG

CGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGA

CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGA

CGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGT

AAAACTCTGTTGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGT

GACGGTATCCAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGT

AATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGC

AGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCG

CATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATG

TGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCG

GCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACA

GGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTG

GAGGGTTTCCGCCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGG

GGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCAC

AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAG

GTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAA

AATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTT

AAGTCCCGCAACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGG

GCACTCTAGTAAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACG

TCAAATATCATGCCCCTTATGACCTGGGCTACCCCCGTGCTACAATGGAGG

GACAACGAGTTGCAGACCGGGAGTCAAGCTAATCTTTAAGGCCTTTTTAGT

TCGGACTGGAGGGTGGAACTGGC 
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B.20 16 S ribosomal RNA gene partial sequence  for  k5-5a 

TGCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA

CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA

GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC

CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC

GCGGCGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGATGATACG

TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT

TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGTGACGGTATCC

AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG

GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT

TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA

CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC

TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG

CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG

TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTATGACTAGTTGAC 
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B.21 16 S ribosomal RNA gene partial sequence  for  k5-11 

GGCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCA

TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGT

GCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCT

ACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTC

GCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGG

GGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGT

CTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCT

CGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG

CACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA

AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC

ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG

CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG

GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA

GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC

AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT

CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT

TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA

ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA

CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA

CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAGA

GTTTTACGACCCGAAAGCCTTCTTCACTCAGGCGGCGTTGCTCCATCAAACT

TGCGTCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGTAGGAATTTGGGCC

GGGTCTCATTCCCAATGTGGCCAATCAACCTTCAATTCGGCTACGTATCACC

GCCTTGGTGAACCCTTACCTCCCCACCAAGCTAAACCCCCCGGGTTCCATCC

AAAGCGATAACTTACCCCTTCTTTACCCAC 
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B.22   16 S ribosomal RNA gene partial sequence  for  k5-14 

GCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCAT

GGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTG

CTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCTA

CAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTCG

CAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGG

GCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTC

TTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCTC

GTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGC

ACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA

AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC

ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG

CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG

GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA

GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC

AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT

CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT

TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA

ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA

CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA

CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAGA

GTTTTACAACCCCAAAGCCTTCTTCACTCAGGCGGCGTTGCTCCATCAAACT

TGCGTCCATTGTGGAAGAATCCCTACTGCTGCCTCCCGTAGGATTTGGGCCG

GGTCCCACTCCCAAGGGGGCCAATCAACCTCCCAGTTCGGCG 
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B.23    16 S ribosomal RNA gene partial sequence  for  k5-15 

GGCTCGCTCCCTAAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTC

ATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCG

TGCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCC

TACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCT

CGCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAG

GGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAG

TCTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGC

TCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCAT

GCACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATC

AAAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCA

CATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTT

GCGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAA

GGGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACC

AGGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTA

CAGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATT

TCACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAG

TTTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAA

AACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCT

ACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGAT

ACCGTCACGCCGACAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAG

AGTTTTACGACCCGAAAGCCTTCTTCACTCAGGCGGCGTTGCTCCATCAGAC

TTGCGTCCATTGTGGAAGATTCCCTACTGCTGCCTCCCCTAAGAATTTGGGC

CGTGTCTCAGTCCCAATGTGGCCGATCAACCTCTCAATTCGGCTACATATCA

TCCCCTTGGTGAACCCTTACCTCCCCACTAGCTTAAACCCCCGGGTCCCTCC

AAAAGGAATGCTTACGCCTCTTTTACCCAAAAACATGGCGGGTTTCTGGATT

TTGCGGTTTAACCTCTTTTTCCAAGTTATCCCCCCTTAGGGGG 
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B.24  16 S ribosomal RNA gene partial sequence  for  k6-1 

GCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAAC

ATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAG

TGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACC

GCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC

GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG

TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT

TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC

AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG

GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT

TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA

CTGGGAAACTTGAGTGCAGAAGAAGACAGTGGAACTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAAGCGGCTGTCTGGTC

TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG

CCCTTCAATGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC

CGCCAGGTTGAAACTCAAAGGAATTGACGGGGGCCCCCACAACCGGTGGA

GCATGTGGTTTAATTCAAGCAACCCGAGAAACCTTACCAGGGCTTGACTTCT

TTTGATCACCTGAAAAATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGGG

GGGCATGGTTGTCCTCCACCCCCGTCCGGGAAATTTGGGTTAATTCCCCCAC

CAAGGCAACCCTTTTAACAATTGCCGCCATTTATTTGGGCCCTCTTTAAAAA

TGCCGGGGAAAACCCGAGGAAGGGGGGGTAAAGTCAAAATCCTTGGCCCC

TTTAAACCGGGGTCACCCCGGTCCACTGGAGGGGAAACCAAGTTTGGGAAC

CCGGGGTAAGCTAATTCTTTAAGGCCTTTCCCTTTGGGAGGGGGGGGGCAC

CCCCCTCCCAAAACGGGAAATCTGGTAATTCGGAAAAAACCCCCCGGGGAA

AATTTCCCG 
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B.25  16 S ribosomal RNA gene partial sequence  for  k6-3a 

TGCAAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGG

GACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGT

CTAGGATACCACTTGGAAACAGGTGCTAATACCGGATAATAAAGCAGATCG

CATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGGCCCCG

CGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGATGCAT

AGCCGAGTTGAGAGACTGAACGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGT

TGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGACGGTAATC

AACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG

TGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAAGA

ATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGGAAAC

TGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGG

AATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCT

GCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTTCCG

CCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGACGCTAAGACAGG

TGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTCTAAT

GAGACTGCCGGTGACAAACCGGAGGAAGGGGGGGATGACCTCAAGCATCA

TGCCCCTT 
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B.26  16 S ribosomal RNA gene partial sequence  for  k6-6a 

TCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACATGGA

ACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGG

GATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATG

GTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGC

GTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCC

GAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCC

TACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGA

GCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTG

GAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCA

GAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCA

AGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAG

TCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGA

AACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGC

GTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAAC

TGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGT

AGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTC

AGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAG

GTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGT

GGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGA

TCACCTGAAAGATCAGGTTTCCCCTTCGGGGGCAAATGACAGGGGGTGCAT

GGTTGCCGTCAGCCCGGGGCAGGAGAGTTTGGGGTTAAGTCCTGAACTG 
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B.27   16 S ribosomal RNA gene partial sequence  for  k6-7 

GCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACA

TGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGT

GGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCG

CATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGC

GGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTA

GCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAAC

TCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGAT

GGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTG

TTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAA

CCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG

GCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTT

AAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTG

GGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA

ATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTG

TAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCC

TGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCC

CTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCG

CAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGC

ATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTT

TTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGG

TGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC

GAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGTAA

GACTGCCGGTGACAACCGGAGGAAGGTGGGGATGACGTCAATCATCATGCC

CC 
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B.28    16 S ribosomal RNA gene partial sequence for k6-9a 

TGCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA

CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA

GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC

CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC

GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG

TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA

ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG

ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT

TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC

AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG

GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT

TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA

CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC

TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC

CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG

CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC

CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA

GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT

CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG

TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC

AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT

AAGACTGCCGGTGACAACCGGAAGGAAGGTGGGGATGACGTCAAATCATC

ATGCCCCTTATGACCTGG 
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B.29 16 S ribosomal RNA gene partial sequence for k6-12 

TGCTTGCACCGAGATTCAACATGGGAACGAGTGGCGGACGGGTGAGTAACA

CGTGGGTAACCTGCCCTTAAGTGGGGGATAACATTTGGAAACAGATGCTAA

TACCGCATAGATCCAAGAACCGCATGGTTCTTGGCTGAAAGATGGCGTAAG

CTATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAACG

GCTCACCAAGGCGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACAT

TGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATC

TTCCACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAG

GCTTTCGGGTCGTAAAACTCTGTTGTTGGAGAAGAATGGTCGGCAGAGTAA

CTGTTGTCGGCGTGACGGTATCCAACCAGAAAGCCACGGCTAACTACGTGC

CAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGC

GTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTT

AACCGAGGAAGCGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACA

GTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCA

GTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCAT

GGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAA

TGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGCCGCAGCTAACGCATTAAG

CATTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACG

GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAA

GAACCTTACCAGGTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCC

CTTCGGGGGCAAAATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT

GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATGACTAGTTG 
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B.30 16 S ribosomal RNA gene partial sequence  for  k6-14 

GGCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCA

TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGT

GCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCT

ACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTC

GCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGG

GGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGT

CTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCT

CGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG

CACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA

AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC

ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG

CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG

GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA

GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC

AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT

CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT

TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA

ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA

CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA

CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCACAACAAAAT

TTTACGACCCGAAAGCCTT 
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APPENDIX C 

C. BLAST ANALYSIS OF PARTIAL 16S rRNA GENE OF KEFIR ISOLATES 

C.1 Blast analysis and alignment results for k2-2a 
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C.2  Blast analysis and alignment results for k2-3 

 

Alignment 
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C.3 Blast analysis and alignment results for k2-3a 
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C.4 Blast analysis and alignment results for k2-4 
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C.5 Blast analysis and alignment results for k2-4a 
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C.6  Blast analysis and alignment results for k2-14 
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C.7    Blast analysis and alignment results for k3-2a 
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C.8   Blast analysis and alignment results for k3-3a 
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C.9   Blast analysis and alignment results for k3-8b2 
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C.10   Blast analysis and alignment results for k3-13b 
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C.11   Blast analysis and alignment results for k3-20 
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C.12    Blast analysis and alignment results for k3-20 a 
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C.13    Blast analysis and alignment results for k3-28 
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C.14    Blast analysis and alignment results for k4-6a 
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C.15    Blast analysis and alignment results for k4-16 
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C.16    Blast analysis and alignment results for k4-17 
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C.17   Blast analysis and alignment results for k4-28 
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C.18  Blast analysis and alignment results for k5-3 
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C.19   Blast analysis and alignment results for k5-3 a 
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C.20   Blast analysis and alignment results for k5-5 a 
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C.21    Blast analysis and alignment results for k5-11 
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C.22    Blast analysis and alignment results for k5-14 
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C.23   Blast analysis and alignment results for k5-15 
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C.24    Blast analysis and alignment results for k6-1 
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C.25  Blast analysis and alignment results for k6-3a 
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Alignment 

 

C.26  Blast analysis and alignment results for k6-6a 
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C. 27  Blast analysis and alignment results for k6-7 
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C.28   Blast analysis and alignment results for k6-9a 
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C.29    Blast analysis and alignment results for k6-12 
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C.30   Blast analysis and alignment results for k6-14 
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