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INTRODUCTION 

Probiotic which means „for life‟ is relatively a new term 

and defined as “living microorganism which when 

administered in right amount confers health benefit to the 

host”. Due to changes in living style and increase in 

pollution, human beings are infected with various kinds 

of diseases. There is rise in prevalence of chronic 

diseases like different types of allergies and gut-

associated diseases such as ulcerative colitis, crohn 

disease, inflammatory bowel disease etc. since past 

decades. There is awareness among the consumer of the 

link between the diet and the good health. Recent years 

have witnessed the emergence of antibiotic resistance 

where antibiotic therapy is less effective to various kinds 

of diseases, in such circumstances probiotics hold a 

promising future as alternative therapy for the treatment 

of various chronic diseases. So consumers are looking 

for the good functional food for the well being of their 

health and main group of probiotic microorganisms are 

lactobacilli and bifidobacteria. Intensive research on 

lactobacilli and bifidobacteria has increased over the past 

few decades due to its health promoting probiotics 

effects. Probiotics contain species of bifidobacteria 

and/or lactobacilli that are intended to generate an impact 

on the intestinal microflora.
[1]

 

 

The global market of probiotic ingredients, supplements 

and food was worth $14.9 billion in 2007 and it was 

expected to reach 15.9 billion in 2008 and 19.6 billion in 

2013, representing a compound annual growth rate of 

4.3%.
[2]

 Accurate identification of probiotic is very 

essential for the characterisation of any probiotic 

products. Product labels often list invalid names of 

organisms or misidentify the species the product contains 

leading to consumer confusion.
[3][4]

 Accurate 

identification of strains of lactobacilli and bifidobacteria 

must also be accomplished so that consumers can be 

reliably informed of the content of probiotic products.
[1]

 

According to the guidelines of joint FAO/WHO expert, 

speciation of the bacteria must be established using the 

most current, valid methodology.
[5]

 

 

Identification of lactobacilli and bifidobacteria by 

traditional culture based methods is time consuming, 

laborious and not reliable. Conventional technique of 

identification of lactobacilli and bifidobacteria includes 

cell and colony morphology, biochemical test, sugar 

fermentation of different sugar, enzyme analysis etc. 

Classical method of microbiological technique is 

important for selection and enumeration but it is not 

efficient and reliable to classify bacteria taxonomically 

upto species level. Earlier identification of lactic acid 

bacteria (LAB) was based on the phenotypic methods, 

but these methods have a low taxonomic resolution and 

often allow differentiation only at the genus level.
[6]

 In 

general, phenotypic methods suffer from a lack of 

reproducibility generated by conditions of culture related 

to different laboratories and to the diversity of strains 
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ABSTRACT  

Identification of probiotics bacteria with phenotypic technique is difficult, not reliable and efficient to classify 

them up to species level. Since probiotics effects are known to be strain specific, proper identification becomes 

important to associate a specific effect with a particular strain. Reliable identification of probiotic bacteria is a 

crucial task for its application in industries as well as for its safety and quality control. Correct nomenclature of 

bacterial strains should be labelled on the probiotic products so that the consumers are well informed about the 

beneficial effects of the particular probiotic strain. Classical methods of classification are influenced by 

physiological and environmental factors however molecular methods are not influenced by such factors and allow 

accurate identification results. Molecular methods are more reliable than the phenotypic characterization as 

molecular methods are DNA-based techniques which offer much to differentiate greater discriminatory power to 

differentiate individual strains. 
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(biotypes) that comprise the recognised species.
[7] [8] [9]

 

When phenotypic methods are used to identify bacteria, 

interpretation of test results can involve a substantial 

amount of subjective judgement.
[10]

 Since the 

advancement in the technique of molecular biology, it is 

getting more reliable to identify and differentiate 

probiotic bacterial strains. Molecular identification is 

more reliable and powerful even between closely related 

species. Polymerase chain reaction based methods (PCR-

RFLP, REP-PCR, PCR ribotyping and RAPD) are 

mainly used as molecular tools.
[11]

 Comparison between 

these methods, the most powerful and accurate one is 

sequencing.
[12]

 Phylogenetic analysis based on 

comparisons of 16s ribosomal DNA (rDNA) sequence 

data is now routinely used in the determination of 

taxonomic relationships between microorganisms. 

Molecular tools such as pulse field gel electrophoresis 

(PAGE), random amplified polymorphic DNA (RAPD) 

and ribotyping are used to identify bacterial strains of 

lactobacilli and bifidobacteria. An overview of molecular 

techniques for the identification of lactobacilli and 

bifidobacteria are presented here. 

 

IDENTIFICATION OF LACTOBACILLI AND 

BIFIDOBACTERIA 

Lactobacilli are generally gram-positive, non-motile, 

catalase negative, non-spore, non-respiring rods which 

through fermentation of carbohydrates produce lactic 

acid as their major end product and that they have less 

than 55% mol G+C content in their DNA. One common 

feature of the lactobacillus is their ability to produce 

lactic acid as a major end product of their fermentation 

of hexose sugars. Lactobacillus lack electron transport 

systems and cytochromes hence they do not have a 

functional Krebs cycle. The genus Lactobacillus is one 

of the largest genera and contains around eighty species. 

Based on the released of CO2 from glucose metabolism, 

lactobacilli can be categorized into homofermentative 

lactobacillus & heterofermentative lactobacillus. 

 

The accurate identification of lactobacillus isolates to the 

species level requires around 17 phenotypic tests and still 

various isolates could not be identified after the 

application of all available phenotypic tests as the 

bacterial populations involved often have similar 

nutritional requirements and grow under similar 

environmental conditions. 

 

Bifidobacteria previously known as Bacillus bifidus, are 

a group of microorganisms that were classified into 29 

different species in the 9th Edition of Bergey‟s Manual 

of Systematic Bacteriology.
[13]

 Bifidobacteria are gram 

positive, non-spore, non-catalase, pleomorphic, 

nonmotile, strictly anaerobic bacteria, produce lactic acid 

or acetic acid as major end product without the 

generation of CO2 and major constituents of the human 

intestinal microflora. There are more than 33 species that 

were identified from the genus Bifidobacterium using 

recent molecular and biochemical methods, of which 12 

have been associated with the human gastrointestinal 

tract.
[14]

 They are classified within the phylum 

Actinobacteria, which is one of the largest taxonomic 

units of bacteria.
[15]

 Members of the genus 

bifidobacterium are characterized by a high GC-content 

of 55-67%.
[16]

 Bifidobacteria are characterized by a 

special metabolic pathway so called „bifidus shunt‟ for 

the conversion of hexose sugars.
[17]

 A typical enzyme of 

the genus bifidobacteria, fructose-6-phosphate 

phosphoketolase is responsible for the conversion of 

hexose sugar. The enzyme fructose-6-phosphate 

phosphoketolase was purified by Sgorbati et al. 

(1976).
[18]

 Determination of this key enzyme is used for 

the identification of genus bifidobacteria. The principle 

tools for the phenotypic identification of bifidobacteria 

are carbohydrate fermentation, cell wall analysis and 

detection of specific enzymes. The disadvantage of 

culture dependent technique is the fact that not all 

microorganisms can be cultured on growth media, 

making it impossible to isolate and identify a significant 

number of microbial species.
[19]

 Moreover, these 

methods are time consuming and results are not reliable. 

The distinction between some species currently used in 

commercial products such as B. infantis and B. longum, 

or B. animalis and B. lactis is difficult when phenotypic 

tests are only used.
[20]

  
[21]

  
[22]

 

 

16S rRNA 

Recently, with the introduction of methods for direct 

retrieval and sequence analysis of some target genes, 

mainly those of ribosomal RNAs, it has become possible 

to evaluate the genetic diversity and phylogenetic 

relationships of microorganisms in different ecosystems 

without cultivation.
[23]

 Characterization of 

microorganisms according to their 16S rDNA regions 

sequencing was possible since the pioneering work of 

Woese in 1987.
[24]

 The 16S rRNA gene sequences 

(rDNA) can be used in the reliable identification of many 

bacterial species through the derivation of specific 

oligonucleotide probes or polymerase chain reaction 

(PCR) based techniques.
[25]

 
[26]

 
[27]

 
[28]

 The application of 

16S targeted oligonucleotide probes is the best and most 

reliable approach to identify bacteria on a phylogenetic 

basis for reasons including its universal distribution 

among bacteria and the presence of species-specific 

variable regions. The 16S rRNA gene is nearly 1540 

bases long and includes variable regions while the 

general structure is highly conserved (least variable). 

DNA in all cells and portions of the rDNA sequence 

from distantly related organisms are remarkably similar. 

The presence of sequences of the hypervariable regions 

in the rRNA molecule are characteristic of different 

organisms and provides a rapid and reproducible means 

of determining genotype. Because the probes have the 

broadest specificity ranging from universal to species 

specificity, it is possible to use 16S rRNA gene to study 

phylogenetic relationships between microorganisms and 

identify them more accurately.
[29]

 
[30]

 
[31]

 In 16S rRNA 

alignment of the sequences with those stored in 

databanks allowed the recognition of those species that 

cannot be cultivated by conventional techniques. In 
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lactobacillus species, the 16S rRNA has size of about 

1500 bp and is present in several numbers and spacer 

regions of various sizes serve as separators between the 

copies of bacterial genes. In lactobacillus two flanked 

spacer regions of different in size are present in between 

16 and 23S rRNA genes. Most organisms carry several 

rrn operons in their genome and in most cases the 

intragenomic sequences of the structural rRNA genes are 

highly similar. Bifidobacteria and lactobacilli have been 

found to harbour from two to seven rrn operons.
[32]

 
[33]

 
[34]

 
[35]

 
[36]

 
[37]

 Sequences unique to certain organisms or a 

group of organisms can be found which has been utilised 

to design species and group-specific nucleic acid probes 

for the detection and identification of bacteria. Specific 

oligonucleotide probes and primers targeting rRNA 

(rDNA) have been designed for different species of 

Lactobacillus that occur in the human intestine and these 

have been used in various applications. Species 

identification by 16S rRNA sequence analysis is 

hampered by the high level of sequence relatedness 

between closely related bifidobacterial species that show 

more than 97% sequence similarity.
[38]

 The sequence 

homology analysis of 16S rRNA demonstrates some 

interesting results for the phylogenetic analysis of the 

genus Bifidobacterium.
[39] [40]

 However, sequence 

similarities are very high with some species groups: B. 

catenulatum and B. pseudocatenulatum group (similarity 

99.5%), B. longum and B. infantis group (similarity 

99.1%), B.lactis and B. animalis group (similarity 

99%).
[38] [41]

 The recent application of culture-

independent molecular techniques, particularly those 

based on 16S rRNA genes, has allowed a complementary 

assessment of the biodiversity of the human milk 

microbiota
[42]

, particularly bifidobacteria which is 

difficult to cultivate in the culture media. Although it is 

very useful and simple method for the identification of 

genus and species of bacteria, it does not allow 

differentiation of subspecies.
[43]

 Although 16S rRNA is a 

very useful molecular tool to develop the phylogeny of 

bacteria, it does have some limitation. Different genes 

can not be separated easily as the genes of the 16S 

molecule are extremely constant with a total variation of 

about 200 bp for a mean length of 1550bp.
[44]

 

 

RANDOM AMPLIFIED POLYMORPHIC DNA 

(RAPD) 

Random amplified polymorphic DNA (RAPD) is a PCR 

based technique and is also known arbitrarily as primed 

PCR (AP-PCR). In this technique, oligonucleotides (a 

primer of ≈10 nucleotides in length) with a random 

sequence are selected to anneal to the complementary or 

partially complementary sequences in the target DNA 

under conditions of low stringency and the DNA 

between the binding sites on opposite strands can be 

amplified. The proximity, number and location of these 

priming sites vary between strains and the 

electrophoretic pattern of DNA fragments amplified by 

PCR provides a fingerprint which is characteristic of 

each bacterial strain. RAPD is simple, rapid, sensitive 

and inexpensive molecular technique for genetic typing 

of different strains of lactobacillus and bifidobacteria. It 

has been widely applied for the typing of lactobacilli and 

bifidobacteria from various environments.
[45]

 
[46]

 RAPD-

PCR has been used with LAB in several studies and has 

successfully typed LAB strains.
[47]

 By using RAPD 

technique Tynkkynen et al., 1999
[48]

, distinguished 12 

genotypes among 24 L. casei group (L. casei, L. 

rhamnosus, L. paracasei and L. zeae) strains, most of 

which were human isolates. RAPD typing has been used 

for intraspecific differentiation of Lactobacillus 

helveticus
[49]

, Lactobacillus sake
[50]

 and Lactobacillus 

plantarum
[51] 

strains. The used of 5 single primers OPA-

02, OPA-18, OPL-07, OPL-16 and OPM-05 used under 

optimized conditions improved the resolution and 

accuracy of the RAPD method for the characterization of 

dairy-related bifidobacteria including B. adolescentis, B. 

animalis, B. bifidum, B. breve, B. infantis and B. 

longum.
[46]

 Despite the usefulness of RAPD-PCR for 

strain typing, it also has been criticized. Most concerns 

are related to the reproducibility of the results, but for the 

reproducibility of the results careful optimisation and 

standardisation should be done properly. Variation in 

concentration of template DNA, concentrations of PCR 

components, magnesium concentrations and the PCR 

cycling conditions may greatly influence the outcome 

and can cause variations in the RAPD patterns. 

Mismatches between the primer and the template may 

result in the total absence of PCR product and decreased 

amount of the product. Therefore, in that case 

interpretation of the RAPD results can be difficult. 

However, with careful optimization, including ensuring 

the quality of the template DNA, polymerase enzyme 

and PCR conditions, the RAPD-PCR method has been 

found reliable and reproducible.
[52][53]

 The advantage of 

RAPD is that it allows to distinguish strains within 

species that cannot be differentiated by ARDRA. This 

technique has been described as a useful technique for 

both identification and typing.
[54] [55] [56]

  

 

MULTILOCUS SEQUENCE TYPING (MLST) 

MLST was first developed for Neisseria meningitidis in 

1998 to overcome the poor reproducibility between 

laboratories of older molecular typing schemes.
[57]

 In this 

method, seven housekeeping genes of 450-bp internal 

fragments of microorganism are compared based on the 

partial nucleotide sequence. As there are many alleles at 

each of seven loci, isolates are highly unlikely to have 

identical allelic profiles by chance and isolates with the 

same allelic profile can be assigned as members of the 

same clone. MLST involves PCR amplification and 

DNA sequencing. Distinct DNA sequence data are 

provided by MLST that can be easily exchanged and 

compared via worldwide web databases. The MLST 

allele sequences and sequence type (ST) profile tables 

are stored in curated databases hosted at different sites 

around the world.
[58] [59] [60]

 MLST approach is widely 

used for various bacteria and the databases with 

sequence profiles are publically available.
[61]

 De las 

Rivas et al. (2006)
[62]

 used MLST approach to confirm 

the identity of two strains of L. plantarum deposited in 
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the Spanish Type Culture Collection as different strains. 

Deletoile et al. (2010)
[63]

 used seven genes for MLST of 

119 strains belonging to four Bifidobacterium species 

which resulted in identification of 104 sequence types 

(ST) based on a combination of alleles. Transmission of 

B. longum subsp. Longum strains from mother-to-infant 

in breast milk taken at 7 and 30 days after delivery and 

fecal samples of the corresponding infants taken at 0, 3, 

7, 30 and 90 days of age were determined using 

MLST.
[64]

 

 

RIBOTYPING 

Ribotyping is a variation of the restriction fragment 

length polymorphism (RFLP) analysis of the genomic 

DNA, where certain fragments are high-lighted by 

probing in order to obtain less complex patterns that are 

easier to interpret.
[65]

 It is a molecular method that can 

identify and classify bacteria based upon the information 

in differences in rRNA (16S and 23S rRNA). In this 

technique, DNA is extracted from a colony of bacteria 

and digested with the restriction enzymes and then the 

DNA fragments are separated according to sizes. The 

DNA is then transferred onto nylon membranes and 

hybridized with a radiolabel 16S or 23S rRNA probe. 

The pattern is recorded, digitized and stored in a 

database. The probes used in ribotyping vary from partial 

sequences of the rDNA genes or their spacer regions
[66]

 
[67]

 to the whole rDNA operon. It is the variations that 

exist among bacteria in both the position and intensity of 

rRNA bands that can be used for their classification and 

identification.
[68]

 Using this technique, it was possible to 

divide 26 L. helveticus strains into five, nine and ten 

ribotypes using EcoRI, PvuII and MluI, respectively 

using the intergenic 16S–23S rDNA as a probe.
[68]

 

Ribotyping has been shown to be a useful tool in 

differentiating human intestinal lactobacilli and 

bifidobacteria at both the species and strain level.
[48] [67] 

[69]
 Discrimination of part of the species of the genus 

Bifi- dobacterium isolated from human intestinal 

microflora has been studied using ribotyping.
[67] [70]

 

Mangin et al. (1994)
[71]

 applied ribotyping to 

discriminate species of Bifidobacterium, and found that 

similar-sized molecular bands were generally observed 

in closely related strains. 

 

PULSED-FIELD GEL ELECTROPHORESIS 

(PEGE) 

PFGE is more effective than ribotyping, SDS-PAGE or 

RAPD-PCR in discriminating between strains.
[72]

 The 

PFGE is a strain-specific DNA typing method and 

considered to be "golden standard" for strain 

identification. In pulse field gel electrophoresis, 

restriction enzymes are used to digest microbial DNA 

then separation of the DNA fragments take place by 

electrophoresis and after separation, DNA fragments are 

compared to evaluate the variability among stains of the 

same species. The demerits of this technique are it is 

laborious, time consuming and equipments used are quite 

expensive. In PEGE, there is separation of large 

fragments of DNA fragments obtained from the 

restriction digests with endonuclease such as ApaI, SmaI, 

Not I, SfiI, XbaI, ScaII etc. with increasing pulse time 

throughout the run. PFGE protocols have been well 

established for lactobacilli and the techniques have 

shown superior discriminatory power in comparison to 

other typing methods in strain differentiation.
[35]

 PFGE 

has become integral in studying probiotic strain 

relatedness.
[73]

 

 

PFGE protocols have been well established for both 

lactobacilli and bifidobacteria and the techniques have 

shown superior discriminatory power in comparison to 

other typing methods in strain differentiation.
[32] [35] [48]

 

During the last two decades PFGE has been used for 

genotyping of various Bifidobacteria spp. such as B. 

longum, B. bifidum, B. infantis, B. adolescentis, 

B.catenulatum.
[26] [48]

 PFGE profiles were obtained for 

reference strains of B. animalis, B. infantis, B. longum, B. 

bifidum, B. adolescentis, B. angulatum, B. catenulatum, 

B. pseudocatenulatum, B. lactis and B. breve.
[32] [72] [74]

 

Strain typing has been done successfully by PEGE for 

L.acidophillus, L.casei, L.delbrueckii, L.fermentum, 

L.helveticus, L.rhamnosus, L.sakei.
[75] [76]

 PFGE is not a 

feasible technique for large scale typing of isolates as it 

is laborious. However, PFGE has been used to confirm 

the differentiation of intestinal bifidobacterial and 

lactobacilli strains obtained by ribotyping.
[69] [76]

 

 

It is a highly discriminatory and reproducible method 

and has been used to differentiate strains of important 

probiotic bacteria such as bifidobacteria
[22]

 L. casei
[77]

 

and L. acidophilus.
[75]

 This method has been used to 

differentiate members of different genera including 

Lactococcus.
[78]

 It has also been used for strain 

differentiation and chromosome size estimation in 

Lactobacillus acidophilus
[75]

, L. plantarum.
[79]

 PFGE has 

been used to complement and confirm other strain-typing 

methods and to study the dynamics of indigenous lactic 

acid bacteria and bifidobacteria in human feeding 

studies.
[69] [76]

 However, the disadvantage of this method 

is that it is time-consuming, laborious, equipments used 

are quite expensive and the need to predetermine 

restriction enzymes that provide suitable fragment 

patterns.  

 

TEMPERATURE AND DENATURING GRADIENT 

GEL ELECTROPHORESIS (TGGE and DGGE) 

TECHNIQUES 

Denaturing gradient gel electrophoresis (DGGE) is a 

molecular fingerprinting method that allows the 

separation of polymerase chain reaction (PCR)-generated 

DNA fragments by using temperature gradient gel 

electrophoresis (TGGE) or denaturing gradient gel 

electrophoresis (DGGE). The principle behind DGGE is 

the separation of individual rRNA gene which is based 

on the melting temperature and the chemical stability of 

DNA. Since PCR products from a given reaction are of 

similar size (bp), conventional separation by agarose gel 

electrophoresis results only in a single DNA band that is 

mostly non-descriptive. However, DGGE can overcome 

https://en.wikipedia.org/wiki/Restriction_enzyme
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this limitation by separating PCR products based on 

sequence differences that results in differential 

denaturing characteristics of the DNA. During DGGE, 

PCR products encounter increasingly higher 

concentrations of chemical denaturant as they migrate 

through a polyacrylamide gel and upon reaching a 

threshold denaturant concentration, the weaker melting 

domains of the double-stranded PCR product will begin 

to denature at which time migration slows dramatically. 

Individual bands, separated by DGGE, can also be 

identified by direct cloning and sequencing or by 

hybridization with group- or genus-specific DNA probes.  

Different sequences of DNA from different bacteria will 

denature at different denaturant concentrations which 

results in a pattern of bands. Each band theoretically 

representing a different bacterial population present in 

the community. Once generated, fingerprints can be 

uploaded into databases in which fingerprint similarity 

can be assessed to determine microbial structural 

differences between environments or among treatments. 

 

The PCR-T/DGGE of 16S rRNA and rDNA is now 

widely used in molecular ecological studies to assess, in 

a culture-independent way, the diversity and community 

dynamics in microbial communities.
[80]

 This technique is 

widely used in strain-specific identification of 

lactobacilli and has been demonstrated to be a winning 

molecular approach in a large study on the occurrence of 

lactobacillus species in the gastrointestinal microflora of 

mice.
[81]

 Its usefulness has been also reported in recent 

studies on the intestinal persistence of orally 

administered human probiotic lactobacillus sp. strains in 

healthy adults.
[82]

 DGGE methods for the selective 

monitoring of bifidobacteria and lactic acid bacteria were 

developed. Bifidobacterium breve, B. adolescentis and B. 

bifidum from milk samples and B. longum and B. 

pseudocatenulatum from the infant faeces by PCR-

DGGE.
[36] [83]

 The PCR-DGGE method revealed 

intragenomic 16S rDNA sequence heterogeneity in B. 

adolescentis E-981074T.
[36]

 

 

AFLP 

Amplified fragment length polymorphism (AFLP) 

analysis is based on the selective amplification of 

restriction fragments from total digests of genomic DNA, 

the DNA fragments are then separated by 

polyacrylamide gel electrophoresis.
[84]

 The AFLP is 

highly sensitive and considered along with the PFGE as 

the most discriminating genotypic technique.
[20]

 AFLP 

used the combination of two strategies - the 

hybridization-based fingerprinting where genomic DNA 

is digested with the restriction enzyme and the PCR 

based methods in which adaptors which act as primer 

binding sites for PCR amplification are ligated to the 

digested DNA. The use of PCR primers complementary 

to the adapter and the restriction site sequence yields 

strain-specific amplification patterns.
[84]

 The merit of 

AFLP is its discriminating power to differentiate subtle 

differences among strains but its demerits are it is 

extremely time-consuming and expensive. AFLP can be 

used both for identification as well as typing. It has been 

reported that AFLP has been successfuly used for the 

strain typing of the L. acidophilus group and L. 

johnsonii.
[65]

 
[85]

 Lazzi et al. (2009).
[86]

 reported the 

successful use of AFLP analysis in the characterization 

of S. thermophilus strains and the potential uses for this 

technique to define the whole-genome diversity of each 

specific strain, as an alternative to the fingerprinting 

methods used till now. AFLP has been used for the 

strain-specific identification of probiotic strains of 

bifidobacteria B. longum subsp. Longum.
[64]

  

 

CONCLUSIONS 

Lactobacilli and bifidobacteria are the most important 

group of probiotic microorganisms. The probiotic 

properties of microorganisms are characteristic of each 

strain. Different strains of the same species are always 

unique, benefits may only pertain to particular strains. 

Therefore accurate identification of strain to be used as 

probiotic by using advanced molecular technique is a 

crucial task for its application in industries as well as for 

its safety and quality control. By using molecular tools, 

reliable identification of lactobacilli is possible but 

improvement is needed for the identification of 

bifidobacteria by using molecular approaches. Probiotic 

products meant for human consumption which are sold 

by the companies must use correct nomenclature of the 

particular strain after identification by using current 

molecular approaches. 
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