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Abstract: Probiotic bacteria are defined as live microorganisms that, when administered in adequate 

amounts, confer a health benefit on the host. While this beneficial effect was originally thought to stem 

from improvements in the intestinal microbial balance, there is now substantial evidence that probiotics 

can also provide benefits by modulating immune functions. Scientists continue to work on elucidation of 

the mechanisms of the most common probiotic strains. The results that might arise from could be 

extremely important because the use of probiotics to maintain health must be considered promising, 

although much remains to be elucidated. The universal use of some strains seems less reasonable from an 

ecological point of view than selection of strains from their natural habitat were they are adapted to the 

ecological niche. It is important to understand that all probiotic strains are unique and different and their 

properties and characteristics should be well defined.  
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Introduction 

Probiotics are live microorganisms which, 

when administered in adequate amounts, 

confer a health benefit on the host 

(FAO/WHO, 2001). Probiotics have a long 

history of safe consumption in fermented 

foods such as yogurts and pickled edibles and 

considerable interest exists in their use as 

food additives and supplements. 

Lactobacillus and Bifidobacterium constitute 

the bacterial genera most frequently 

employed in probiotic preparations for 

human use. Probiotic preparations must 

meet strict criteria related to quality, safety 

and functionality [1]. A key quality criterion 

is that they contain accurately defined 

numbers of viable cells as expressed on the 

product label.  

Some investigators, however, have found that 

commercial products did not contain the 

stated cell numbers [2] but had significantly 

lower levels than reported [3, 4]. As 

probiotics are live organisms, it is critical to 

enumerate accurately the population of 

viable microbes in the preparation and 

express this information to the consumer on 

the product label. Several significant 

challenges exist. First, culture-based 

enumeration of specific organisms requires 

specialized and standardized methodologies, 

which will only detect bacteria that are able 

to replicate on synthetic media and under 

specific conditions. Use of culture-

independent techniques, with a more holistic 

definition of viable probiotic bacteria, have 

the potential to provide direct, rapid 

enumeration methods for both researchers 

and industry-based scientists faced with the 

challenge of providing the dose available for 

the final product. Standardized methods are 

available for a limited number of species in 

certain dairy products, such as publications 

from the International Organization of 

Standardization (ISO) regarding 

enumeration standards for Lactobacillus 

acidophilus (ISO 20128/IDF 192:2006) and 

Bifidobacterium (ISO 29981/IDF 220:2010).  

Secondly, a consensus on the operational 

definition of live, viable cells needs to be 

established. Most probiotic strains are well 

adapted to living in or on the mammalian 

host, but may be poorly adapted to other 

environments [5].  

http://www.jgpt.co.in/
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When subjected to environmental stress 

during formulation and storage, constituent 

microbes may transition to a viable but non 

culturable state (VBNC), a protective 

response in which they are dormant yet 

metabolically active [6, 7]. Microbes in this 

state can reestablish broad functioning and 

replicate when they encounter a more 

hospitable environment [7].  

Because standard culture-dependent method 

enumerate replicating cells only, culture 

techniques may underestimate the numbers 

of viable organisms that contribute to the 

functional capacity of the probiotic 

preparation once constituent microbes reach 

the anatomical niche in the host to which 

they are well-adapted. 

Evaluation of Culture-dependent 

Techniques for Enumerating Probiotic 

Organisms  

Availability and Reliability of Selective 

Media for Strains of Probiotic Interest 

Probiotics were initially characterized by 

their phenotypic characteristics (such as 

colony morphology) microscopic details (such 

as Gram stain reaction and cell morphology), 

and physiologic characteristics (such as 

fermentation patterns and enzymatic 

activity) [8].The range of selective media 

available to identify and enumerate strains of 

probiotic interest is relatively limited and it 

should be noted that no one single medium 

and/or set of techniques for isolation of the 

strain is applicable to all probiotic strains  [9] 

as shown in Table 1.  

Selective media for specific species of 

Lactobacillus are available; by contrast, 

members of the genus, Bifidobacterium, can 

be identified, but no standard selective media 

are available to differentiate among 

Bifidobacterium species [10, 11]. To overcome 

this, selective differential media have been 

developed, but the subjectivity of 

identification requires skilled personnel for 

reliable results. No single culture-based 

methodology is applicable to all probiotic 

organisms, as there is considerable 

variability between species and even strains 

in their response to plating procedures. 

Quantification of Culturable Probiotic 

Microbes by Heterotrophic Plate Counts 

Quantification of bacteria in a given sample  

is routinely achieved by counting the total 

number of colony-forming units (CFUs) 

grown on an agar plate from serial dilutions, 

expressed as CFU per gram or mL of the 

original sample. This yields an estimate of 

the number of cells present based on a skilled 

interpretation of the number of colonies on a 

plate. It is a skewed estimate, as only cells 

that can form colonies under the given 

experimental conditions (e.g. incubation 

media, temperature, time, and oxygen 

conditions) are counted.  

Colonies may arise from individual cells or 

from cell clusters that happened to be 

sufficiently separated after plating to be 

distinguished following growth. Thus, 

depending on original concentration 

estimates prior to dilution, a colony could 

arise from one cell or several thousand. 

Hence, they are referred to colonies, not cells. 

Reliable quantitation requires an acceptable 

range of countable colonies on a plate.  

These are based on historical ranges and 

have been refined by various authoritative 

bodies. Commonly used ranges for countable 

numbers of colonies on a plate are 25-250 and 

30-300 (Table 2). The matter of selecting 

plates to be used in computing a count 

becomes a matter of considerable judgment” 

[12].The upper limit of the enumeration is 

reached when bacteria compete for space and 

nutrients.  

This depends on bacterial swarming behavior 

as well as the plating surface area, a critical 

factor when using small membranes instead 

of standard plates. TNTC (too numerous to 

count) can be reported in several ways. 

ASTM (1998) recommends reporting this as 

greater than the upper limit (e.g. a 1:10 

dilution with more than 200 CFU on a spread 

plate would be reported as N2000 CFU/mL).  

FDA's BAM recommends counting the 

colonies from the dilution giving plate counts 

closest to 250 and estimating the total 

number and then using that number as the 

estimated aerobic count. The lower limit of 

enumeration can be based on the limit of 

quantification (LOQ) (25 CFU, from a 

countable range of 25–250) or the limit of 

detection (LOD) (i.e. 1 CFU). ASTM 

recommendations rely on the LOD and to 

report that answer if no colonies are 

recovered. 
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Table 1: Selected examples of culture-based methods for identification/enumeration of 

probiotic strains 

Methods and media for selective enumeration of probiotic strains based on viable replicating technique 

Medium Base Selectivity/supplement Notes 

Bifidobacterium spp. 

Bifidobacterium 

selective medium (BSM) 

MRS (deMan, 

Rogosa, Sharpe) 

Cysteine HCl and 

Mupurocin 

Incubated for 72 h @ 37 

°C; Potential concerns 

regarding development 

of Mupurocin-resistant  

Staphylococcus 

aureus 

NPNL (Neomycin 

sulfate, 

paromycin, nalidixic 

acid, and 

Lithium chloride) 

MRS or BL (blood–

liver– 

glucose) 

Neomycin sulfate, 

paromycin sulfate, 

nalidixic acid and lithium 

chloride 

When L-cysteine not 

present, 

Bifidobacteria do not 

grow or form pinpoint 

colonies; Time 

consuming to prepare 

Raffinose 

Bifidobacterium 

medium 

LCL(liver–cystein 

lactose) 

Proprionate, lithium 

chloride, and raffinose 

Antibiotic free-medium 

Some B. bifidum strains 

do not grow 

well on this agar 

MRS-raffinose MRS Raffinose, lithium 

chloride (0.05%) 

Incubation @ 45 °C 

specific for 

enumeration of B. lactis 

BB12 

LiCl inhibits lactobacilli 

Lactobacillus acidophilus group (L. acidophilus, L. johnsonii, L. gasseri, L. crispatus) 

MRS-clindamycin MRS Clindamycin Anaerobic incubation @ 

37 °C for 72 h 

Use of antibiotic for 

suppression 

X-Glu Rogosa agar 5-Bromo-4-3-indoyl-β-

Dglucopyrananoside 

Visualization of the β-D 

glucosidase activity. 

More selective than 

MRS and 

Rogosa for yogurt and 

related products 

Lactobacillus casei 

group 

(L. casei, L. paracasei, 

L. rhamnosus) 

MRS-salicin 

 

 

MRS 

 

 

Salicin 

 

 

Conflicting reports; 

Cannot be used in 

products containing 

L. acidophilus 

 

Different regulatory bodies have suggested 

and/or identified acceptable ranges of 

colonies to count from spread plates over the 

years since the original 1916 [12] as shown in 

Table 2.In summary, culture-based 

techniques provide estimates of those 

microbes that are capable of replicating 

under experimental conditions. Selective 

media exist only for a limited subset of 

potential strains of interest. Reliable plate 

count enumeration is based on a relatively 

narrow countable range (generally considered 

to be 25-250 CFU bacteria on a standard 

Petri dish) and the lack of consensus on the 

use of a LOD (1 CFU) or LOQ for the lower 

limit of quantitation introduces a larger 

degree of variability than is necessary. It is 

also worth noting that although counts of 

CFU follow a Poisson distribution, mention is 

rarely made of the transformation used to 

approximate a normal distribution prior to 

the use of normal statistical analytical tools. 

Consequently, despite its common usage, the 

plate count method does not support precise, 

reproducible estimations of cell densities of 

probiotic strains, especially in mixed cultures 

[13]. Moreover, it estimates only the subset of 

viable organisms that replicated under the 

conditions of culture. It should also be noted 

that beyond the art and skill of the 
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technician to culture the sample under the 

correct environmental conditions, that rapid 

turnaround is not possible as a minimum of 

24-72 h of growth in an incubator is 

necessary before enumeration of colonies on 

agar plates is possible. The International 

Scientific Association for Probiotics and 

Prebiotics recognized that culture based 

analysis of strains can underestimate the 

number of viable cells and fails to account for 

the impact of bacterial growth modes  [14].    

 

 Table 2: Acceptable plate counts recommended by authoritative organizations and others. 

CFU range acceptable CFU range unsatisfactory Notes 

50–200 CFU/mL of the average <400> 30 The number of colonies needed 

to be within 20% 

25–250 CFU/mL - - 

25–250 CFU/mL - - 

25–250 CFU/mL - - 

20–80 CFU/membrane, 20–200 

CFU/spread plate, 30–300 CFU 

pour plate 

- - 

 

Alternative Culture-independent 

Methods for Enumeration of Viable 

Microbes 

In the recent years, alternative, culture-

independent methods have been used to 

accurately enumerate probiotic strains based 

on viability and deliver results in a timely 

manner (Table 3). Enumeration techniques 

that lend themselves to quantifying viable 

cells either use dyes to differentiate live and 

dead cells by direct observation, measure the 

presence of an intact cell membrane 

(membrane integrity), or characterize some 

aspect of metabolic activity, such as the 

synthesis of nucleic acids, or respiration; 

these parameters indicate that the cells are 

alive even if they are unable to develop into 

colonies on culture media.  

 

Table 3: Published studies related to enumeration of probiotic strains by culture-independent 

techniques 

Culture-independent methods for enumeration of probiotic bacteria 

      Method                     Structural target 

probed 

Imaging                           Fluorescent in situ hybridization (FISH)                                 Presence of nucleic 

acid  

                                        Live–dead staining and microscopic counting                         Cellular integrity 

 

Molecular Biology           EMA or PMA-qPCR (vPCR)                                                 Cellular 

integrity/Nucleic Acid                                                                                                                                                                                                                                                                              

                                          Real-Time qPCR                                                                    Presence of nucleic 

acid  

                                          

 

 Cell Sorting                    Quantification of 16S rRNA                                                    Presence of nucleic 

acid  

                                         MALDI-TOF mass spectrometry                                            Presence of nucleic 

acid  

                                         Flow cytometry/FACS                                                            Cell integrity or 

metabolic activity 
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Direct Imaging and Visual Enumeration-

Fluorescent in Situ Hybridization 

Bacteria in a sample can be directly 

visualized microscopically, but enumeration 

of viable microbes requires differentiating 

live and dead bacteria. Direct epifluorescent 

counting has been described as a suitable 

method for enumeration of total bacteria in 

environmental samples [15, 16].The optical 

sectioning capability of Confocal Scanning 

Laser Microscopy (CSLM) increases 

sensitivity and reduced out-of focus blur, 

enabling observation of subsurface structures 

of foods in situ [17].Digital acquisition of 

images by CSLM enables rapid enumeration 

of bacteria by digital image analysis [18]. 

This technique may be of value for the rapid 

estimation of viable bacteria in some dairy 

products, which could take over three days 

[19]. FISH consistently estimates higher 

yields than plate counts for dairy products 

but lower for cheese products and spray-dried 

cultures, highlighting the need for further 

work to establish the effect of the matrix. The 

use of this technique as well as the 

combination of species specific qPCR has 

allowed unequivocal methods for 

enumeration of probiotic strains into a 

variety of cheese products [19, 20].   

Nucleic Acid-based Enumeration 

Methods 

Polymerase Chain Reaction (PCR) 

Detection of nucleic acid sequences (DNA, 

mRNA and r RNA) is a molecular technique 

that can be applied to bacterial enumeration. 

Most molecular analyses target amplification 

of nucleic acid to maximize analytical 

sensitivity. DNA amplification by PCR was 

investigated for enumeration of live bacteria 

based on the assumption that DNA would be 

degraded more rapidly after cell death than 

other cellular components and that intact 

DNA sequences would indicate cell viability  

[21]. 

Although most DNA detection is undertaken 

by PCR [22], hybridization-based detection 

methods also have been employed [23]. 

However the presence of DNA does not 

necessarily indicate viability, although the 

detection of longer intact DNA sequences 

correlates more closely with viability than 

shorter sequences.  

Reverse Transcriptase PCR (RT-PCR) 

RT-PCR is one of the many variants of PCR 

and allows multiple copies of a particular 

sequence through amplification. It should be 

noted that ribonucleic acid (RNA) is first 

transcribed in reverse into its DNA 

complement that utilizes the reverse 

transcriptase. Attention has turned to the 

use of mRNA as a marker of viability. This 

marker is a highly labile molecule with a 

very short half-life (seconds) in bacteria. 

Hence, detection of bacterial mRNA 

transcription should provide a more reliable 

indication of viability than DNA-based 

methods.  

The most common amplification techniques 

for detecting mRNA are reverse transcriptase 

PCR (RT-PCR) and nucleic acid sequence 

based amplifications (NASBA) [24].Both have 

been applied to the determination of bacterial 

viability with variable success. More recently, 

reverse transcriptase-strand displacement 

amplification (RT-SDA) has been used as an 

indicator of bacterial viability [25].   

Ribosomal RNA (rRNA) has also been 

investigated as an indicator of viability and 

can be positively correlated with viability 

under some bacterial regimes [22].  

Real Time-quantitative Polymerase Chain 

Reaction (RT-qPCT or qPCR) 

RT-qPCR is a DNA amplification technique 

that uses fluorescent reporter dyes to 

combine the amplification and detection steps 

of the PCR reaction in a single tube format 

whereas traditional PCR measures the 

accumulation of the PCR product at the end 

of all the PCR cycles, RT-qPCR quantifies 

PCR amplification as it occurs. RT-qPCR 

detection measures the increase in 

fluorescent signal, which is proportional to 

the amount of DNA produced during each 

PCR cycle.  

A quantification cycle (Cq) value is 

determined by plotting fluorescence against 

the cycle number. Cq corresponds to the 

number of cycles for which the fluorescence is 

higher than the background fluorescence. RT-

qPCR is a quantitative technique because 

data are collected during the exponential 

growth (log) phase of PCR when the quantity 

of the PCR product is directly proportional to 

the amount of template nucleic acid. Using 

this technique allows microbial populations 

to be quantified by measuring the abundance 

of a target sequence in DNA samples 

extracted from food products [26].  
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Combined with reverse transcription (RT), 

this technique can also be used to estimate 

the amount of mRNA transcripts. An 

investigator could choose a particular 

transcript related to metabolic activity (such 

as production of lactic acid during 

fermentation) for a more direct indication of 

the activity of living cells. 

Ethidium Monoazide-PCR and Propidium 

Monoazide-PCR 

Ethidium monoazide-PCR (EMA-PCR) and 

propidium monoazide- PCR (PMA-PCR) are 

emerging techniques that limit enumeration 

to live cells [27] and can also be referred to as 

viability- PCR (vPCR) [28].Cells with intact 

membranes are assumed to be viable. 

Ethidium monoazide (EMA) is an azide-

bearing, DNA-intercalating dye thought to 

enter only membrane-compromised cells. 

EMA covalently crosslinks DNA when the 

azide group converts to a highly reactive 

nitrene radical upon exposure to bright 

visible light.  

Water simultaneously inactivates unbound 

EMA and the reaction product remains free 

in solution. EMA treatment is followed by 

genomic DNA extraction and qPCR analysis. 

Cross linking strongly inhibits PCR 

amplification of the modified DNA, such that 

only unmodified DNA (from presumptively 

intact cells) can be amplified.  

EMA treatment in conjunction with qPCR led 

to signal reduction of up to four log10 units in 

the case of membrane-compromised cells 

[29].It was later shown that, in some 

bacterial species, EMA does penetrate cells 

with intact membranes [30].However, 

propidium monoazide (PMA), an analog of 

EMA that functions through similar 

chemistry, is efficiently excluded from cells 

with intact cell membranes, probably due to 

an increased positive charge. PMA-qPCR is 

applicable to a wide range of Gram-negative 

and Gram-positive bacteria.  

This approach has been used successfully to 

assess the killing efficacy of disinfectants [30, 

31] and to detect viable Escherichia coli and 

Pseudomonas aeruginosa for water quality 

assessments [32].PMA treatment also limits 

detection to intact microbial cells when used 

with end-point PCR in combination with 

denaturing gel electrophoresis [33]. 

Challenges have been encountered when 

applying PMA-PCR to samples that have 

insufficient light transparency [34].This 

limitation might be overcome by using a 

trigger other than light to induce DNA cross-

linking or by manipulating pH or 

temperature to alter turbidity.  

Flow Cytometry (FC)/Fluorescent Activated 

Cell Sorting (FACS) 

Cell sorting methods, such as Coulter 

counters and flow cytometry (FC) were 

originally developed for counting red blood 

cells. Today, FC has been upgraded to 

analyze much smaller cells, such as bacteria, 

and to deliver high-throughput data. The 

technique allows simultaneous multi 

parametric analysis of physical and/or 

chemical characteristics of up to thousands of 

particles per second. The cell surface or its 

components must first be labeled with one or 

more fluorescent dyes.  

A mono disperse suspension (single, 

unclumped cells) is made so that single, 

labeled cells are aligned to pass individually 

through a laser beam. Laser-excitation of the 

fluorescent molecules causes them to emit 

light at various wavelengths and the amount 

and type fluorescence indicates the 

percentage of various cell types or cell 

components present in the sample. FC allows 

the examination of a large number of cells at 

a time (200 to 2000 cells per second), 

recording, for each cell, several different 

parameters that can later be linked to a wide 

variety of cellular characteristics [35]. 

A variety of fluorescent probes can be applied 

to examine physiological characteristics of 

living cells, such cell membrane integrity, 

intracellular enzyme activity, cytoplasmic 

pH, and membrane potential, all of which 

provide a measure of viability [36].  

Fluorescent Activated Cell Sorting (FACS) is 

a specialized form of flow cytometry that 

sorts a heterogeneous mixture of biological 

cells into two or more containers based on the 

fluorescent characteristics as well as light 

scattering. These powerful and rapid cell-

sorting techniques could reduce the time 

needed to determine probiotic strain 

abundance, size, and metabolic activity.  

Fluorescent DNA stains, nucleic acid probes, 

and immuno fluorescence probes directed at 

cell proteins, extend the capabilities of the 

technique, enabling cells to be discriminated 

based on amount and type of nucleic acids, 
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amount of respiratory enzymes, or membrane 

integrity. The potential exists to measure cell 

size, cell granularity, and indicators of 

viability such as levels of newly synthesized 

DNA, specific gene expression from 

transcription of messenger RNA, and even 

transient signaling events in living cells. 

Such techniques offer significant promise for 

more robust enumeration of viable probiotic 

strains (whether replicating or VBNC). 

Mechanism of Probiotic Action 

Immune Modulation 

The intestinal lymphoid tissue is the largest 

in size compared with other areas of the 

body. It is well known that bacteria are 

critical for the development and functioning 

of the immune system at this level, being 

actually the defense mechanism against 

infection by pathogens [37, 38].Intestinal 

lymphoid tissue makes contact with the food 

components, the antigens and with the 

beneficial or pathogenic bacteria. Antigens,  

substances that can trigger an immune 

response, enter the body through the 

intestinal mucosa that is essential in 

controlling immunity to invasion of 

pathogenic bacteria. The adaptability to 

various antigens is extremely important if we 

consider that the composition of intestinal 

mass change very frequently. Most of the 

antigen is released from first contact with the 

intestinal mucosa [39].  

After crossing the epithelial barrier by 

transcytosis, they are restructured by a 

lysosomal degradation processes. A further 

screening is in the presence of M cells (cells 

of follicular epithelium associated with 

lymphoid tissue) followed by the T cells 

(lymphocyte cells belonging to the group of 

white blood cells) which are then 

differentiated as cells that mediate an 

immune response and promotes cell 

differentiation and secreting IgA 

(immunoglobulin A) [40].IgA is an antibody 

that plays a crucial role in mucosal 

immunity. 

 

 

Figure 1: The effect of probiotic bacteria on the immune system [41]. 
 

In Figure 1 through TLR receptors (Toll Like 

Receptors), dendritic cells (DC) and T cells, 

probiotics, leads to reduced secretion of TH1 

(lymphocyte involved in an enhanced 

immune response), IL12 (interleukin which is 

naturally produced by dendritic cells), TNFα 

(inflammatory cytokine) and IFN-γ (cytokine 

that is critical for innate and adaptive 

immunity) which are responsible for the 

onset of inflammatory processes in the 

intestines.  

The mechanisms by which epithelial cells are 

making the difference between probiotic and 

pathogenic microorganisms appear to be 

different. Pathogenic bacteria induce a pro-

inflammatory response in epithelial cells by 

activating transcription factor NF-kB [42].  

Quality and dose of probiotic preparations 

influence the IL-8 secretion via the 

enterocites. IL- 8 is associated with the 

development of intestinal inflammation. IL-6 

stimulation was achieved by administering L. 

casei CRL431 and L.helveticus R389 [43].     

Inhibition of Pathogenic Bacteria 

The gastrointestinal environment contains a 

wide range of contents ranging from 

harmless beneficial dietary and microbial 

flora to harmful pathogenic bacteria. The 

mammalian organism fights against these 

pathogenic bacteria through various ways: 

blocking pathogenic bacteria effects by 

producing bactericidal substances and 

competing with pathogens and toxins for  
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adherence to the intestinal epithelium; 

regulation of the immune responses by 

enhancing the innate immunity and 

modulating pathogen-induced inflammation 

via toll-like receptor-regulated signalling 

pathways; regulate intestinal epithelial 

homeostasis by promoting intestinal 

epithelial cell survival, enhancing barrier 

function, and stimulating protective 

responses (Figure 2).  

The strategy is based on the ability of 

probiotic bacteria (B) to bind pathogens (C) in 

intestinal epithelial tissue (A). Anti-

pathogenic action of probiotics consists in 

production of lactic acid (D) which decreases 

the pH, interacts with the toxins produced by 

pathogens (E), with the production of 

hydrogen peroxide (F) and synthesis 

bacteriocine (G). 

 

 

Figure 2: Schematic representation of the mode of action of probiotics in the intestine 
 

Production of antimicrobial substances 

(bacteriocins), in situ in the intestine can be 

improved by increasing the ability of 

probiotic bacteria to adhere to the intestinal 

mucosa. Bovine colostrum contains 

substances that can triple the capacity of 

Lactobacillus casei species to adhere to 

intestinal cell line CaCO-2. However, in situ 

production of microbial substances adversely 

affect intestinal microflora beneficial to the 

host organism [39].  

Ruminal bacteria can also produce such 

bacteriocins which by their presence are able 

to modify the ruminal ecosystem. Some 

studies even recommend using ruminal 

bacteriocins as an alternative to antibiotics in 

cattle [45].In vitro studies have shown that 

strains of lactic acid bacteria are effective in 

removing or stopping the activity of 

pathogenic bacteria. Administration of 

probiotics (L. rhamnosus HN001) in animals, 

under experimental conditions, resulted in an 

improved immune response following 

Salmonella enterica infestation [45].  

It is also interesting that the animals who 

were artificially infected with Salmonella 

and which received probiotics have 

synthesized high levels of serum antibodies 

leading to increased survival to infection but 

also to a decrease in the presence of these 

pathogens in liver and spleen. The same 

effects have been identified when L. 

salivarius CTC2197 is administered to 

Leghorn birds [46]. Bacteriocins produced by 

Enterococcus faecium SH528, SH632, 

Pediococcus pentosaceus, Enterococcus 

faecium SH740 were proven to be effective in 

combating Listeria monocytogenes [47]. 

Efficacy of probiotics was also proven in 

urogenital infections and was tested by 

studies performed on healthy patients or 

female patients who were diagnosed with 

uro-vaginal infections. Results from these 

studies suggest beneficial effects of the use of 

probiotics in preventing urinary tract 

infections [48].     

Claimed Health Benefits of Individual 

Probiotic Microorganisms 

Many publications using well-designed and 

well-conducted trials substantiate the health 

benefits of specific strains of probiotics on the 

risk reduction and management of a variety 

of diseases and conditions. Some of the 

documented health claims of probiotics 

proposed by their authors include: 

stimulation of various components of the 
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immune system, gut immune response and 

intestinal homeostasis [49]; prevention and 

treatment of diarrhea [50, 51, 52, 53]; 

improvement of faecal properties and 

microbiota, treatment of irritable bowel 

syndrome, inflammatory bowel disease and 

constipation [54-58]; prevention and 

treatment of Clostridium difficile-associated 

diarrhea in adults and children [59, 60]; 

alleviation of symptoms of lactose intolerance 

and other food allergies [58]; prevention of 

necrotising enterocolitis in preterm infants 

[61, 62, 63]; decrease in plasma cholesterol 

level [49, 64, 65]; improvement of 

Helicobacter pylori eradication regimens [66, 

67, 68]; therapeutic effects by supporting the 

immune response of HIV-infected children 

and adults [49], anti-proliferative activity on 

tumour cells  [69,70]; reduction of viral-

associated pulmonary damage through 

controlling immune-coagulative responses 

and clearing respiratory viruses [71]; 

immune-stimulatory properties of low 

molecular mass molecules produced by 

probiotic bacteria [72].  

Although probiotics have even been proposed 

as treatment for eczema [73], randomized 

controlled trials to date do not have sufficient 

evidence to recommend probiotics as primary 

prevention [74, 75]. The most common 

probiotic microorganisms with claimed 

health benefits for humans from the most 

recent scientific literature are noted in Table 

4.  
 

Table 4: Recently published claimed health benefits of probiotic microorganisms 

Genu

s 

Species Recently published health claims 

L
a

ct
o
b
a

ci
ll

u
s 

L. 

rhamnosus 

Reduction of viral-associated pulmonary damage (L. rhamnosus CRL1505) ; 

prevention and reduction of severity of atopic dermatitis in children (L. rhamnosus 

GG) ; reduction of risk for developing allergic disease (L. rhamnosus GG) , (L. 

rhamnosus HN001 ; anti-diabetic potential (various strains from human infant 

faecal samples); prevention of necrotizing enterocolitis in newborns (L. rhamnosus 

GG) ; prevention or treatment of bacterial vaginosis (L. rhamnosus GR-1) ; aid in 

weight loss of obese women (L. rhamnosus CGMCC1.3724) ; treatment of acute 

gastroenteritis in children (L. rhamnosus GG) ; reduction of risk for rhinovirus 

infections in preterm infants (L. rhamnosus GG and L. rhamnosus ATCC 53103); 

protection of human colonic muscle from lipopolysaccharide-induced damage (L. 

rhamnosus GG) 

L. 

acidophilu

s 

Treatment of travellers’ diarrhoea; reduction of hospital stay of children with acute 

diarrhoea; 

antifungal activity (L. acidophilus ATCC-4495); prevention or treatment of 

bacterial vaginosis; treatment of C. difficile-associated diarrhoea; reduction of 

incidence of febrile urinary tract infections in children; reduction of irritable bowel 

syndrome symptoms. 

L. 

plantarum 

Prevention of endotoxin production; antifungal activity (L. plantarum NRRL B-

4496) reduction of irritable bowel syndrome symptoms. 

L. casei Treatment of functional constipation in adults (L. casei Lcr35 and L. casei 

Shirota); treatment of C. difficile-associated diarrhoea; restoration of vaginal flora 

of patient with bacterial vaginosis (L. casei Lcr35); reduction of irritable bowel 

syndrome symptoms; reduction of diarrhea duration of antibiotic-associated 

diarrhoea in geriatric patients (L. casei Shirota); immunomodulatory mechanisms 

(L. casei Shirota); improvement of rheumatoid arthritis status (L. casei ); 

protection against Salmonella infection (L. casei CRL-431); prevention of 

Salmonella-induced synovitis; treatment of intravaginal staphylococcosis (L. casei 

IMV 

B-7280). 

L. 

delbrueckii 

subsp. 

Antibiotic resistance of yogurt starter culture; enhancement of systemic immunity 

in elderly 

(L. delbrueckii subsp. bulgaricus 8481); antibacterial action against E. coli; 
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bulgaricus modulation of brain 

activity. 

L. brevis Protective role in bile salt tolerance (L. brevis KB290); reduction in plague 

acidogenicity 

(L. brevis CD2). 

L. 

johnsonii 

Impact on adaptive immunity for protection against respiratory insults; reduction 

of occurrence of gastritis and risk of H. pylori infection (L. johnsonii MH-68) ; 

inhibition of S. sonnei activity 

(L. johnsonii F0421); treatment of perennial allergic rhinitis in children together 

with levocetirizine (L. johnsonii EM1). 

L. 

fermentum 

Prevention or treatment of bacterial vaginosis (L. fermentum RC-14) ; blockage of 

adherence of 

pathogenic microorganisms on vaginal epithelium ; antistaphylococcal action (L. 

fermentum ATCC 11739) ; potential for reduction of insulin resistance and 

hypercholesterolemia 

(L. fermentum NCIMB 5221). 

L. reuteri Reduction of low-density lipoprotein cholesterol (L. reuteri NCIMB 30242) ; 

treatment of acute 

gastroenteritis in children; reduction of diarrhoea duration in children (L. reuteri 

ATCC 55730) management of infant colic (L. reuteri ATCC 55730 and L. reuteri 

DSM 17938); reduction of onset of gastrointestinal disorders in infants (L. reuteri 

DSM 17938); reduction of frequency of proven sepsis, feeding intolerance and 

duration of hospital stay in preterm infants (L. reuteri DSM 17938). 

Genus Species Recently published health claims 

B
if

id
o
b
a

ct
er

iu
m

 

B. infantis Reduction of irritable bowel syndrome symptoms ; reduction of 

necrotizing enterocolitis in preterm infants. 

B. animalis 

subsp. lactis 

Treatment of functional constipation in adults (B. animalis subsp. 

lactis DN-173 010), reduction of incidence of febrile urinary tract 

infections in children; modulation of brain activity; reduction of 

necrotizing enterocolitis in preterm infants; reduction of total 

microbial counts in dental plaque (B. animalis subsp. lactis DN-173 

010); reduction of total cholesterol (B. animalis subsp. lactis MB 

202/DSMZ 23733); reduction of risk of upper respiratory illness (B. 

animalis subsp. lactis BI-04) . 

B. bifidum Reduction of hospital stay of children with acute diarrhoea ; 

reduction of necrotizing enterocolitis in preterm infants; reduction 

of total cholesterol (B. bifidum MB 109/DSMZ 23731). 

B. longum Prevention and treatment of necrotizing enterocolitis in newborns; 

reduction of radiation induced diarrhoe; reduction of necrotizing 

enterocolitis with Bifidobacteria cocktail (B. breve, B. infantis, B. 

bifidum, B. longum); reduction of irritable bowel syndrome 

symptoms; treatment of gastrointestinal diseases (B. longum 

CMCC P0001); perinatal intervention against onset of allergic 

sensitization (B. longum CCM 7952). 

Saccharomyces 

 

S. boulardi Treatment of travellers’ diarrhoea; treatment and reduction of 

diarrhoea duration regardless of cause; treatment of irritable bowel 

syndrome ; treatment of moderate ulcerative colitis; treatment and 

reduction of recurrent pseudomembrane colitis infection caused by 

C. difficile; treatment of acute gastroenteritis in children. 
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Lactococcus L. lactis subsp. 

lactis 

Treatment of antibiotic-associated diarrhoea; adhesion to vaginal 

epithelial cells 

(L. lactis subsp. lactis KLDS4.0325); nisin production (L. lactis 

subsp. lactis CV56); modulation of brain activity; antimicrobial 

activity against C. difficile; antimicrobial and probiotic properties 

(L. lactis subsp. lactis ATCC 11454) 

Enterococcus 

 

E. durans Antibiotic and antioxidant activity (E. durans LAB18s), adherence 

to colonic tissue and anti-inflammatory activity. 

E. faecium Treatment of antibiotic-associated diarrhoea ; efficient animal 

probiotic . 

Streptococcus 

 

S. thermophilus Reduction of irritable bowel syndrome symptoms; antibiotic 

resistance of yogurt starter culture; reduction of necrotizing 

enterocolitis in preterm infants. 

Pediococcus 

 

P. acidilactici Pediocin production with antimicrobial and probiotic properties (P. 

acidilactici UL5); bacteriocin production ; elimination of H. pylori 

infections (P. acidilactici BA28) 

Leuconostoc 

 

 

L.mesenteroides Leucoin production, probiotic profile (survival at low pH, in 

presence of bile salts, in presence of pepsin) (L. mesenteroides B7) 

 

Bacillus B. coagulans Treatment of antibiotic-associated diarrhoea , treatment of 

bacterial vaginosis (B. coagulans ATCC PTA-11748); immunological 

support (B. coagulans GandenBC30); prevention of caries in 

children. 

B. subtilis Efficient animal probiotic; treatment of diarrhoea and aiding in H. 

pylori eradication (B. subtilis R0179); production of nitric oxide. 

B. cereus Efficient animal probiotic (B. cereus NVH75/95). 

Escherichia E. coli Nissle 

1917 

Treatment of functional constipation in adults ; treatment of 

inflammatory bowel disease; treatment of gastrointestinal 

disorders; pro-inflammatory potential; prevention of surface ocular 

diseases; reduction of Salmonella enterica Typhimurium intestinal 

colonization by iron competition . 

 

Conclusion 

Both traditional cell culture methods, as well 

as the alternative techniques (direct imaging 

and visual enumeration, nucleic acid-based 

enumeration methods, and flow cytometry 

and cell sorting), offer advantages and 

limitations for enumerating probiotic 

microorganisms. The new methods and 

techniques show considerable promise for 

quantifying live microorganisms in different 

metabolic states.  

But the probiotic efficacy cannot be predicted 

solely on the basis of viable cells. Very few 

microorganisms have been subjected to 

thorough in vitro studies confirming their 

specific health promoting activity, and even 

fewer have been subsequently subjected to 

and passed the appropriate human trials. 

Additionally, probiotics can be dangerous, as 

they have been linked to an increase in 

mortality rate if administered to severely 

immunocompromised patients. Subsequent 

studies are needed to evaluate the health-

promoting activity of probiotic bacteria. 
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