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Abstract— This review describes various aspects in which probiotics influence functions of the human body and particularly aid in 
health and overall wellness. Probiotics are described as beneficial microorganisms that when consumed, have a positive effect on the 
health of an individual. Although the exact mechanisms underlying the numerous benefits of these microorganisms remains largely a 
mystery, the physiological effects observed are undeniable. Many of these have been proven in well-controlled clinical trials. The 
extent of positive influence that these beneficial microorganisms have involves a huge spectrum from fighting intestinal pathogens to 
alleviating the symptoms of allergy and even preventing the growth of cancer cells.  Thus because of their usefulness, an ever 
increasing database of probiotic strains are being generated every year and a list of those that are commercially available along with 
their manufacturers have been documented in this article. 

 
Keywords— Gut microbiota, Probiotics, Lactic acid bacteria, Health, Wellnesss 

 
 

I. INTRODUCTION 

Russian scientist Eli Metchnikoff pioneered the interest in beneficial microorganisms by suggesting early in the twentieth 
century that "The dependence of the intestinal microbes on the food makes it possible to adopt measures to modify the flora in 
our bodies and to replace the harmful microbes by useful microbes"1. During this time a French paediatrician, Henry Tissier, 
commented on the use of the gut microbe bifidobacteria in treatment of diarrhoea in children2.  The term probiotic meaning “for 
life” was coined by Lilly and Stillwell in the 1960s to refer to substances produced by microorganisms that help in the growth 
of other microorganisms.  However, nowadays, the term is used to refer to live microorganisms, that when consumed in 
adequate amounts, confer a health effect on the host3. 

A. The immune system and health 

In humans, the immune system is vital in that it protects the host from pathogenic invasion.  Of the various components 
which make up the immune system, the gastrointestinal tract is now considered a major part. The gastrointestinal immune 
system which is commonly referred to as gut-associated lymphoid tissue (GALT) plays a prominent role in protecting the body 
from foreign invasion.  The GALT is a part of the mucosa-associated lymphoid tissue (MALT) which is a diffuse system of 
small concentrations of lymphoid tissue found in various sub-mucosa membrane sites of the body, such as the gastrointestinal 
tract, thyroid, breast, lung, salivary glands, eye and skin. The intestinal epithelium serves as a first line of defence against 
bacterial invasion by acting as a physical barrier and prevents entry of bacteria into the systemic circulation.  This epithelium is 
surrounded by a mucus layer which contains a variety of biomolecules mainly mucopolysaccharides and small peptides and 
proteins.  This layer coats the apical region of the intestinal cell surface and acts as a physical barrier to the entry of bacteria. 
The small peptides and proteins present serve as antimicrobial agents and inhibit bacteria in different ways. Changes in the gut 
mucosa as a result of deviations in diet or health status could alter the intestinal mucosa in one or more aspects, resulting in the 
epithelium being vulnerable to bacterial invasion. Thus, when faced with a threat of infection, the intestinal mucosa acts as a 
natural physical cellular barrier. This prevents potentially harmful microorganisms present within the intestinal lumen from 
colonizing the enterocytes.  And still, there are many species of pathogenic bacteria such as Salmonella species, Listeria 
monocytogenes, Yersinia species and Shigella species that can alter the permeability of the intestine and invade deep tissue. 
Diarrhoea is the common outcome of such an infection of the intestinal epithelium and may help in forcing the pathogen out of 
the system.  However, if this fails to put an end to the infection, the pathogen may move into deeper tissue and eventually cause 
systemic infections and related symptoms4. 

  

B. Normal microbiota and host interactions 

On the other hand, intestinal colonization by non-pathogenic bacteria has been found to be an important antigenic stimulus 
for the maturation of the GALT.  The microbiota of the intestine in particular has been shown to have major effects on the 
GALT4,5,6.  Microbial colonization begins soon after birth and the normal microbiota of an individual develops in a more or less 
orderly sequence finally resulting in the stable populations of microorganisms that are observed in the adult. The types and 
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numbers of the normal flora of a new-born are mainly determined by various factors such as the mode of delivery during birth, 
environment and the type of diet (breast-fed or formula-fed)7,8.  This microbiota has a stimulatory effect on the secretory IgA 
system and on B cell function in general. As the gut microbiota is established, the capacity of the GALT to produce IgA 
secreting cells increases.  Studies examining the absence of a normal microbiota have demonstrated increased antigen transport 
across the gut mucosa6. The normal microbiota of the human gut varies considerably among populations of the world and even 
among communities. In fact the gut flora is so varied that it is different even for members of a household. This diversity is 
mainly due to the distinct diet followed by individuals. On the whole, the microbiota of the gut serves as an effective barrier 
against opportunistic and pathogenic microorganisms. The normal microbiota protect the host against potentially pathogenic 
microbes by competing for nutrients, producing substances harmful to the invading microbes, and affecting conditions such as 
pH and available oxygen. Disruption of this balance between the normal microbiota and pathogenic microbes results in 
disease9,10.  

C. Probiotics and their role in health 

A sensible modification of types and numbers of the human gut microbiota through dietary management can therefore be of 
great benefit to health. Understanding this, the most frequently used dietary method of influencing the gut flora composition is 
through the consumption of probiotics11. Probiotics are a diverse group of live microbes defined by FAO/WHO as “live 
microorganisms which when administered in sufficient quantities can confer a health benefit”12.  Probiotics have the potential to 
re-establish the natural balance of the gut and return the host to normal health and nutrition10.  Following passage through the 
stomach and the small intestine, probiotics are expected to survive and become established, albeit transiently, in the large 
intestine. As a result, the colon’s fermentation capacity may be modified subsequent to probiotic intake, and oral intake of 
certain lactic acid bacteria will increase the number of lactobacilli or bifidobacteria in human feces13. Increasing evidence points 
to the fact that there is a strong link between the gut flora and intestinal disorders.  Thus, many forms of intestinal diseases and 
disorders are treated using probiotics14.  Among the various mechanisms of action, probiotics are understood to have a positive 
effect on the host by influencing the composition and/or metabolic activity of the flora of the GI tract. There are several reasons 
for the mechanisms by which probiotic microorganisms displace pathogens and improve the development and stability of the 
microbial balance in the large intestine. These include competition with pathogens for nutrients and adhesion sites, inactivation 
of pathogenic bacterial toxins or metabolites, production of substances inhibitory to the growth of pathogens and stimulation of 
nonspecific immunity10. Probiotic bacteria interact with gut epithelial cells and immune cells to start the immune signals.  The 
induction of cytokine production is also a result of stimulation of the host immune cells15.  These bacteria also interact with M 
cells in the Peyer’s patches, with gut epithelial cells and with associated immune cells.  Probiotic bacteria have been shown to 
modulate immunoglobulin production (secretory IgA), contributing to the barrier against pathogenic bacteria and viruses.  The 
increase in number of IgA producing cells was the most remarkable property induced by probiotic organisms and also by 
fermented milk yogurt6.  Epithelial and tissue integrity is also positively influenced as a result of a low-dose NO synthesis by 
the probiotic organisms. Besides this, these bacteria also stimulate mucus production, enhance gut epithelial cell proliferation 
and inhibit endogenous carcinogen production15. Other advantageous effects of these organisms include development of 
intestinal microvilli, production of short chain fatty acids (SCFA) upon which the colonic mucosa is dependent for energy, 
fermentation of non-digestible dietary fiber and anaerobic metabolism of peptides and proteins resulting in the recovery of 
metabolic energy for the host, production of the B vitamins and removal of carcinogens and toxins4,16,17.  

II. PROBIOTIC EFFECTS 

A. Inhibition of intestinal pathogens 

Several intestinal pathogens such as Helicobacter pylori, Salmonella, Escherichia coli, Campylobacter jejuni, Klebsiella 
pneumoniae and even Rotavirus have been reported to be inhibited by probiotic bacteria18.   The main mechanisms of action 
include host-bacteria interaction (to stimulate mucus secretion, production of defensive substances and reinforcement of the gut 
barrier function), modulation of host immune response and exclusion and inhibition of the pathogens by prevention of adhesion, 
secretion of antimicrobial substances, competition for nutrients and anti-toxin effects15.  The intestinal pathogen C. jejuni 
exhibits virulence by its ability to invade epithelial layers. Certain lactobacilli have been found to inhibit the invasion by C. 
jejuni19.  

B. Treatment of antibiotic-associated diarrhoea 

One of the frequent side effects of antibiotic therapy is the occurrence of diarrhoea.  This could be mainly due to the 
alteration of the microbiota following antimicrobial treatment.  Also Clostridium difficile, an inhabitant of the intestinal tract, 
can cause serious diarrhoea following antibiotic therapy. Probiotics may be used along with the antibiotics for C. difficile 
infections if the probiotic strain is capable of producing proteases that degrade the toxins or increase the immune response to the 
toxins15.   Several studies have concluded on the use of probiotics in restoring normal gut function and in decreasing the 
duration and severity of acute gastroenteritis19.  

C. Prevention and treatment of IBD 

Ulcerative colitis, Crohn’s disease and some other forms of bowel disease are commonly included as chronic inflammatory 
bowel disease. An imbalance in the intestinal microbiota with a relative increase in “hostile” bacteria and smaller numbers of 
“protective” bacteria is observed preceding inflammation. Restoring the microbiota by oral administration with protective 
bacteria is seen to be one of the ways of treatment in IBD20.  VSL#3 mixture (8 strains including lactobacilli, bifidobacteria and 
S thermophilus) has been reported to significantly help in the treatment of IBD18. (Mercenier et al., 2002) 
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D. Treatment of IBS 

Irritable bowel syndrome is a disorder of the digestive tract and is characterised by reduced gut motility, abdominal pain, 
bloating and flatulence. IBS is commonly observed following antibiotic treatment in some cases or after a gastrointestinal 
infection.  In some cases, an abnormal microbiota (e.g. decreased numbers of lactic acid bacteria and increase in populations of 
facultative organisms like Klebsiella species) resulting in colonic malfermentation could be the cause of IBS. Restoration of the 
lactic acid flora is pivotal in treating such ailments18. Many studies point to the administration of probiotics to regulate intestinal 
motility resulting in decrease in pain and flatulence19.  

E. Prevention and treatment of allergy 

Probiotics have been suggested in treatment of allergy by decreasing the risk for atopy. In certain trials carried out on infants 
at high risk for atopy, those neonates that received probiotics showed significantly lower prevalence of atopic dermatitis as 
compared to those who received a placebo. It is suggested that this may be due to the immunomodulatory properties of the 
microbiota 21. However, not all forms of allergy can be efficiently reduced using probiotics22. Another supposition is that the 
prevalence of allergic diseases among children belonging to developed nations is due to the lack of a satisfactory protective 
endogenous gut flora.  This could be mainly due to a lowered consumption of naturally fermented foods, along with a decreased 
contact with pathogens as a result of being in a good environment in terms of hygiene. These factors could be a predisposition 
for inflammatory and other diseases18. 

F. Improved immune response   

The innate and adaptive immune response can be regulated by probiotic organisms.  Probiotics can regulate activity of 
dendritic cells resulting in an increased production of regulatory T cells and interleukins23. The common effects on the immune 
system include increased phagocytic activity of the white blood cells, increase in IgA production, proliferation of intra-
epithelial lymphocytes, regulation of the Th1/Th2 balance, initiation of cytokine synthesis18. 

G. Alleviation of lactose intolerance 

A large number of people all over the world show intolerance to the sugar lactose which is mainly due to lack of or low 
levels of intestinal lactase (beta-galactosidase) activity. In such cases, the lactose consumed remains poorly digested or 
undigested resulting in symptoms of lactose intolerance (LI).  Lactase activity is shown to decrease in most people from the age 
of two years.  Absence of lactase (alactasia) or deficiency (hypolactasia) results in undigested lactose present in the lumen of the 
intestine.  Due to its osmotic nature, this lactose creates increased movement of water into the intestinal lumen resulting in 
increased volume and fluidity in the gut contents.  Thus, patients commonly complain of bloating, diarrhoea, flatulence, nausea 
and vomiting. This is referred to as lactose intolerance. In some cases, symptoms such as headaches, vertigo lethargy, memory 
impairment or cardiac arrhythmia have also been reported24.  Hence, such individuals are instructed to avoid the consumption of 
milk and dairy products25. Drug therapy mainly involves the use of lactase mainly from sources such as microorganisms.  
Recently, the administration of probiotics exhibiting good beta-galactosidase activity has proved useful in treatment of LI.  The 
lactic acid bacteria that are commonly used as probiotics are also part of the normal flora of the intestine. These bacteria are 
capable of salvaging the mal-absorbed lactose by fermenting the lactose to produce lactic acid and short-chain fatty acids. Thus, 
consumption of probiotics has shown to improve lactose digestion as microbial lactase breaks down unabsorbed lactose and 
alleviates the symptoms associated with intolerance26.  

H. Inhibition of colorectal cancer 

According to the World Cancer Research Fund International, colorectal cancer is the third most prevalent cancer in the 
world27. High prevalence rates are found in Western Europe, Northern America and Australia, middle rates in Eastern Europe, 
whereas it is less prevelant in regions such as sub-Sahara Africa. Currently, although it is not explicitly proven that probiotic 
bacteria suppress cancer cells, much evidence is available to suggest such a possibility. These propositions include modulation 
of the immune system by improving resistance to chemicals, inflammation and associated factors, an improved intestinal 
metabolic activity resulting in the binding and/or degradation of potential carcinogens, generation of antitumorigenic and 
antimutagenic compounds as a result of alterations in the metabolic activities of the gut flora, change in the physico-chemical 
conditions of the colon thus resulting in improved intestinal permeability as a consequence of delayed or denied absorption of 
toxins, improved renewal of the cells of the colon and an improved gut ecosystem both in terms of the numbers and types of 
desirable microorganisms, thus resulting in reduced population of pathogenic or harmful microorganisms18. Also, the fact that 
probiotic bacteria can influence and thus regulate cell proliferation and apoptosis is now useful in preventing the growth of 
cancer cells. Many studies have demonstrated the anticancer effect of probiotic strains on cell lines as well as animal models28-32.  
Clinical trials have also shown a positive response in patients with a probiotic regime33. Probiotic based therapy resulting in 
activation of apoptotic signaling pathways in neoplastic cells have been proposed for the prevention of colorectal cancer34.   

I. Oral health 

Dental caries or tooth decay is the result of breakdown of the tooth/teeth due to acids produced by bacteria, mainly the 
mutans streptococci.   The use of probiotic lactobacilli has been shown to decrease the overall load of mutans streptococci in the 
mouth35. In some other studies done on otherwise healthy adults with moderate and moderate to severe gingival inflammation, 
administration of probiotic bacteria in chewing gums showed a significant beneficial effect on the gingival health along with 
reduction in dental plaque36,37.  
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J. Treatment and prophylaxis of urogenital infections 

The absence of vaginal lactobacilli has been categorically observed in case of individuals suffering from sexually transmitted 
infection38,39. Studies involving treatment of women having genitourinary tract infection strongly suggests a protective role by 
probiotic lactobacilli40,41. Consumption of probiotic lactobacilli has been shown to decrease the possibility of urinary tract 
infection, candidiasis and bacterial vaginosis. Even though the possible mechanism by which these healthy bacteria help in 
alleviating the risk of urinary tract infections is not completely clear, it is proposed that the ingested lactobacilli could move up 
from the rectal regions to the vagina, or maybe, prevent the entry of pathogens to the vagina42. Probiotic lactobacilli have been 
shown to inhibit attachment of urogenital pathogens to vaginal epithelial cells in vitro43. Also, another reason for resistance to 
the urinary tract infections could be an improved immunity of the host as a result of probiotic consumption thus reducing 
susceptibility to infection39. 

K. Production of nutrients 

The gut microbiota is also popularly known to produce important vitamins, particularly the B vitamins (B12, biotin, B2 and 
folate).  The B vitamins are needed for deriving energy from the food consumed by an individual. Vitamin B12 and folate are 
also required for healthy RBCs and nerve cells. Many probiotic bacteria are found to produce the B vitamins as well as vitamin 
K which is required for blood clotting during an injury. Vitamin K exists in two forms: vitamin K1 and K2.  Vitamin K1 is found 
in all photosynthetic plants while vitamin K2 is observed to be produced by bacteria. Vitamin K2 has been recently shown to be 
essential for bone health and for prevention of coronary artery disease.  Vitamin K2 appears to correctly direct dietary calcium 
to the tissues of the bone thus preventing the possibility of calcium adhering to the inner walls of the arteries which could lead 
to calcification and hence heart disease or stroke44-47. Hence, it is recommended to use these vitamin producing bacteria not only 
as supplements, but also to enrich food materials like dairy, soy, vegetables and meat adding further nutritional value to the 
food45,48.  

L. Absorption of nutrients 

Probiotics are now shown to not only aid in the digestion of foods in the gut but also in absorption of important nutrients 
including glucose, fatty acids, vitamins like B12 and minerals like iron and magnesium present in the ingested food, from the GI 
tract into the bloodstream and the tissues of the body.  These bacteria regulate expression of genes involved in the processing 
and absorption of nutrients. Complex dietary carbohydrates are broken down to compounds such as short-chain fatty acids 
(SCFAs) viz. propionate, butyrate and acetate that can be easily utilized by the hepatocytes, enterocytes and myocytes 
respectively.  Key enzymes involved in fatty acid metabolism are also produced which have a positive influence on the health of 
the host49-53. SCFAs also aid in improving the absorption of iron and hence probiotics can be used for treating anaemic 
individuals54. Probiotics are also useful for providing energy from the SCFAs produced and thus can be recommended for the 
general health of particularly elderly people55.  Improved absorption of calcium from the diet has also been observed in 
individuals administered probiotic strains. Thus these organisms can help in contributing to bone and dental fitness56. 

 
TABLE 1 

LIST OF SOME COMMERCIALLY AVAILABLE PROBIOTIC STRAINS (COLLATED FROM VARIOUS SOURCES AND REFERENCES INCLUDING 18, 39, 57, 58) 
Organism Manufacturer  Country 

Bifidobacterium adolescentis Lichu Drug House China 

B animalis DN173 010 (“Bifidis 
regularis™”) 

Dannon USA 

B bifidum Jilin Weite Group China 

B bifidum LMG 25628 Metabolics Ltd. United Kingdom 

B breve strain Yakult Yakult  Japan 

B infantis   Shantong Kesing Biodrug Pte Ltd. China 

B infantis  35624; 35264 Align; Procter & Gamble USA 

B lactis Bb-12  Chr. Hansen, Inc. Denmark 

B lactis FK120  Fukuchan milk Japan 

B lactis HN019 (DR10)  New Zealand Dairy Board New Zealand 

B lactis HN019 (DR10)  Danisco USA 

B lactis LKM512  Fukuchan milk  Japan   

B longum Shanghai Sinyi Drug Pte. Ltd. China 

B longum BB536  Morinaga Milk Industry Co. Ltd.  Japan  

B longum SBT-2928  Snow Brand Milk Products Co. Ltd. Japan 

B species 420  Danlac  Canada 

Enterococcus faecium SF68  Cerbios Pharma  Switzerland 

Lactobacillus acidophilus CK120 Matsutani Chemical Product Japan 

L acidophilus NCFB 1748  Arla Sweden 

L acidophilus 145 Danlac Canada 
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L acidophilus 74-2 Danlac Canada 

L acidophilus DDS-1 Nebraska Cultures, Inc. USA 

L acidophilus LA-1 Chr. Hansen, Inc.  USA 

L acidophilus LB  Lacteol Laboratory France 

L acidophilus NCFM®  Rhodia, Inc. ; Danisco USA 

L acidophilus R0011  Institut Rosell  Canada 

L acidophilus R0052 Institut Rosell  Canada 

L acidophilus SBT-2062  Snow Brand Milk Products Co. Ltd.  Japan 

L bulgaricus 1261  Danlac  Canada 

L casei 01  Chr. Hansen  Denmark 

L casei 744  Nutricia  The Netherlands 

L casei CRL431  Chr. Hansen  Denmark 

L casei Imunitass (Defensis, DN114, DN-
014001) 

Danone France 

L casei GG Valio Finland 

L casei Shirota (YIT 0918)  Yakult  Japan 

L casei var. rhamnosus (Lactophilus)  Laboratoires Lyocentre France 

L crispatus CTV05  Gynelogix,  USA 

L debrueckii subsp. delbrueckii Dalian Medical University China 

L delbrueckii subsp. bulgaricus 2038  Meiji  Japan 

L fermentum RC-14  Urex Biotech  Canada 

L fermentum VRI003 (PCC)  Probiomics Australia 

L gasseri  Bayer USA 

L gasseri  Swanson USA 

L helveticus CK60  Matsutani Chemical Product  Japan 

L johnsonii La-1 (Lj1)  Nestec Ltd.  Switzerland 

L paracasei CRL 431  Chr. Hansen, Inc.  Denmark 

L paracasei F19  Arla Dairy  Sweden 

L paracasei F19 Medipharm USA 

L plantarum 299V  Probi AB  Sweden 

L plantarum ATCC 8014  MicroBioLogics (MBL) USA 

L plantarum L2-1  Danlac  Canada 

L reuteri MM53  BioGaia  Sweden 

L reuteri RC-14™ Chr. Hansen, Inc.  USA 

L reuteri SD2112 (MM2)  Biogaia  USA 

L rhamnosus 1091  Danlac  Canada 

L rhamnosus 271  Probi AB  Sweden 

L rhamnosus ATCC 7469  MicroBioLogics (MBL)  USA 

L rhamnosus GG (ATCC 53103)  Valio Dairy  Finland 

L rhamnosus GR-1  Urex Biotech  Canada 

L rhamnosus HN001  Fonterra New Zealand 

L rhamnosus LB21  Essum AB  Sweden 

L rhamnosus LC-705  Danlac  Canada 

L rhamnosus R0011 Institut Rosell  Canada 

L rhamnosus R0052  Institut Rosell  Canada 

L rhamnosus VTT E-97800  Research strain VTT Finland 

L salivarius UCC118  University College Cork  Ireland 

Lactococcus lactis L1A  Essum AB  Sweden 

Saccharomyces boulardii   Optibac Probiotics United Kingdom 

Saccharomyces boulardii   Swanson USA 

Streptococcus thermophilus 1131  Kenko-dontokoi  Japan 

Streptococcus thermophilus F2  Danlac  Canada 
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III. CONCLUSIONS 

 The field of probiotics is a developing field.  Evidence continues to be generated in support of the use of different probiotic 
strains in a variety of conditions.  Physical health is a very important and obvious requirement for overall wellbeing of an 
individual. The research now suggests that these “healthy” bacteria have beneficial effects for relief from various ailments in all 
age groups from infants to the elderly. Increased awareness about the long-term negative effects of synthetic nutritional 
supplements and chemotherapeutic agents has led to the need for natural ways of maintaining health. This is also the driving 
force for the probiotic market worldwide. 

Probiotics are patented and marketed as health or functional foods and are therefore consumed for their positive advantages 
in the digestive tract and/or systemic area. The main probiotic microorganisms used by commercial manufacturers belong to the 
Lactobacillus and Bifidobacterium genera.  Other bacteria such as Bacilli, Enterococci and yeasts e.g. Saccharomyces boulardii 
are also used occasionally as probiotics.  Caution must be exercised in choosing probiotics and since the probiotic effects are 
strain specific, the claims of marketed strains need to be validated. Also, the counts of available probiotic organisms in the 
given product need to be as per recommendations in order to obtain the desired health benefit. Hence, incorporating a probiotic 
regime particularly through a planned diet can not only be an inexpensive but also a gentle method of obtaining and maintaining 
a healthy lifestyle. 
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