
 

Braz. Arch. Biol. Technol. v.56 n.1: pp. 113-119, Jan/Feb 2013 

113

Vol.56, n.1: pp. 113-119, January-February 2013 
ISSN 1516-8913    Printed in Brazil 

 BRAZILIAN ARCHIVES OF  
BIOLOGY AND TECHNOLOGY 

  A N  I N T E R N A T I O N A L  J O U R N A L  
 

 

 
Mechanism of Action of Probiotics 
 
Hemaiswarya S1, R. Raja1*, R. Ravikumar2 and Isabel S. Carvalho1 
1IBB/CGB - Faculty of Sciences and Technology; Food Science Laboratory; University of Algarve; Campus de 
Gambelas, Ed. 8, 8005-139 Faro – Portugal. 2Aquatic Energy LLC, Lake Charles; Louisiana – 70629 - USA 
 
 

ABSTRACT 
 
The modern diet doesn’t provide the required amount of beneficial bacteria. Maintenance of a proper microbial 
ecology in the host is the main criteria to be met for a healthy growth. Probiotics are one such alternative that are 
supplemented to the host where by and large species of Lactobacillus, Bifidobacterium and Saccharomyces are 
considered as main probiotics. The field of probiotics has made stupendous strides though there is no major break 
through in the identification of their mechanism of action. They exert their activity primarily by strengthening the 
intestinal barrier and immunomodulation. The main objective of the study was to provide a deep insight into the 
effect of probiotics against the diseases, their applications and proposed mechanism of action. 
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INTRODUCTION 
 
The gut microenvironment has an effect on the 
nutrition, feed conversion and disease of the host, 
thereby maintaining the microbial ecology of the 
gut (Guarner and Malagelada 2003). During the 
periods of stress, illness or antibiotic treatment, the 
gut flora is often changed in favor of harmful 
bacteria that may cause diarrhea and loss of 
appetite (Cremonini et al. 2002; Harish and 
Varghese 2006). Overgrowth of the harmful 
bacteria and its subsequent invasion of the system 
lead to inflammatory, immunological, neurological 
and endocrinological problems. Induction of the 
growth of beneficial bacteria is one of the possible 
solutions to normalize the health conditions. This 
could be achieved by the supplementation of 
viable bacterial cells into the host. Probiotics can 
help to build up the beneficial bacterial flora in the 
intestine and completely exclude the pathogenic 
bacteria. These bacteria also release some enzymes 
which help in the digestion of the feed (Jean et al. 

2003). A daily intake of 109-1010 colony forming 
units (CFU) viable cells has been shown to have 
positive effect on the host health.  
There are many microorganisms that could 
potentially function as probiotic, of which 
Lactobacillus and Bifidobacterium species are the 
most commonly used. Probiotics are live 
microorganisms thought to be beneficial to the 
host organism. According to the currently adopted 
definition by FAO/WHO, probiotics are live 
microorganisms, which when administered in 
adequate amounts confer a health benefit on the 
host. In addition, nonpathogenic species belonging 
to the class of Saccharomyces, Streptococcus and 
Lactococcus are also used as probiotics. Probiotics 
affect the host beneficially, which may be direct or 
indirect, including enhanced barrier function, 
modulation of the mucosal immune system, 
production of antimicrobial agents, enhancement 
of digestion and absorption of food and alteration 
of the intestinal microflora (Fig. 1) (Jean et al. 
2003).  
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The efficacy of a probiotic effect often depends on 
the mechanism by which they exert their activity. 
By and large, to treat a disease, the probiotics 
follow a set of mechanisms, which is discussed in 
this review. The effective performance of the 
probiotic depends on their strong adherence and 
colonization of the human gut, which in turn 
improves the host immune system (Sarah et al. 
2008). The mechanism of adherence is still under 

investigation, but Lactobacillus plantarum 299v 
has been shown to exhibit a mannose specific 
adhesion by which it can adhere to human colonic 
cells. Once the probiotic adheres to the cell, 
various biological activities take place, which 
primarily include the release of cytokines and 
chemokines. These then exert their secondary 
activity such as stimulation of mucosal and 
systemic host immunity (Delcenserie et al. 2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 - Hypothesised mechanism of immunomodulation by probiotics. (1). Interaction of 
probiotic bacteria with epithelial cells (E) or M cells (M) or the Dendritic cells (DC) 
results in the internalization of the bacteria or its components. (2). This interaction 
stimulates the release of IL-6 by epithelial cells and stimulates macrophages (MQ) and 
dendritic cells to produce TNF-α and IFN-γ. (3). Mast cells (MAC) or also stimulated to 
produce the cytokine IL-4, which together with IL-6 and TGF-β induce the T-
independent switch from IgM to IgA on the surface of B lymphocytes (BL), thereby 
enhancing the production of IgA. (4). IL-6 favours the clonal expansion of IgA B 
lymphocytes. There is also an associated increase in the production of antibodies such as 
IgM, IgG and reduced secretion of IgE. (5). Th1 cells produce pro-inflammatory 
cytokines such as IFNγ, TNFα and IL-2, which stimulate the phagocytosis and 
destruction of microbial pathogens and induce macrophages, natural killer cells and 
cytotoxic T-lymphocytes to kill viruses and tumors (Galdeano et al. 2007). 

 

 
 
Prevention of infectious diseases 
Probiotic strains inhibit the pathogenic organisms 
by competing for the limited substrates required 
for fermentation or the receptors. They prevent the 
adherence of the pathogenic bacteria to the host 

cells by strengthening the barrier effect of the 
intestinal mucosa (Eizaguirre et al. 2002; Mangell 
et al. 2002) and release of gut-protective 
metabolites (arginine, glutamine, short-chain fatty 
acids and conjugated linoleic acids). Probiotic acts 
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as antimicrobial by secreting the products called 
bacteriocins and substances such as organic acids 
(lactic, acetic and butyric acid) and H2O2 (De 
Keersmaecker et al. 2006). For example, 
Lactobacillus acidophilus has been shown to 
produce two compounds, bacteriocin lactacin B 
and acidolin. Lactacin B was shown to inhibit 
Lactobacilli in-vitro, whereas acidolin inhibited 
enteropathogenic organisms. Silva et al. (1987) 
demonstrated an inhibitory substance produced by 
Lactobacillus GG with similar broad spectrum 
activity. They also lower the intestinal pH (De 
Keersmeacker et al. 2006), agglutinates pathogenic 
microorganisms, binds and metabolise toxic 
metabolites (Fonden et al. 2000; Oatley et al. 
2000; Haskard et al. 2001) or regulate the 
intestinal motility (Marteau et al. 2002) and mucus 
production (Mattar et al. 2002; Vrese and Marteau 
2007).  
The clinical data show that the intake of  
 

Lactobacillus reuteri significantly reduces the 
incidence or severity of diarrhoea of different 
origins and reduces the gastrointestinal illness or 
infections. The ability of L. reuteri to influence the 
basic immune responses in the human 
gastrointestinal tract may be the basis for an 
improved protection against the pathogenic 
infection (Connolly 2004). Many different strains 
are known to treat diarrhea caused by (primary) 
lactose intolerance; acute diarrhea from viral and 
bacterial infections, e.g. nosocomial rotavirus 
infections in children, gastrointestinal infections in 
children in day-care centers and travelers’ 
diarrhea; antibiotic-associated diarrhea (AAD); 
Clostridium difficile gastroenteritis; diarrhea in 
tube-fed patients; chemo- or radiotherapy induced 
diarrhea; inflammatory bowel diseases (Crohn’s 
disease, ulcerative colitis and pouchitis); small 
bowel bacterial overgrowth; and irritable bowel 
syndrome (IBS) with diarrhea (Fig 2) (Michael de 
Vrese and Marteau 2007). 

 

 
 

Figure 2 - List of various diseases that are possibly treated by probiotics. 
 
 
The daily intake of L. reuteri in humans 
significantly reduced the number of reported sick 
days due to common infections, and this effect was 
even more pronounced in the shift workers 
(Tubelius et al. 2005). The daily consumption of L. 

reuteri at the dosage of 1010 CFU for 21 days was 
shown to be safe and had no side effects on the 
adults infected with HIV (Wolf 1998). A short 
term daily ingestion of L. reuteri delivered by 
drinking straw or tablets reduced the levels of 
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salivary Streptococci in young adults (Caglar et al. 
2006). The L. reuteri supplementation during and 
after Helicobacter pylori eradication therapy 
significantly reduced the frequency and intensity 
of antibiotic associated side effects (Lionetti et al. 
2006). The administration of L. reuteri 
significantly decreased UBT (Urea Breath Test) 
values in H. pylori positive subjects, 
demonstrating that L. reuteri suppressed H. pylori 
density (Imase et al. 2005). The probiotic 
supplementation with L. reuteri has a beneficial 
effect on H. pylori infection in humans (Saggioro 
et al. 2005).  
 
Stimulation of mucosal and systemic host 
immunity 
There is considerable evidence from the animal 
studies that probiotic organisms can modulate the 
mucosal and systemic immune systems. Link-
Amster et al. (1994) fed 16 volunteers with 
fermented milk supplemented with L. acidophilus, 
Bifidobacterium bifidum Bb12 and Streptococcus 
thermophilus for three weeks during when they 
injected attenuated Salmonella typhi Ty21a 
vaccine. Results showed that the specific serum 
IgA titre rise was significantly higher in the 
controls, denoting an improvement in the humoral 
immune response.  
Stimulation of the immune system in response to 
rotavirus infection was studied by Kaila et al. 
(1992a). The 39 children with acute rotavirus 
diarrhoea were randomly assigned to receive 
Lactobacillus casei GG or a placebo milk product. 
They found an increased IgA specific antibody 
secreting cell response to rotavirus in the probiotic 
group, associated with a reduction in diarrhoea. 
When they repeated this study with heat 
inactivated Lactobacillus casei GG, specific IgA 
levels were unaltered but the duration of diarrhoea 
was reduced. Finally, they concluded that 
probiotics must have interacted beneficially with 
the mucosal immune system. The microorganisms 
present in the gastrointestinal tract (including the 
endogenous flora), interact with the epithelial and 
immune cells. The cytokine response is initially 
manifested by the release of interleukin 8 (IL-8), 
which leads to migration of neutrophils and 
monocytes to the mucosa (Salminen et al. 1998). 
Activated monocytes and dendritic cells in the 
lamina propria produce tumor necrosis factor α 
(TNF-α) as well as IL-1 and IL-6 (Venkat et al. 
2004). The IL-1 and IL-6 stimulate CD41 T cells 
(type 1), and these produce a variety of cytokines 

including IL-4, -5, IL-6, and interferon-γ. This 
response is unable to clear the infection and 
sustains inflammation. Different species of 
lactobacilli exert different activation patterns on 
the dendritic cells (Raja 2003). Further, L. reuteri 
DSM12246 inhibited the activities of other 
species. Clearly, not all the probiotics share the 
same immunomodulating properties and can even 
have opposite effects on some parameters.  
 
Probiotics on non-gastrointestinal problems 
Apart from the gastrointestinal diseases, probiotics 
possess functions such as antiallergic activity. 
Probiotics are used in the treatment of allergic 
conditions, including rhinitis, atopic dermatitis and 
food allergy (Norin et al. 2004). Although initial 
results in the studies of children have been 
promising, a definitive role for any of these 
indications remains unproven. Intestinal 
microflora can contribute to the processing of food 
antigens in the gut, resulting in food 
hypersensitivity, of which atopic disease is a 
manifestation. Probiotics have the potential to 
modify the structure of potential antigens, reduce 
their immunogenicity, reduce intestinal 
permeability and generation of proinflammatory 
cytokines that are elevated in the patients with a 
variety of allergic disorders. They directly 
modulate the immune system through the 
induction of anti-inflammatory cytokines or 
through increased production of secretory, which 
contribute to an exclusion of antigens from the 
intestinal mucosa (Kaila et al. 1992b). Probiotics 
could have a potential effect on bone accretion by 
microbial production of metabolites or enzymes or 
synthesis of vitamins (Norin et al. 2004; Katharina 
et al. 2007) because several vitamins are also 
involved in calcium metabolism and are required 
for bone matrix formation and bone accretion, e.g. 
vitamin D, C, or K or folate (Weber 1999). 
Mechanisms that may contribute to the bone 
health-supporting effect include degradation of 
mineral complexing phytic acid, stimulation of 
calcium uptake by enterocytes and probiotic 
antiarthritic effect (Katharina et al. 2007). 
 
Probiotics as a feed for animals and 
aquaculture 
The usage of probiotics is not limited to the 
humans. They have many beneficial effects when 
they are used in animal feeds and aquaculture. 
These effects include exclusion of pathogens, 
improved digestion and absorption of nutrients. 
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The effect of feeding Lactobacillus on the gut 
microflora, growth and survival of post-larvae of 
Macrobrachium rosenbergii (de Man) has been 
studied by Venkat et al. (2004). The commercial 
products can be administered through water or 
incorporated in the feed. A wide range of 
microalgae such as Dunaliella salina (Raja et al. 
2007a,b), Spirulina platensis (Raja et al. 2008), 
Chlorella vulgaris (Raja et al. 2008) and yeasts 
such as Debaryomyces, Phaffia and 
Saccharomyces Gram-positive bacteria such as 
Bacillus, Carnobacterium, Enterococcus, 
Lactobacillus, Lactococcus, Micrococcus, 
Streptococcus and Weissella (Reid 2002) and 
Gram-negative bacteria such as Aeromonas, 
Alteromonas, Photorhodobacterium, 
Pseudomonas and Vibrio have been evaluated. 
Probiotics actively inhibit the colonization of 
potential pathogens in the digestive tract by 
antibiosis or by competing for the nutrients and 
space, alteration of microbial metabolism or by the 
stimulation of host immunity. Probiotics may 
stimulate appetite and improve the nutrition by the 
production of vitamins, detoxification of 
compounds in the diet, and by the breakdown of 
indigestible compounds into simpler compounds. 
There is evidence that probiotics are effective at 
inhibiting a wide range of fish pathogens, but the 
reason for the inhibitions is often unstated (Irianto 
and Austin 2002). In addition, probiotics have 
been particularly useful in the early stages of chick 
growth since the gut of the newly hatched chick is 
sterile and administering probiotics through water 
at this stage helps to build up the beneficial 
bacteria in its gut much faster than the normal 
course (Singh et al. 2008). 
The balance between the phytoplankton, 
zooplankton and beneficial bacteria during the 
culture process play a crucial role in the 
maintenance of pond health (Irianto and Austin 
2002). Probiotics have also been used in a big way 
as pond cleaners in aquaculture (Balcazar et al. 
2006). Probiotic bacteria directly uptake or 
decompose the organic matter or toxic material 
and improve the quality of water. The microbial 
cultures produce a variety of enzymes such as 
amylase, protease, lipase, xylanase and cellulase in 
high concentrations than the native bacteria, which 
help in degrading the waste. These bacteria have a 
wide range of tolerance for salinity, temperature 
and pH, which are the normal ambience of 
 

aquaculture operations. The use of antibiotics in 
aquaculture is banned due to the possible side 
effects of antibiotics on the marine food (Balcazar 
et al. 2006). Hence, the usage of probiotics is 
recommended to counter the effect of viral and 
bacterial infections in commercial aquaculture. 
The pond probiotics also have a special blend of 
denitrifying bacteria that remove the algae’s 
primary source of food namely nitrogen from the 
pond water. This drastic reduction in nitrogen 
concentration makes it difficult for the algae to 
bloom (Hallegraeff 1993).  
 
 
CONCLUSION 
 
The use of probiotics in the day-to-day medicine 
in the treatment of gastrointestinal disorders is 
increasing with the discovery of the beneficial 
effects of these agents. It is important to assess the 
degree of effects on the population and activity of 
gut microbes. There are several reports on the role 
of probiotics in reducing the colon cancer but the 
reoccurrence of cancer due to such treatments has 
not yet been established. Studies documenting the 
probiotic effects in humans are limited, although 
results in several biological systems are intriguing. 
The degree of evidence required to substantiate the 
bioactivity of food ingredients is not clearly 
established. This is a complex issue involving both 
regulatory and scientific considerations. The 
commercial use of probiotics, however, has 
proceeded because essentially no risk is associated 
with the consumption of well-defined probiotics in 
foods and many benefits are possible. Perhaps the 
most compelling evidence for probiotic efficacy is 
in the areas of anti-diarrheal effects and improved 
digestion of lactose in lactose-intolerant people, 
because these findings have been substantiated in 
human studies.   
 
 
ACKNOWLEDGEMENTS 
 
The authors wish to express their sincere gratitude 
to Dr. Velusubramani, Senior Scientist, Refining 
Technology, The British Petroleum Company Ltd., 
Chicago and Prof. R. Manivasakan, Indian 
Institute of Technology Madras for their critical 
review of the manuscript. 
 
 



Hemaiswarya, S. et al. 
 

Braz. Arch. Biol. Technol. v.56 n.1: pp. 113-119, Jan/Feb 2013 

118

REFERENCES 
 
Balcazar JL, de Blas I, Ruiz Zarzuela I, Cunnigham D, 

Vendrell D, Muzquiz JL. The role of probiotics in 
aquaculture. Vet Microbiol. 2006; 114: 173-186. 

Caglar E, Cildir SK, Ergeneli S, Sandalli N, Twetman 
S. Salivary mutans Streptococci and Lactobacilli 
levels after ingestion of the probiotic bacterium L. 
reuteri ATCC 55730 by straws or tablets. Acta 
Odontol Scan. 2006; 64: 314-318. 

Connolly E. Lactobacillus reuteri (ATCC 55730) - A 
clinically proven probiotic. Nutrafoods 2004; 3: 15-
22. 

Cremonini F, Di Caro S, Nista EC, Bartolozzi F, 
Capelli G, Gasbarrini G. Meta analysis: the effect of 
probiotic administration on antibiotic associated 
diarrhoea. Alimentary Pharmacol Ther.  2002; 16: 
1461. 

De Keersmaecker SC, Verhoeven TL, Desair J, 
Vanderleyden J, Nagy I. Strong antimicrobial activity 
of Lactobacillus rhamnosus GG against Salmonella 
typhimurium is due to accumulation of lactic acid. 
FEMS Microbiol Lett. 2006; 259: 89-96. 

Delcenserie V, Martel D, Lamoureux M, Amiot J, 
Boutin Y, Roy D. Immunomodulatory Effects of 
Probiotics in the Intestinal Tract. Curr Issues Mol 
Biol. 2005; 10: 37-54.   

Eizaguirre I, Urkia NG, Asensio AB, Zubillaga I, 
Zubillaga P, Vidales C. et al. Probiotic 
supplementation reduces the risk of bacterial 
translocation in experimental short bowel syndrome. 
J Ped Sur. 2002; 37: 699-702. 

Fonden R, Mogensen G, Tanaka R, Salminen S. 
Culture-containing dairy products-effect on 
intestinalmicroflora, human nutrition and health: 
current knowledge and future perspectives. Bull Int 
Dairy Fed. 2000; 352: 1-30. 

Galdeano CM, LeBlanc AM, Viderola G, Bonet MEB, 
Perigón D. Proposed Model: Mechanisms of 
immunomodulation induced by probiotic bacteria. 
Clin. Vaccine Immunol. 2007; 14: 485-492.  

Guarner F, Malagelada JR. Gut flora in health and 
disease. Lancet 2003; 361: 512-519. 

Hallegraeff GA. Review of harmful algal blooms and 
their apparent global increase. Phycol. 1993; 32: 79-
99. 

Harish K, Varghese T. Probiotics in humans-Evidence 
based review. Calicut Med J. 2006; 4: e3.  

Haskard CA, El-Nezami HS, Kankaanpa¨a PE, 
Salminen S, Ahokas JT. Surface binding of aflatoxin 
B1 by lactic acid bacteria. Appl Environ Microbiol. 
2001; 67: 3086-91. 

 
 
 
 
 

Imase K, Tanaka A, Tokunaga K, Sugano H, Takahashi 
S. Lactobacillus reuteri tablets can suppress 
Helicobacter pylori infection: a double blind, 
randomized, placebo controlled cross over clinical 
study. Am J Gastroenterol. 2005; 100: (S9). 

Irianto A, Austin B. Probiotics in aquaculture. J Fish 
Dis. 2002; 25: 633-642. 

Jean Fioramonti, Vassilia Theodorou, Lionel Bueno. 
Probiotics: what are they? What are their effects on 
gut physiology? Best Prac & Res Clin Gastroenterol. 
2003; 17: 711-724. 

Kaila M, Isolauri E, Soppi E, Virtanen E, Laine S, 
Arvilommi H. Enhancement of the circulating 
antibody secreting cell response in human diarrhea by 
a human Lactobacillus strain. Ped Res. 1992a; 32: 
141-4. 

Kaila M, Isolauri E, Virtanen E, Arvilommi H. 
Preponderance of IgM from blood lymphocytes in 
response to infantile rotavirus gastroenteritis. Gut 
1992b; 33: 639-642. 

Katharina E, Scholz-A, Peter A, Berit M, Petra W, 
Wolfram T, et al. Prebiotics, Probiotics and 
Synbiotics Affect Mineral Absorption, Bone Mineral 
Content, and Bone Structure. J Nut. 2007; 137: 838S-
846S. 

Link-Amster H, Rochat F, Saudan KY, Mignot O, 
Aeschlimann JM. Modulation of a specific humoral 
immune response and changes in intestinal flora 
mediated through fermented milk intake. FEMS 
Immunology Med Microbiol. 1994; 10: 55-63. 

Lionetti E, Miniello VL, Castellaneta SP, Magista AM, 
De Canio A, Giovanni M, et al. Lactobacillus reuteri 
therapy to reduce side effects during anti 
Helicobacter pylori treatment in children: a 
randomized placebo controlled trial. Ali Pharmocol 
Ther. 2006; 24: 1461-1468. 

Mangell P, Nejdfors P, Wang M, Ahrne S, Westrom B, 
Thorlacius H, et al. Lactobacillus plantarum 299v 
inhibits Escherichia coli induced intestinal 
permeability. Dig Disorder and Sci. 2002; 47: 511-6. 

Marteau P, Cuillerier E, Meance S, Gerhardt MF, 
Myara A, Bouvier M, et al. Bifidobacterium animalis 
strain DN-173 010 shortens the colonic transit time in 
healthy women: a double-blind, randomized, 
controlled study. Aliment Pharmacol Ther. 2002; 16: 
587-93. 

Mattar AF, Teitelbaum DH, Drongowski RA, Yongyi 
F, Harmon CM, Coran AG. Probiotics up-regulate 
MUC-2 mucin gene expression in a Caco-2 cell-
culture model. Ped Surg Int. 2002; 18: 586-90. 

Michael de Vrese, Philippe R. Marteau. Probiotics and 
Prebiotics: Effects on Diarrhea. J Nutr. 2007; 
137:803S-811S. 

 
 
 
 



Mechanism of probiotics 
 

Braz. Arch. Biol. Technol. v.56 n.1: pp. 113-119, Jan/Feb 2013 

119

Norin E, Midtvedt T, Bjo¨rkste´n B. Development of 
faecal short-chain fatty acid pattern during the first 
year of life in Estonian and Swedish infants. 
Microbial Ecol Heal Dis. 2004; 16: 8-12. 

Oatley JT, Rarick MD, Ji GE, Linz JE. Binding of 
aflatoxin B1 to bifidobacteria in vitro. J Food Protec. 
2000; 63: 1133-6.  

Raja R. Studies on Dunaliella salina (Dunal) Teold. 
with special reference to its anticancer properties 
[PhD Thesis]. Chennai, India: University of Madras; 
2003.  

Raja R, Hemaiswarya S, Ashok kumar N, Sridhar S, 
Rengasamy R. A perspective on the biotechnological 
potential of microalgae. Cri Rev Microbiol. 2008; 34: 
77-88 

Raja R, Hemaiswarya S, Rengasamy R. Exploitation of 
Dunaliella for β-carotene production. Appl Microbiol 
Biotech. 2007a; 74: 517-523. 

Raja R, Hemaiswarya S, Balasubramanyam D, 
Rengasamy R. PCR-identification of Dunaliella 
salina (Volvocales, Chlorophyceae) and its growth 
characteristics. Microbiol Res. 2007b; 162: 168-176. 

Reid G. Safety of Lactobacillus strains as probiotic 
agents. Clin Infect Dis. 2002; 35: 349-350. 

Saggioro A, Caroli M, Pasini M, Bortoluzzi F, Girardi 
L, Pilone G. Helicobacter pylori eradication with L. 
reuteri. A double blind placebo controlled study. 
Digestive Liver Dis. 2005; 37: 1-49. 

Salminen S, Bouley C, Boutron Rault MC, Cummings 
JH, Franck A, Gibson GFR, et al. Functional food 
science and gastrointestinal physiology and function. 
Bri J Nutr. 1998; 80: S147-S171. 

Sarah Lebeer, Jos Vanderleyden S, De Keersmaecker 
CJ. Genes and molecules of Lactobacilli Supporting 
probiotic action microbiol. Mol Biol Rev. 2008; 
72(4):728 

 
 
 

Silva M, Jacobus NV, Deneke C, Gorbach SL. 
Antimicrobial substance from a human Lactobacillus 
strain. Antimicro Ag and Chemother. 1987; 31: 1231-
1233. 

Singh SD, Nayak SK, Sekar M, Behera BK. 
Applications of nutritional biotechnology in 
aquaculture. Aquacul Asi Mag. 2008; 17-23. 

Tubelius P, Stan V, Zachrisson A. Increasing work 
place healthiness with the probiotic Lactobacillus 
reuteri: A randomized, double blind placebo 
controlled study. Environmental Heal. 2005; 4: 25. 

Venkat HK, Sahu NP, Kamal K. Jain Effect of feeding 
Lactobacillus based probiotics on the gut microflora, 
growth and survival of post larvae of Macrobrachium 
rosenbergii (de Man). Aquacul Res. 2004; 35: 501-
507. 

Vrese M, Marteau PR. Probiotics and prebiotics: 
Effects on Diarrhea. J Nutr. 2007; 137: 803S-811S. 

Weber P. The role of vitamins in the prevention of 
osteoporosis-a brief status report. Int J Vit Nutri Res. 
1999; 69: 194-7. 

Wolf BW. Safety and tolerance of L. reuteri 
supplementation to a population infected with the 
human immunodeficiency virus. Food Chem Toxicol. 
1998; 36: 1085-1094.  

 
 
 
 
 
 

Received: June 30, 2011; 
Revised: November 21, 2011; 

Accepted: August 09, 2012. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




