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ARTICLE  INFO  ABSTRACT 

Article type: 

Review Article  

   
Probiotics, living microorganisms which when used in adequate amounts, have health benefits on the 
host, have attracted a considerable deal of interest in the biotechnology market. Various prokaryotic 
and eukaryotic microbes have been studied for probiotic purposes in human and animals. Lactobacillus 
and Bifidobacterium are the main probiotic genera; however, there are reports on the probiotic potential 
of strains belonging to Bacillus, Lactococcus, Pediococcus and also some yeast species. Lactobacillus 
species are regarded as the most investigated beneficial microbes for human and either animal probiotic 
development due to: a) anti-inflammatory effects, b) anti-allergic features, c) secretion of antimicrobial 
compounds, d) develops in aerobic and anaerobic conditions, and e) many Lactobacilli have been 
Generally Recognized As Safe (GRAS) by the Food and Drug Administration (FDA). Among 
Lactobacilli, Lactobacillus rhamnosus Gorbach-Goldin (GG) is known among the most in-detail 
studied strains and is regarded as a top well-researched and commercialized probiotic strain in the 
industrial biotechnology. Strain GG is a commercially significant probiotic which was originally 
isolated from the healthy human gastrointestinal tract in 1983. The documents studied this strain were 
reviewed here and it is shown that such successful strains in the probiotic market have been extensively 
studied from the probiotic traits and safety point of views and a minor part of the documents concerned 
the bioprocessing issues. Also, we showed that the beneficial and negative effects of this strain has been 
investigated in various clinical trial systems when it became commercialized. Various aspects of this 
strain are here reviewed, comparatively.   
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   Introduction 

 

   The clear association between diet and health is 

well-established nowadays. More recent 

discoveries indicated that our diet may modulate 

various functions in the body (1). Functional foods, 

of which probiotic containing foods are a subset, 

are now known vital for improving the safety level 

of the community (2, 3). Probiotics are ‘living 

microorganisms which, when administered in 

adequate amounts, confer a health benefit on the 

host’ (4). Hundreds of probiotic strains of a varied 

range of species can be found in normal microflora 

of human beings (5). The concept of probiotics was 

first reported by Metchnikoff in 1907 (6). He 

postulated that the consumption of fermented dairy 

products was associated with longevity of certain 

ethnic groups of people (7). Thus, Metchnikoff 

suggested that such fermented products can govern 

the intestinal microflora to maintain the normal 

balance between pathogenic and nonpathogenic 

bacteria (8). Then, probiotics became a potential 

therapeutical approach in human and veterinary 

medicine (9). Appealing properties of probiotics 

include the application to solve the global problem 

of antibiotic resistance, the high index of safety, 

and the public’s positive perception about 

“natural” or “alternative” therapies. Probiotics are 

classified, and generally regarded as safe, as 

opposed to antibiotics, which have a number of 

recognized adverse effects (10).  

   Due to the fact that probiotic microorganisms 

can be presented in various forms of products from 

dietary foods to supplements, the probiotic market 

in developing countries tend to be a potent sector. 

Further, from an international point of view, the 

global market of probiotic ingredients, 

supplements and food was estimated around 14.9 

billion USD in 2007 (11). The probiotic market 

was estimated to be valued at $33.19 Billion in 

2015 and it is projected to reach $46.55 Billion by 

2020. Also, estimates show that the market was 

dominated by Asia-Pacific, followed by Europe, in 

2014 (12). The growing demand for dietary 

supplements is also driving the probiotic 

ingredients market.  

   Nowadays, commercial probiotic supplements 

are available for human and animal use; however, 

many of these strains have not been exhaustively 

studied (13). Microbiologists have derived a varied 

range of supplementation of various probiotic 

strains which can confer different types of benefits 

(14). However, based on the above mentioned 

definition of probiotics, adequate numbers of 

viable cells of a probiotic, which is itself strain- 

and host-dependent, must reach the intestinal tract 

(15). Hence, probiotic organisms must be able to 

survive transit through the highly acidic 

environment of stomach and resist digestive bile 

(16). Besides, microorganisms that survive acid 

and bile must also possess a variety of 

characteristics which proved to be critical for a 

given probiotic strain to become stabilized in the 

gastrointestinal tract: adhesion to the intestinal 

epithelial cells, colonization in the intestinal tract, 

antimicrobial factors production, and inhibition of 

entero-pathogens (16-19). Additionally, other 

properties such as immunomodulation, modulation 

of metabolic activities, and interfering with risk 

factors (and procarcinogens), are also desirable 

(18, 20). An organism can only be considered to be 

a probiotic after most of these properties have been 

identified and a positive health effect has been 

documented (11, 21, 22). 

   Most of the commercialized probiotic strains fall 

in to a metabolic group of prokaryotes known as 

Lactic acid bacteria (LAB), which is a varied group 

of Gram-positive bacteria, are found in various 

habitats (22). LAB was traditionally considered as 

nonsporulating, catalase-negative microorganisms, 

but Bacillus coagulans as a Gram-positive, spore-

forming, catalase-positive bacterial species is also 

a lactic acid producing prokaryote and is 

commercialized as a probiotic organism for animal 

and human usages (23). Further, 

Sporolactobacillus vineae is a species which is 

regarded as a new LAB (24). This metabolic group 

(LAB) comprise multiple genera within the order 

Lactobacilliales that are generally acid tolerant, of 
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which Bifidobacterium, Enterococcus, 

Lactobacillus, and Streptococcus spp are among 

the most well characterized genera. Various 

members of these genera are detected in the normal 

microflora of the human gut (25) and also occur 

widely in dairy, meat, plants, and traditional and 

commercial fermented products (22). As a result of 

their ancient anthropological use in food 

processing and their fermentative nature which 

lead to lactic acid accumulation, they have become 

industrially important bacteria and are used in a 

very broad range of food and agricultural 

fermentation bioprocesses, worldwide (26). 

   The predominant and the most important 

subgroup of LAB that reside in the small intestine 

are Lactobacillus species. Some members of this 

genus of LAB are responsible for producing the 

enzyme lactase. They also collectively ferment 

carbohydrates in the gastrointestinal tract, 

producing lactic acid (27). Lactic acid helps 

establishment of an acidic environment in the 

digestive tract, which together with nicins: the 

antibacterial small peptides of lactobacilli, 

discourages many unwanted microorganisms that 

thrive in a neutral-alkaline environments. Lactic 

acid derived acidification also increases absorption 

of some significant minerals such as calcium, 

copper, magnesium, and iron (11, 17, 18, 19, 28). 

   Among the hundreds of LAB strains which have 

been documented as probiotic, L. rhamnosus 

(strains ATCC 53103, GG, LGG, GR-1, LB21, and 

271), L. acidophilus (strains ATCC 700396, LA-

1/LA-5, NCFM, DDS-1, and SBT-2062), L. 

helveticus (strains ATCC 15019, CECT 4305, 

LMG 13555, and B02), Bifidobacterium infantis 

(strains Shirota and Immunitas), Bifidobacterium 

lactis (strains Bb-02, LaftiTM, and B94) are 

known as the top well-researched probiotics (29). 

Also, among these five probiotics, L. rhamnosus 

Goldin Gorbach (30) and L. acidophilus have been 

studied more exhaustively. L. rhamnosus GG, a 

short Gram-positive, facultative anaerobic 

lactobacilli that often appears in chains, was 

originally considered as a subspecies of L. casei, 

but soon, it was found to be a distinct species thank 

to molecular data (31). Nowadays, L. rhamnosus 

strains are being used in commercial probiotic 

products. Interestingly, L. rhamnosus is regarded 

as the common flora of female genito-urinary tract 

and it sometimes is used as a starter culture in 

yogurt and dairy products (32). Also, L. rhamnosus 

GG has been studied extensively on its physiology, 

and either health benefits (33). This 

commercialized probiotic strain has been used 

worldwide since 1990 as an ingredient in food and 

dietary supplements, with no reported consumer 

illness or injury. This strain has been tested in 

clinical studies from newborn preterm infants to 

elderly populations in dosages up to at least 100 

billion CFU/day, with no reported serious adverse 

events. 

 

Detection and Characterization of L. rhamnosus 

GG 

 

   L. rhamnosus GG (ATCC 53103), a L. 

rhamnosus strain which was originally isolated in 

1983 from the intestinal tract of a healthy human 

being; filed for patent on 17 April 1985, by 

Sherwood Gorbach and Barry Goldin, and the 'GG' 

refers to the first letters of their last names (30, 31). 

The story of this strain originates from a 

microbiological study in 1987. Goldin, Gorbach 

and his colleague Chang published the results of 

their study on treatment of relapsing Clostridium 

difficile colitis with the L. strain GG which they 

already isolated (34-36). 

   This new therapeutical approach was soon 

patented (34). The patent which Sherwood 

Gorbach and Barry Goldin submitted refers to a 

strain of "L. acidophilus GG" with American Type 

Culture Collection (ATCC) accession number 

53103; soon later this strain was revisited and was 

identified as a member of L. rhamnosus species. 

The patent claimed that the L. rhamnosus GG 

(ATCC 53103) strain is acid- and bile-stable which 

is known as a compulsory property of functionally 

probiotic strains (15). Also, it has a great avidity 

for human intestinal mucosal cells, and produces 

lactic acid (36). Strain GG has been applied as a 

probiotic-therapy agent in mice and human 

systems and its probiotic properties have been 
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confirmed to be useful for treatment of various 

forms of gastrointestinal (37-46) and respiratory 

(47-49) disorders and diseases, as numerous 

clinical trial studies showed. Additionally, various 

forms of disorders and diseases have been also 

studied in which L. rhamnosus GG was applied as 

a probiotic therapy agent (50-53). Further, multiple 

studies reviewed the potential of L. rhamnosus as a 

helpful approach to improve the vaginal and 

urinary health and to decrease the vaginal 

irritations (54, 55). The general history of this 

strain, from isolation in 1983 till now, is 

summarized in figure 1 (56-59).    

 

Potentials and Applicability of L. rhamnosus GG 

as a probiotic 

 

   In 1987, Silva et al. indicated that Lactobacillus 

sp. strain GG produces a substance with potent 

inhibitory activity against a wide range of bacterial 

species (57). This substance showed inhibitory 

activity against anaerobic bacteria (Bacteroides 

spp., Bifidobacterium spp. and Clostridium spp.), 

Enterobacteriaceae members, Pseudomonas spp. 

Staphylococcus spp., and Streptococci. Silva et al. 

also showed that strain GG did not inhibit other 

lactobacilli (58). The reported inhibitory activity 

occurred between pH 3 and 5 and was thermostable 

(59-60). Also, Conway et al. studied the survival of 

lactic acid bacteria (including strain GG) in the 

human stomach and their adhesion to some of the 

intestinal cells (14). Additionally, in 1991, a 

method of treating gastrointestinal side effects of 

antibiotic therapy was invented which was based 

on application of a defined dosage of strain GG 

(30, 31). Also, this strain was soon cultivated in 

industrial scale and became commercialized in 

food and dietary supplements. In this period, the 

helpful effects of probiotics in the treatment of 

diarrheal diseases in mice and either human 

systems was evaluated (60, 61, 63-65). Vanderhoof 

et al. indicated the efficacy of Lactobacillus GG in 

reducing the incidence of antibiotic-associated 

diarrhea when co-administered with an oral 

antibiotic in children with acute infectious 

disorders (40). Besides, Hatakka et al. conducted a 

statistical trial and investigated the effects of long 

term consumption of a probiotic milk on the 

reduction of gastrointestinal and respiratory 

infections in children in day care centres (42). 

Then, Kalliomäki et al. showed that Lactobacillus 

GG was effective in prevention of early atopic 

disease in high risk children. Hence, Kalliomäki et 

al. concluded that gut microbiome can be assumed 

as a source of natural immunomodulators and 

probiotics, for prevention of atopic disease (63, 

64). Further, a statistical survey in Finland 

indicated that increased probiotic use of L. 

rhamnosus GG has not led to an increase in 

Lactobacillus bacteremia (66-68). Collectively, the 

above researches made a fundamental knowledge 

on the therapeutical potential of strain GG which 

helped to make this strain acceptable in regulatory 

agencies, globally. Thus, the above mentioned 

researches were followed by an extensive 

investigation of probiotic features of L. rhamnosus 

GG in various supplementations and formula (56, 

69-74). Also, the molecular features of this species 

have been exhaustively studied (74-76) (Figure 2). 

The whole genome of L. rhamnosus GG was 

sequenced by Morita et al. and can be accessed 

under the Genbank accession number 

NC_013198.1 (77).  

 

Safety, Approves and Legal Issues 

 

   The minimum standards of a given dietary 

probiotic product is legalized by Food and Drug 

Administration of the Islamic Republic of Iran 

(IFDA) (Available at: http://www.fda.gov.ir). 

Such standards have been also well-reviewed, 

internationally (4, 20, 30, 78-81). Various official 

agencies all around the world have approved 

probiotic strains (including L. rhamnosus GG) for 

human uses. WHO summarized the needed 

specifications for application of such probiotic 

strains for human uses in report of a joint 

FAO/WHO expert consultation on evaluation of 

health and properties of probiotics in food 

including powder milk with live lactic acid bacteria 

(Córdoba, Argentina: 2001. Oct 1-4, Health and 

Nutritional Properties of Probiotics in Food 
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Including Powder Milk with Live Lactic Acid 

Bacteria). Also there is a similar report in WHO 

which concerned such application (Specifications 

for the Identity and Purity of Food Additives and 

their Toxicological Evaluation: Some 

Antimicrobials, Antioxidants, Emulsifiers, 

Stabilizers, Flour-Treatment Agents, Acids and 

Bases. Ninth Report, FAO Nutrition Meetings 

Report Series, 1966, No. 40. World Health 

Organization Techn. Rep Ser No. 339. 1966). 

Additionally, European Food and Feed Cultures 

Association (EFFCA) reported such instructions 

(EFFCA Guidelines for Probiotics in Food and 

Dietary Supplements. 

   Functional foods, have recently justified the 

efforts of health authorities in many countries, 

especially Japan and the United States, to stimulate 

and support research on the physiological effects of 

food components and their health benefits and to 

authorize health claims. Thus, some regulations for 

administration of specific probiotic supplements 

regarding the age, gender, and medical records 

may be needed to consider (82). European Food 

and Feed Culture Association. 2008. Available at: 

http://bbs.bio668.com/simple/index.php?t35919.ht

ml). Similarly, different globally known official 

safety agencies reported similar instructions: FDA 

(Washington DC: U.S. Department of Health and 

Human Services. Food and Drug Administration; 

2006. Dec, Guidance for Industry on 

Complementary and Alternative Medicine 

Products and their Regulation by the Food and 

Drug Administration. Draft Guidance., US Food 

and Drug Administration. Generally Recognized 

As Safe (GRAS). Available at: 

http://www.fda.gov/Food/FoodIngredientsPackagi

ng/GenerallyRecognizedasSafeGRAS/ default. 

htm), CDC (Venugopalan et al. 2010), 

International Scientific Association for Probiotics 

and Prebiotics 2005. 

   Available at: http://www.isapp.net/docs/ 

probiotic %20standards% 20justification .pdf.), 

Evidence for safety and efficacy of finished 

natural health products, Natural Health Products 

Directorate, Canada. 2006. Dec, Available at: 

http://dsp-psd.pwgsc.gc.ca/collection_2007/hc-

sc/H164-9-2006E.pdf., IPA releases Guidelines 

for probiotic supplements (International 

Probiotics Association. 2008. Available from: 

http://www.naturalproductsinsider.com/hotnews/ 

ipa-guidelinesprobiotic-supplements.html.), 

Opinion of the Scientific Committee on a request 

from EFSA on the introduction of a Qualified 

Presumption of Safety (QPS) approach for 

assessment of selected microorganisms referred 

to EFSA. (EFSA J. 2007; 587:1-16., and Codex 

Alimentarius Commission), Recommended 

International Code of Practice: General Principles 

of Food Hygiene. CAC/RCP 1-1969, Rev 4-2003. 

Available at: www.codexalimentarius.net/ 

download/standards/23/cxp_001e.pdf). 

   According to the surveys on the probiotic strains 

in the U.S. and Europe biotechnology market, it is 

found that a handful of well-researched probiotic 

strains have been developed in clinical research 

for regulatory board approval from the U.S. Food 

and Drug Administration (FDA) and European 

Food Safety Authority (EFSA).  

 

Commercialization and Market  

 

   According to the researches concerning the 

market of probiotics, most of the commercialized 

probiotic products containing L. rhamnosus GG 

can be found in Europe (11, 83-85) (Table 1). L. 

rhamnosus GG has been used in multiple growth 

optimization, fermentation scale-up and medium 

design researches. Besides, exhaustive 

investigations are reported on the downstream 

processes, and biomass freeze- and spray- drying 

procedures at industrial level. According to 

Soccol et al., many companies, likely: Chr. 

Hansen, Essum AB, Probi AB, Valio, and Urex  
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Biotech, manufacture the biomass of strain GG 

for human uses (11) (Table 2).  

   Understanding the benefits of various probiotic 

strains and how they affect digestive health is 

essential in order to properly evaluate which 

probiotic supplement is the best for one. The five 

most researched probiotic strains are reviewed 

comparatively (Table 3). 

   Multiple copies of the strain GG are available 

worldwide: ATCC 53103, BCRC 16000, CCM 

7091, CCRC 16000, CCUG 34291, GG, LGG, 

LMG 17291, KCTC 5033, LMG 17291, LMG 

18243, New England Med. Ctr. Hospitals strain 

GG, PRSF-L 175, PRSF-L 253, VTT E-96666.  

 

 

 

 

 

 

 

    

 

 

L. rhamnosus is known for its ability to survive 

passage through the gastrointestinal tract and is 

thought to be among the best Lactobacillus strains 

for vaginal health (11). 

    “Pro-Flora Women’s Probiotic”, from 

Integrative Therapeutics Company, contains a 

formulated blend of L. rhamnosus GR-1® and L. 

reuteri RC-14® that supports vaginal 

colonization, healthy vaginal odor, and bowel 

regularity. The species information of L. 

rhamnosus is summarized in table 3.  

 

 

 

 

 

 

 

 

Fig 1.   History of L. rhamnosus GG. Major milestones in the development of L. rhamnosus strain GG as a 

top well-research commercialized probiotic strain. 

History of Lactobacillus rhamnosus GG 
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Products Trade names 

Commercial probiotic dairy 

products on the European market 

containing L. rhamnosus GG (LGG) 

A-fil, Actimel, Aktifit, AB-piimä, Bella Vita, 

Bifidus, Bifisoft, BiofardePlus Biofit, Bioghurt, 

Biola, Biologic bifidus, Casilus, Cultura, Cultura 

Dofilus, Dujat Bio Aktiv, Ekologisk Jordgubbs 

Yoghurt, Emmifit, Everybody, Fit&Aktiv, Fjäll 

Yoghurt, Fundo, Gaio Dofilus, Gaio, LGG+, 

Gefilac, Gefilus, God Hälsa, Joghurt, Kaiku 

Actif, LC 1, LC 1 Go!, Le'Vive+, Milbona, , 

Onaka, Öresundsfil, Philura, Probiotic drink, 

Probiotisches, ProViva, Pro X, ProViva, RELA, 

Verum, Vifit Vitamel, Vitality, Weight 

Watchers, Yogosan Verum, ViktVäktarna, 

Vitality, Vivi Vivo Yakult, Yoco Acti-Vit. 

 

 
Probiotic Species Strain Company Ref. 

Bifidobacterium animalis Bb-12 Chr. Hansen 86, 87, 88 

Bifidobacterium bifidum Bb-11 Chr. Hansen 89 

Bifidobacterium infantis Shirota 

Immunitas 

Danone® 

Yakult 

11 

Bifidobacterium lactis Bb-02 

LaftiTM 

B94 

DSM 2, 90 

Bifidobacterium longum BB536 

SBT-2928 

UCC 35624 

Morinaga Milk Industry 

Snow Brand Milk 

Products 

UCCork 

3, 11, 85 

 

Bacillus lactis  DR10 Danisco (Howaru™) 91 

L. acidophilus LA-1/LA-5 

NCFM 

DDS-1 

SBT-2062 

Chr. Hansen 

Nebraska Cultures 

Snow Brand Milk 

Products 

Rhodia  

11, 92-95 

L. casei  Shirota 

Immunitas 

Chr. Hansen 

Danone  

Yakult (Yakult®)  

11, 96 

L. fermentum RC-14 Chr. Hansen 

Urex Biotech 

11 

L. helveticus  CECT 4305 

LMG 13555 

B02 

 11 

 

Table 1.     L. rhamnosus GG in commercial probiotic dairy products on the European market (11). 

Table 2.    A review of the probiotic strains which are used in probiotic manufacturing companies (11, 83, 

84, 85). 
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L. rhamnosus GG 

LGG 

GR-1 

LB21 

271 

Chr. Hansen  

Essum AB 

Probi AB 

Valio 

Urex Biotech 

9, 76, 77, 11 

L. lactis L1A Essum AB 11 

L. paracasei CRL 431 Chr. Hansen 11, 96-105 

L. plantarum 299v 

Lp01 

Probi AB 11, 97 

L. reuteri SD2112/ 

MM2 

Chr. Hansen 

Biogaia 

11, 104 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

    

   According to this review, most of the 

documents on L. rhamnosus GG have concerned 

the safety issues and so mainly various clinical 

trials focused on the applicability of the probiotic 

features in treating gastrointestinal disorders in 

human system. Studying the probiotic features of 

this strain started in 1987 and there is still an 

ongoing effort to increase the knowledge on 

application of this probiotic in human system. 

Interestingly, such researches have shown the 

beneficial effects of such probiotic strains in 

treatment of not only the gastrointestinal disorders 

and diseases, but also respiratory, and even 

neurological problems. This review shows that a 

minor part of the researches focused on the 

microbiology of the strain and bioprocess 

optimization itself. Thus, the huge amount of 

investigations which performed as clinical trials 

might underestimate the works highlighted the 

bioprocess fermentation point of view.   

 

Acknowledgement 

 

   This research was supported by Pasteur Institute 

of Iran (IPI), Tehran, Iran. 

 

Conflict of interest 

 

   None declared conflicts of interest. 

 

References 

 

1. Hasler CM. Functional Foods: Benefits, 

Concerns and Challenges—A Position 

Paper from the American Council on 

Science and Health. J Nutr 2002; 132(12): 

3772-81. 

2. Tamime, AY, Saarela, M, Søndergaard 

AK, et al. Production and maintenance of 

viability of probiotic micro-organisms in 

dairy products, in probiotic dairy products 

Table 3.   Species Information on L. acidophilus, L. rhamnosus, L. helveticus, B. lactis and B. infantis in 

global catalogue of microorganisms (GCM). 

Probiotic species Strains Publications Protein 

Sequence 

Genome Nucleotide 

Sequences 

Patents 

L. acidophilus 128 2755 282 1 73 505 

L. rhamnosus 298 1496 3 2 219 171 

L. helveticus 88 801 258 0 207 74 

B. lactis 5 447 0 0 3 21 

B. infantis 1 2 0 0 0 0 

http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#specTop
http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#publication
http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#sprot
http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#sprot
http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#genome
http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#squence
http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#squence
http://gcm.wfcc.info/speciesPage.jsp?strain_name=Lactobacillus%20rhamnosus#patent


  Lactobacillus rhamnosus Gorbach-Goldin (GG) …                                                                                                              Papizadeh M, et al. 

                                                                                                                                  

      J Med Bacteriol.                   Vol. 5, No. 5, 6 (2016): pp.46-59                 jmb.tums.ac.ir        
54 

  

(ed A. Tamime), Blackwell Science Ltd, 

Oxford, UK; 2006. 

3. Sip A and Grajek W. Probiotics and 

prebiotics, in functional food product 

development (eds J. Smith and E. Charter), 

Wiley-Blackwell, Oxford, UK; 2010. 

4. Joint FAO/WHO Working Group Report 

on Drafting Guidelines for the Evaluation 

of Probiotics in Food. London, Ontario, 

Canada. April 30- May 1, 2002. 

5. Gerritsen J, Smidt H, Rijkers GT, et al. 

Intestinal microbiota in human health and 

disease: the impact of probiotics Genes. 

Nutr 2011; 6(3): 209-40. 

6. Anukam KC and Reid G. Probiotics: 100 

years (1907-2007) after Elie 

Metchnikoff’s observation, in 

communicating current research and 

educational topics and trends in applied 

microbiology. ed. Méndez-Vilas A., 466-

74. 2007 ed. (Formatex.org.): 466-74. 

7. McFarland LV. Evidence-based review of 

probiotics for antibiotic-associated 

diarrhea and Clostridium difficile 

infections. Anaerobe 2009; 15(6): 274-80. 

8. Behnsen J, Deriu E, Sassone-Corsi M, et 

al. probiotics: properties, examples, and 

specific applications. Cold Spring Harb 

Perspect Med 2013; 3(3): a010074. 

9. Doron S, Snydman DR, Gorbach SL. L. 

GG: bacteriology and clinical applications. 

Gastroenterol Clin North Am 2005; 34(3): 

483-98. 

10. Gupta V and Garg R (2009). 

Probiotics. Indian J Med Microbiol 2009; 

27(3): 202-9.  

11. Soccol C, Porto L, Rigon M, et al. The 

potential of probiotics: a review. Food 

Technol Biotech 2010; 48(4): 413-34. 

12. Park YH, Hamidon F, Rajangan C, et al. 

Application of Probiotics for the 

Production of Safe and High-quality 

Poultry Meat. Korean J Food Sci Anim 

Resour 2016; 36(5): 567-76. 

13. Weese JS, Anderson MEC, Lowe A, et al. 

Preliminary investigation of the probiotic 

potential of Lactobacillus rhamnosus 

strain GG in horses: fecal recovery 

following oral administration and safety. 

Can Vet J 2003; 44(4): 299-302. 

14. Conway PL, Gorbach SL, Goldin BR. 

Survival of lactic acid bacteria in the 

human stomach and adhesion to intestinal 

cells. J Dairy Sci 1987; 70(1): 1-12.   

15. Pant AR, Graham SM, Allen SJ, et al. 

Lactobacillus GG and acute diarrhoea in 

young children in the tropics. J Trop 

Pediatr 1996; 42(3): 162-5. 

16. Noohi N, Ebrahimipour G, Rohani M, et 

al. Phenotypic characteristics and probiotic 

potentials of Lactobacillus spp. isolated 

from poultry. Jundishapur J Microbiol 

2014; 7: e17824. 

17. Rohani M, N, Talebi M, et al. Highly 

heterogeneous probiotic Lactobacillus 

species in healthy Iranians with low 

functional activities. PLoS One 2015; 

10(12): e0144467. 

18. Yoshimi B, Fang H, Masataka H, et al. 

Effects of Lactobacillus GG Yogurt on 

Human Intestinal Microecology in 

Japanese Subjects. Nutr Today 1996; 

31(6): 12S. 

19. Noohi N, Ebrahimipour G, Rohani M, et 

al. Evaluation of potential probiotic 

characteristics and antibacterial effects of 

strains of Pediococcus species isolated 

from broiler chickens. Br Poult Sci 2016; 

57(3): 317-23.  

20. Venugopalan V, Shriner KA, Wong-

Beringer A. Regulatory oversight and 

safety of probiotic use. Emerg Infect Dis 

2010; 16(11): 1661-5. 

https://en.wikipedia.org/wiki/J._Dairy_Sci.


  Lactobacillus rhamnosus Gorbach-Goldin (GG) …                                                                                                              Papizadeh M, et al. 

                                                                                                                                  

      J Med Bacteriol.                   Vol. 5, No. 5, 6 (2016): pp.46-59                 jmb.tums.ac.ir        
55 

  

21. Ganguli K and Walker WA. Probiotics in 

the prevention of necrotizing enterocolitis. 

J Clin Gastroenterol 2011; 45: 3. 

22. Carr FJ, Chill D, Maida N. The lactic acid 

bacteria: a literature survey. Crit Rev 

Microbiol 2002; 28(4): 281-370. 

23. De Vecchi E and Drago L. Lactobacillus 

sporogenes or Bacillus coagulans: 

Misidentification or mislabelling? Int J 

Probiot Prebiot 2006; 1: 3-10. 

24. Chang YH, Jung MY, Park IS, Oh HM. 

Sporolactobacillus vineae sp. nov., a 

spore-forming lactic acid bacterium 

isolated from vineyard soil. Int J Syst Evol 

Microbiol 2008; 58: 2316-20. 

25. Arumugam M, Raes J, Pelletier E, et al. 

Enterotypes of the human gut microbiome. 

Nature 2011; 473: 174-80. 

26. Kleerebezem M and Hugenholtz J.  

Metabolic pathway engineering in lactic 

acid bacteria. Curr Opin Biotechnol 2003; 

14: 232-7. 

27. Hedberg M, Hasslöf P, Sjöström I, et al. 

Sugar fermentation in probiotic bacteria--

an in vitro study. Oral Microbiol Immunol 

2008; 23(6): 482-5. 

28. Emiliano J, Juarez M, Savoy G, et al.  

Microbiology applicability of a 

Lactobacillus amylovorus strain as co-

culture for natural folate bio-enrichment of 

fermented milk. Int J Food Microbiol 

2014; 191: 10-6. 

29. Reid G. The growth potential for dairy 

probiotics. International Dairy Journal 

2015; 49: 16-22.  

30. Gorbach SL. and Goldin BR. U.S. Patent. 

1989; 4839281.  

31. Coudeyras S, Marchandin H, Fajon C, et 

al. Taxonomic and Strain-Specific 

Identification of the Probiotic Strain 

Lactobacillus rhamnosus 35 within the 

Lactobacillus casei Group. Appl Environ 

Microbiol 2008; 74(9): 2679-89.  

32. Banks JM, Williams AG, The role of the 

nonstarter lactic acid bacteria in Cheddar 

cheese ripening. Int J Dairy Technol 2004; 

57(2–3): 145-52.  

33. Manley KJ, Fraenkel MB, Mayall BC, et 

al. Probiotic treatment of vancomycin-

resistant enterococci: a randomised 

controlled trial. Med J Aust 2007; 186(9): 

454-7.  

34. Gorbach SL, Chang TW, Goldin B. 

Successful treatment of relapsing 

Clostridium difficile colitis with 

Lactobacillus GG. The Lancet 1987; 

2(8574): 1519. 

35. Biller JA, Katz AJ, Flores AF, et al. 

Treatment of recurrent Clostridium 

difficile colitis with Lactobacillus GG. J 

Pediatr Gastroenterol Nutr 1995; 21(2): 

224-6. 

36. Gorbach SL. The Discovery of 

Lactobacillus GG. Nutr Today 1996; 

31(6): (suppl.): 2S-4S. 

37. Dong MY, Chang TW, Gorbach SL. 

Effects of feeding Lactobacillus GG on 

lethal irradiation in mice. Diagn Microbiol 

Infect Dis 1987; 7(1): 1-7. 

38. Isolauri E, Juntunen M, Rautanen T, et al. 

A human Lactobacillus strain 

(Lactobacillus casei sp. strain GG) 

promotes recovery from acute diarrhea in 

children. Pediatrics 1991; 88(1): 90-7. 

39. Isolauri E, Kirjavainen P, Salminen S. 

Probiotics: a role in the treatment of 

intestinal infection and inflammation?. Gut 

2002; 50(Suppl 3): iii54–iii59. 

40. Vanderhoof JA, Whitney DB, Antonson 

DL, et al. Lactobacillus GG in the 

prevention of antibiotic-associated 

diarrhea in children. J Pediatr 1999; 

135 (5): 564-8.  

41. Guandalini S, Pensabene L, Zikri MA et al. 

Lactobacillus GG administered in oral 

rehydration solution to children with acute 

https://en.wikipedia.org/wiki/Med_J_Aust
http://www.sciencedirect.com/science/article/pii/S0022347699700533
http://www.sciencedirect.com/science/article/pii/S0022347699700533
http://www.sciencedirect.com/science/article/pii/S0022347699700533


  Lactobacillus rhamnosus Gorbach-Goldin (GG) …                                                                                                              Papizadeh M, et al. 

                                                                                                                                  

      J Med Bacteriol.                   Vol. 5, No. 5, 6 (2016): pp.46-59                 jmb.tums.ac.ir        
56 

  

diarrhea: a multicenter European trial. J 

Pediatr Gastroenterol Nutr 2000; 30(1): 

54-60.  

42. Hatakka K, Savilahti E, Pönkä A, et al. 

Effect of long term consumption of 

probiotic milk on infections in children 

attending day care centres: double blind, 

randomised trial. BMJ 2001; 322(7238): 

1327.   

43. Van Niel CW, Feudtner C, Garrison MM, 

et al. Lactobacillus therapy for acute 

infectious diarrhea in children: a meta-

analysis. Pediatrics 2002; 109(4): 678-84.   

44. Ridwan BU, Koning CJ, Besselink MG, et 

al.  Antimicrobial activity of a multispecies 

probiotic (Ecologic 641) against pathogens 

isolated from infected pancreatic necrosis. 

Lett Appl Microbiol 2008; 46(1): 61-7.  

45. Canaani RB, Cirillo P, Terrin G, et al. 

Probiotics for treatment of accute 

diarrhoea in children: randomised clinical 

trial of five different 

preparations. BMJ 2007; 335(7615): 340.   

46. Österlund P, Ruotsalainen T, Korpela R, et 

al. Lactobacillus supplementation for 

diarrhoea related to chemotherapy of 

colorectal cancer: a randomised study. Br 

J Cancer 2007; 97(8): 1028-34.   

47. Hojsak I, Snovak N, Abdović S, et al. 

Lactobacillus GG in the prevention of 

gastrointestinal and respiratory tract 

infections in children who attend day care 

centers: A randomized, double-blind, 

placebo-controlled trial. Clin Nutr 2009; 

29(3): 312-6.   

48. Boyle RJ, Bath-Hextall FJ, Leonardi-Bee 

J, et al. Probiotics for the treatment of 

eczema: a systematic review. Clin Exp 

Allergy 2009; 39(8): 1117-27. 

49. Nanji AA, Khettry U, Sadrzadeh SM. 

Lactobacillus feeding reduces 

endotoxemia and severity of experimental 

alcoholic liver (disease). Proc Soc Exp 

Biol Med 1994; 205(3): 243-7. 

50. Forsyth CB, Farhadi A, Jakate SM, et al. 

(2009). Lactobacillus GG treatment 

ameliorates alcohol-induced intestinal 

oxidative stress, gut leakiness, and liver 

injury in a rat model of alcoholic 

steatohepatitis. Alcohol 2009; 43(2): 163-

72.   

51. Francavilla R, Miniello V, Magistà AM, et 

al. A randomized controlled trial of 

Lactobacillus GG in children with 

functional abdominal pain. 

Pediatrics 2010; 126(6): e1445-52.  

52. Wang Y, Liu Y, Sidhu A, et 

al. Lactobacillus rhamnosus GG culture 

supernatant ameliorates acute alcohol-

induced intestinal permeability and liver 

injury. Am J Physiol Gastrointest Liver 

Physiol 2012; 303(1): G32-41.    

53. Sanchez M, Darimont C, Drapeau V, et al. 

Effect of Lactobacillus 

rhamnosus CGMCC1.3724 

supplementation on weight loss and 

maintenance in obese men and 

women. Brit J Nutr 2014; 111(8): 1507-

19.  

54. Waigankar  SS and Patel V. Role of 

probiotics in urogenital healthcare. J 

Midlife Health 2011; 2(1): 5-10. 

55. Cribby S, Michelle Taylor M, Gregor Reid 

G. Vaginal Microbiota and the Use of 

Probiotics. Interdiscip Perspect Infect Dis 

2008; 2008: 256-490. 

56. Meurman JH, Antila H, Salminen S. 

Recovery of Lactobacillus Strain GG 

(ATCC 53103) from Saliva of Healthy 

Volunteers after Consumption of Yoghurt 

Prepared with the Bacterium. MEHD 

1994; 7: 295-8. 

57. Silva M, Jacobus NV, Deneke C, et al. 

Antimicrbial substance from a human 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC32161
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC32161
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC32161
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC32161
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1949444
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1949444
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1949444
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1949444
https://en.wikipedia.org/wiki/BMJ
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2360429
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2360429
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2360429
https://en.wikipedia.org/wiki/Br._J._Cancer
https://en.wikipedia.org/wiki/Br._J._Cancer
https://en.wikipedia.org/wiki/Clin._Nutr.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2675276
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2675276
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2675276
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2675276
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2675276
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404581
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9212991&fileId=S0007114513003875
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9212991&fileId=S0007114513003875
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9212991&fileId=S0007114513003875
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9212991&fileId=S0007114513003875
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9212991&fileId=S0007114513003875
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC174909


  Lactobacillus rhamnosus Gorbach-Goldin (GG) …                                                                                                              Papizadeh M, et al. 

                                                                                                                                  

      J Med Bacteriol.                   Vol. 5, No. 5, 6 (2016): pp.46-59                 jmb.tums.ac.ir        
57 

  

Lactobacillus strain". Antimicrob Agents 

Chemother 1987; 31(8): 1231-3.   

58. Siitonen S, Vapaatalo H, Salminen S, et al. 

Effect of Lactobacillus GG yoghurt in 

prevention of antibiotic associated 

diarrhoea. Ann Med 1990; 22(1): 57-9. 

59. Goldin BR, Gorbach SL, Saxelin M, et al. 

Survival of Lactobacillus species (strain 

GG) in human gastrointestinal tract. Dig 

Dis Sci 1992; 37(1): 121-8. 

60. Kaila M, Isolauri E, Soppi E, et al. 

Enhancement of the circulating antibody 

secreting cell response in human diarrhea 

by a human Lactobacillus strain. Pediatr 

Res 1992; 32(2): 141-4. 

61. Isolauri E, Majamaa H, Arvola T, et al. 

Lactobacillus casei strain GG reverses 

increased intestinal permeability induced 

by cow milk in suckling rats. 

Gastroenterology 1993; 105(6): 1643-50. 

62. Guandalini S. Probiotics for prevention 

and treatment of diarrhea. J Clin 

Gastroenterol 2011; 45 Suppl: S149-53. 

63. Kalliomäki M, Salminen S, Arvilommi H, 

et al. Probiotics in primary prevention of 

atopic disease: a randomised placebo-

controlled trial. The Lancet 2001; 

357(9262): 1076-9.  

64. Kalliomäki M, Salminen S, Poussa T, et al. 

Probiotics during the first 7 years of life: a 

cumulative risk reduction of eczema in a 

randomized, placebo-controlled trial. J 

Allergy Clin Immunol 2007; 119(4): 1019-

21.   

65. Avlami A, Kordossis T, Vrizidis N, et al. 

Lactobacillus rhamnosus endocarditis 

complicating colonoscopy. J Infect 2001; 

42: 283-285. 

66. Salminen MK, Tynkkynen S, Rautelin H, 

et al. Lactobacillus bacteremia during a 

rapid increase in probiotic use 

of Lactobacillus rhamnosus GG in 

Finland. Clin Infect Dis 2002; 35(10): 

1155-60.  

67. Salminen MK, Rautelin H, Tynkkynen S, 

et al. Lactobacillus bacteremia, clinical 

significance, and patient outcome, with 

special focus on probiotic L. rhamnosus 

GG. Clin Infect Dis 2004; 38(1): 62-9.  

68. Saxelin, M. Lactobacillus GG—a human 

probiotic strain with thorough clinical 

documentation. Food Rev Int 1997; 13: 

293-313. 

69. Broccali G, Berti M, Pistolesi E, et al. 

Study of the effect of lactobacillus GG 

supplementation in combination with and 

without arginine aspartate on lipoproteins 

and liver peroxidation in cholesterol-fed 

rats. Int J Food Sci Nutr 2000; 51(6): 475-

82.  

70. Näse L1, Hatakka K, Savilahti E, et al. 

Effect of long-term consumption of a 

probiotic bacterium, Lactobacillus 

rhamnosus GG, in milk on dental caries 

and caries risk in children. Caries Res 

2001; 35(6): 412-20.  

71. Armuzzi A, Cremonini F, Bartolozzi F, et 

al. The effect of oral administration of 

Lactobacillus GG on antibiotic-associated 

gastrointestinal side-effects during 

Helicobacter pylori eradication therapy. 

Aliment Pharmacol Ther 2001; 15(2): 163-

9. 

72. Walter J. The ecological role of lactobacilli 

in the gastrointestinal tract: Implications 

for fundamental and biomedical 

research. Appl Environ Microbiol 2008; 

74(16): 4985-96. 

73. Muraro A, Hoekstra MO, Meijer Y, et al. 

Extensively hydrolysed casein formula 

supplemented with Lactobacillus 

rhamnosus GG maintains hypoallergenic 

status: randomised double-blind, placebo-

controlled crossover trial. BMJ Open 

2012; 2(2): e000637. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC174909
https://en.wikipedia.org/wiki/The_Lancet
https://en.wikipedia.org/wiki/Clin._Infect._Dis.
https://en.wikipedia.org/wiki/Appl._Environ._Microbiol.


  Lactobacillus rhamnosus Gorbach-Goldin (GG) …                                                                                                              Papizadeh M, et al. 

                                                                                                                                  

      J Med Bacteriol.                   Vol. 5, No. 5, 6 (2016): pp.46-59                 jmb.tums.ac.ir        
58 

  

74. Kankainen M, Paulin, L, Tynkkynen S, et 

al. Comparative genomic analysis of 

Lactobacillus rhamnosus GG reveals pili 

containing a human-mucus binding 

protein. Proc Natl Acad Sci SA 2009; 

106(40): 17193-8.  

75. Segers ME and Lebeer S. Towards a better 

understanding of Lactobacillus rhamnosus 

GG--host interactions. Microb Cell Fact 

2014; 29; 13 Suppl 1:S7. 

76. Reid G and Bruce AW. Selection of 

Lactobacillus Strains for Urogenital 

Probiotic Applications. J Infect Dis 2001; 

183: Suppl 1: S77-S80. 

77. Morita H, Toh H, Oshima K, Murakami M, 

Taylor TD, Igimi S, Hattori M. Complete 

genome sequence of the probiotic 

Lactobacillus rhamnosus ATCC 53103. J 

Bacteriol 2009; 191(24): 7630-1.  

78. Von Wright A. Regulating the safety of 

probiotics--the European approach. Curr 

Pharm Des 2005; 11(1): 17-23. 

79. Reid G, Kim SO, Köhler GA. Selecting, 

testing and understanding probiotic 

microorganisms. FEMS Immunol Med 

Microbiol 2006; 46(2): 149-57. 

80. Saldanha LG. US Food and Drug 

Administration regulations governing 

label claims for food products, including 

probiotics. Clin Infect Dis 2008; 1(46) 

Suppl 2: S119-21; discussion S144-51. 

81. Roberfroid MB. Concepts and strategy of 

functional food science: the European 

perspective1, 2, 3. Am J Clin Nutr 20007; 

1(6): 1660-4. 

82. Gismondo MR, Drago L, Lombardi A. 

Review of probiotics available to modify 

gastrointestinal flora. Int J Antimicrob 

Agents 1999; 12: 287-92. 

83. Chow  J. Probiotics and prebiotics: A brief 

overview. J Ren Nutr 2002; 12: 76-86. 

84. Shah N.P. Functional cultures and health 

benefits. Int Dairy J 2007; 17: 1262-77. 

85. Savard P, Lamarche B, Paradis ME, et al. 

Impact of Bifidobacterium animalis subsp. 

lactis BB-12 and, Lactobacillus 

acidophilus LA-5-containing yoghurt, on 

fecal bacterial counts of healthy adults. Int 

J Food Microbiol 2011; 149(1): 50-7. 

86. Jungersen M, Wind A, Johansen E, et al. 

The Science behind the Probiotic Strain 

Bifidobacterium animalis subsp. lactis 

BB-12®. Microorganisms 2014; 2(2), 92-

110. 

87. Merenstein DJ, Tan TP, Molokin A, et al. 

Safety of Bifidobacterium animalis subsp. 

lactis (B. lactis) strain BB-12-

supplemented yogurt in healthy adults on 

antibiotics: a phase I safety study. Gut 

Microbes 2015; 6(1): 66-77. 

88. Kim WS, Tanaka T, Kumura H, et al. 

Lactoferrin-binding proteins in 

Bifidobacterium bifidum. Biochem Cell 

Biol 2002; 0(1): 91-4. 

89. Bartosch S, Woodmansey EJ, Paterson 

JCM, et al. Microbiological effects of 

consuming a synbiotic containing 

Bifidobacterium bifidum, Bifidobacterium 

lactis, and Oligofructose in elderly 

persons, determined by Real-Time 

polymerase chain reaction and counting of 

viable bacteria. Clin Infect Dis 2005; 

40(1): 28-37. 

90. Ward AR (1901) Bacillus lactis viscosus; 

a cause of ropiness in milk and cream. J 

Boston Soc Med Sci 1901; 5(7): 386. 

91. Wei-Yin Ng E. Effect of starter cultures on 

Lactobacillus acidophilus survival and 

gene expression in yogurt. Master of 

Science thesis. Obispo. Polytechnic State 

University, San Luis Obispo, California, 

USA; 2009.  

92. Ringel-Kulka T, Palsson OS, Maier D, et 

al. Probiotic bacteria Lactobacillus 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2746127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2746127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2746127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2746127
https://en.wikipedia.org/wiki/Proc_Natl_Acad_Sci_USA


  Lactobacillus rhamnosus Gorbach-Goldin (GG) …                                                                                                              Papizadeh M, et al. 

                                                                                                                                  

      J Med Bacteriol.                   Vol. 5, No. 5, 6 (2016): pp.46-59                 jmb.tums.ac.ir        
59 

  

acidophilus NCFM and Bifidobacterium 

lactis Bi-07 versus placebo for the 

symptoms of bloating in patients with 

functional bowel disorders: a double-blind 

study. J Clin Gastroenterol 2011; 45(6): 

518-25. 

93. Shah N. P. Health benefits of yogurt and 

fermented milks, in manufacturing yogurt 

and fermented milks (eds R. C. Chandan 

and A. Kilara), John Wiley & Sons, 

Oxford, UK; 2013. 

94. Shah N. P. Other dairy products: yogurt, 

kefir, kumys, in the oxford handbook of 

food fermentations (eds. Bamforth CW 

and Ward RE), Oxford University Press, 

Oxford, UK; 2014. 

95. Cats A, Kuipers EJ, Bosschaert MA, et al. 

Effect of frequent consumption of a 

Lactobacillus casei-containing milk drink 

in Helicobacter pylori-colonized subjects. 

Aliment Pharmacol Ther 2003; 17(3): 429-

35.   

96. Randazzo CL, Restuccia C, Romano AD, 

et al. Lactobacillus casei, dominant 

species in naturally fermented Sicilian 

green olives. Int J Food Microbiol 2004; 

90(1): 9-14.  

97. Seesuriyachan P, Takenaka S, Kuntiya A, 

et al. Metabolism of azo dyes by 

Lactobacillus casei TISTR 1500 and 

effects of various factors on 

decolorization. Water Res 2007; 41(5): 

985-92.  

98. Eun CS, Kim YS, Han DS, et al. 

Lactobacillus casei prevents impaired 

barrier function in intestinal epithelial 

cells. APMIS 2011; 119(1): 49-56. 

99. Zakostelska Z, Kverka M, Klimesova K, et 

al. Lysate of probiotic Lactobacillus casei 

DN-114 001 ameliorates colitis by 

strengthening the gut barrier function and 

changing the gut microenvironment. PLOS 

ONE 2011; 6(11): e27961.   

100. Gan BS, Kim J, Reid G, et al. 

Lactobacillus fermentum RC-14 Inhibits 

Staphylococcus aureus Infection of 

Surgical Implants in Rats. J Infect Dis 

2002; 185(9): 1369-72. 

101. Gardiner GE, Heinemann C, Bruce AW, et 

al. Persistence of Lactobacillus fermentum 

RC-14 and Lactobacillus rhamnosus GR-

1 but not L. rhamnosus GG in the human 

vagina as demonstrated by randomly 

amplified polymorphic. DNA Clin Diagn 

Lab Immunol 2002; 9(1): 92-96. 

102. Reid G, Charbonneau D, Erb J, et al. Oral 

use of Lactobacillus rhamnosus GR-1 and 

L. fermentum RC-14 significantly alters 

vaginal flora: randomized, placebo-

controlled trial in 64 healthy women. 

FEMS Immunol Med Microbiol 2003; 

35(2): 131-4. 

103. Taverniti V and Guglielmetti S. Health-

Promoting Properties of Lactobacillus 

helveticus. Front Microbiol 2012; 3: 392. 

104. Prajapati JB, Khedkar CD, Chitra J, et al. 

Whole-genome shotgun sequencing of 

Lactobacillus rhamnosus MTCC 5462, a 

strain with probiotic potential. J Bacteriol 

2012; 194(5): 1264-5. 

105. Ceapa C, Davids M, Ritari J, et al. The 

Variable Regions of Lactobacillus 

rhamnosus Genomes Reveal the Dynamic 

Evolution of Metabolic and Host-

Adaptation Repertoires. Genome Biol Evol 

2016; 8(6): 1889-905. 




