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Definition of “Probiotics” 

 The World Health Organization (WHO) and 

the Food and Agriculture Association (FAO) 

define probiotics as:  

 

“Live microorganisms that when consumed 

in adequate amounts confer a health 

benefit on the host.” 

 

 



Human Microbiome Project 

 The Human Microbiome Project (HMP) 

aims to characterize the microbial communities 

found at several different sites on the human 

body, including nasal passages, oral cavities, 

skin, gastrointestinal tract, and urogenital tract, 

and to analyze the role of these microbes in 

human health and disease.  

 

 
http://commonfund.nih.gov/hmp/ 



Numbers and species of the most common bacteria in 

the various parts of the alimentary tract 

>103 CFU/g 

>1012 CFU/g 

>103-5 CFU/g 

The number of hosted microbes is considered to be 10 

times more than the total number of human cells 

Microbiota 1014 

bacteria ,      

more than 500 

different species  



The Digestive System 

 

Normal intestinal flora 

contains100 trillion  

organisms from  

400 different species 
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Inhibit adhesion of 
pathogen cells 

Produce surface- 
active substances Produce  

hydrogen 
peroxide 

Inhibit growth  
of pathogen cells 
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acids Produce 
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Probiotics – Mechanisms of Action 

Probiotic  strains 



Some probiotic strains with scientific 

documentation on beneficial effects 

 lactobacillus johnSonii LA1 

 lactobacillus rhamnosus GG 

 lactobacillus acidophilus NCFB 1748 

 lactobacillus acidophilus 74-2 

 Lactobacillus  gasseri ADH 

 Lactobacillus reuteri ATCC 55370 

 lactobacillus paracasei subs. paracasei  Shirota 

 L. paracasei  suhsp. subs. paracasei  Actimel 

 lactobacillus plantarum DSM 9843 

 Streptococcus thermophilus  

 L. delbl: subsp. bulgaricus 

 Bifidobacterium lactis BB-12 

 Bifiaidobacterium longum BB- 536 



Probiotics in the Current Marketplace 

 Growing public and scientific interest in 

probiotics 

 

 Global probiotic market estimated at billions of 

dollars per year 

 

 Hundreds of probiotics available as food, dietary 

supplements, skin and pet products 

 

 



Awareness of Probiotics in the Current Marketplace 

Natural Marketing Institute (NMI) 2009 Supplement/OTC/Rx Database™ 



Increasing number of dietary supplement probiotic 

product launches in 2007 (driven by Europe) 
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Scientific interest in probiotics has 

grown significantly since 2000… 
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PubMed Articles on Probiotics (#)  
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Not Allowable Claims 

The FDA does not allow any statements on a food or supplement 
that would communicate benefits on: 
 
Reducing the risk of acute diseases (colds, flu, GI infections) 

 
Managing symptoms in people who are not healthy (in-patients) 

 
Improving therapeutic efficacy of a drug 

 
Managing side effects of a drug (e.g., antibiotics) 
   (Even if such use is recognized as safe in the target  
   populations) 



• Probiotics in the US are food or dietary 
supplements and therefore regulated by the 
Dietary Supplements Health and Education Act 
(DSHEA) 

 

 

• Claims are required by FDA to be “truthful and 
not misleading” and supported by “competent 
and reliable scientific evidence” 

 



DSHEA: Probiotic Claims 

Supports a healthy immune system* 
Helps keep your microflora in balance* 

Helps build and maintain a healthy digestive system* 
 
 
 

Disclaimer: 
 
 *This statement has not been evaluated by the Food and Drug 

Administration.  
This product is not intended to diagnose, treat, cure, or prevent 
any disease. 

DSHEA: Dietary Supplements Health and Education Act  





Probiotics: Quality Control 

• Source (animal vs human; normal vs diseased) 

• Formulation (vehicle) 

• Safety (in at risk populations) 

• Characterization (strain purity) 

• Viability & Activity (Cfu delivered) 

• Dose (Dose-response studies) 

• Combinations/cocktails (Different effects of different 

bacterial strains) 

 



Safety of Probiotics 

• The safety of probiotics is strain-specific.  
 

• The genus and species of the microbe being used should be assessed 
with respect to: 
– Genetic stability,  
– Metabolic activities,  
– Potential for pathogenicity or toxicogenicity 
– Method of administration 
– Level of exposure,  
– Health status of the users  
– Physiologic functions 

 
• Although probiotics marketed as foods and dietary supplements 

should be safe for the generally healthy population, their safety has 
not been asserted on individuals with underlying health conditions. 



There have been some reports that have identified 
LAB associated with clinical pathological 
conditions such as bacteraemia (Bayer et al. 
1978) and occasionally endocarditis and abscess 
(Aguirre and Collins 1993), it is unlikely that LAB 
were the causative agents of these cases (Gasser 
1994).  

 

safety assessments  



• Safety concerns have been raised, however, 
because  probiotic LAB have been isolated from 
patients with  

• endocarditis  (Presterl et al., 2001; Wallet et al., 
2002; Zé-Zé et al., 2004), 

•  sepsis (Salminen et al., 2004; Ha et al., 1999; 
Aguirre and Collins, 1993), 

•  liver abscesses (Rautio et al., 1999; Cukovic-
Cavka et al., 2006)  

• urinary tract infections (Aznar et al., 2004).  
• Recently, probiotics were associated with an 

increased risk of mortality in patients with severe 
acute pancreatitis (Besselink et al., 2008). 
 



Side Effects of Probiotics 

• Rare cases cause bloating, diarrhea, abdominal pain. 

• People having on underlying disease or compromised immune 
system cause potential health problems like skin rash, fever, 
bloody stools etc. 

• Sometimes interact with immuno-supressive drugs leading to life 
threat conditions. So people taking such drugs should avoid it. 

• Although there have been some reports that have identified LAB 
associated with :  

• bacteraemia (Bayer et al. 1978)  

• endocarditis and abscess (Aguirre and Collins 1993), 

 



  Thus,  

safety assessments 

 are recommended for  

probiotic strains 

 that are aimed to be incorporated into 
food products . 

 

 



Translocation by intestinal bacteria  
 • Translocation by intestinal bacteria is facilitated by 

numerous factors  including : 

• intestinal mucosal injury, 

•  immunodeficiency, 

•  gut prematurity 

• and abnormal bacterial flora (e.g. overgrowth)  

• Risk factors for translocation have been studied in the 
mouse model.  Zhou et al.  evaluated whether 3 
probiotics (Lactobacillus rhamnosus HN001 (DR20(TM), 
Lactobacillus acidophilus HN017 and Bifidobacterium 
lactis HN019 (DR10)) could translocate and cause 
invasive infection in an oral mouse model.  



Safety of probiotics 
 

• adhesion of Lactobacillus spp, 
to human intestinal mucosa of 
patients with diverticulitis, 
rectal carcinoma, and irritable 
bowel disease (IBD) (Ouwehand 
et al. ) 

• All strains were more adherent 
to mucus than whole tissue.  

 
However, it is not clear whether the in-vitro finding of 
greater adherence to mucus predicts ability of the 
bacteria to translocate. 

//upload.wikimedia.org/wikipedia/commons/8/83/Diverticula,_sigmoid_colon.jpg


• In February 2008, Besselink et al. reported the results of a 
randomized clinical trial in which a 16 percent mortality 
rate was observed in patients with predicted acute  
pancreatitis who were treated with a multispecies 
probiotic preparation consisting of 4 Lactobacillus species 
and 2 Bifidobacteria species, vs. 6 percent mortality in the 
placebo treated group . 

•  There were 9 cases of bowel ischemia in the probiotic 
treated patients, 8 of whom died, vs. no cases in the 
placebo group.  

• The reason for the excess deaths is still unanswered 

 



 



 



The Safety of Probiotics in Foods in 
Europe 

and Its Legislation 
 



• in Europe the annual consumption of pure 
LAB biomass, from fermented dairy products 
alone is estimated to be 3400 t 

 



Safety Assessment of Probiotics  
 

• 1) Acute Toxicity 

• 2) Endocarditis 
• 3) Effect on the Immune System 
• 4) Metabolism 
• 5) Hemolysis 
• 6) Resistance to Human Serum-Mediated Killing 
• 7) Induction of Respiratory Burst 
• 8) Platelet Aggregation 
• 9) Adhesion to Extracellular Matrix Proteins and Intestinal Mucus 
• 10) Adhesion to Tissue Culture Cells 
• 11) Phosphatidyl-inositol-Specific Phospholipase C (PI-PLC) Activity 
• 12) Mucinolytic Activity 
• 13) Antibiotic Resistance  
• 14) Taxonomy 



1) Acute Toxicity 
 • The toxicity of LAB strains to the GI tract 

mucosa is considered an important aspect of 
safety, as most probiotics are intended for oral 
consumption. 

• Balb-c, Swiss mice or Lewis rats are commonly 
used to assess acute toxicity. 

• Bacteria (107–1010 CFU/ml) can be added to the 
drinking water for 8 to 10 d, 50 µl of bacterial 
suspension can be orally fed for 28 d, or 1 ml 
bacterial suspension can be given by gavages 
for 7 d.  

 

 



Acute Toxicity 

• 1) Changes in activity, behavior, and general health are observed daily. 
• 2) Water intake, feed intake, and body weight are measured weekly. 
•  3) pathological changes:  The animals are euthanized after the 

experiments, and the organs are examined for gross pathological 
changes .  

• 4) mucin degradation:  The contents of the distal part of the ileum, 
cecum, and colon can be dissolved and homogenized, after which 
mucin degradation can be determined colorimetrically .  

• 5) Bacterial translocation can be measured by plating blood samples 
taken by cardiac puncture and by plating homogenized tissue samples 
of the mesenteric lymph nodes, spleen, and liver.  

                A :   Microbiological :The plates are incubated at 37˚C for 72 h.  
                B:    The organisms are identified by randomly amplified 
                        polymorphic DNA (RAPD) polymerase chain reaction (PCR) .  
• 6) Histological examination:  part of  the stomach, distal part of the 

ileum, cecum, and colon are removed, fixed  for histological 
examination 





2) Endocarditis 
• L. casei and L. rhamnosus are the organisms most 

commonly associated with infective endocarditis 
(IE), although the incidence of Lactobacillus 
endocarditis is very low . 

•  Nevertheless, a European Union-sponsored 
workshop organized by the Lactic Acid Bacteria 
Industrial Platform proposed that the safety of 
each strain should be assessed . 

•  Several models of IE have been developed, such 
as a rabbit model using specific-pathogen-free 
male Japanese white rabbits.  



Endocarditis 

• In this model, a polyethylene catheter is passed down 
the artery and positioned in the left ventricle.  

• During 7 to 10 d, small vegetations of platelets and 
fibrin can form on the tricuspid valve or the 
endocardium at points of contact with the catheter.  

• After this period, 1 ml of bacterial suspension, (109 

CFU/ml), is injected into the marginal ear vein. 
• Blood samples are taken at intervals from the opposite 

marginal ear vein. 
•   The animals are killed, and small pieces of liver, 

spleen, and vegetations at the heart valve are 
removed, weighed, and homogenized in 1 ml of saline. 

• The blood samples and organ samples at 0.1 ml are 
plated, and colony counts are performed. 
 



Several models have been developed to study  the effect of LAB on the immune system.  

3) Effect on the Immune System 
cytokine profiles  

 



Local cytokine profiles either T helper cell type 1 
(Th1) immunogenic responses, which may be the 
predominant response in autoimmune diseases,  
or T helper cell type 2 (Th2) tolerogenic responses, 
which may contribute to diseases such as atopic 
allergy . 
 The pro-inflammatory cytokines secreted by the 
epithelium, such as TNF-α, IL-1, IL-6, IL-8, and IL-
12, are the hallmarks of the inflammatory 
responses of the intestine .  
TEST: ELISA      & 
         Experimental Autoimmune Encephalomyelitis  



• In mice, strain-dependent cytokine profiles are 
induced after oral administration of Lactobacillus . 

• In SJL/J mice, lactobacilli are able to enhance or 
inhibit the development of disease after induction of 
experimental autoimmune encephalomyelitis (EAE) . 

• Female SJL/J  mice 6 to 12 weeks old, which have a 
low microbiological burden and low IgE levels, or 
BALB/c mice, which are Th2 biased, are used.  

• The mice receive a 1010 CFU/ml bacterial suspension 
intra gastrically on 5 alternating days to create a 
continuous high level of lactobacilli. 

•  On day 0, the mice are subcutaneously immunized 
with 50 to 300 µg proteolipid protein (PLP 139-151) 
in Freund’s complete adjuvant to induce acute EAE.  
 



• On days 0 to 1 and days 2 to 3 the mice are 
intravenously injected with 1010 CFU/ml of Bordetella 
pertussis to affect the integrity of the blood-brain 
barrier. 

•  The severity of the EAE can be scored using the 
disability scale:  

• 0 = no clinical signs,  
• 1 = tail weakness,  
• 2 = mild paralysis and ataxia of the hind legs, 
•  3 = severe paralysis or ataxia of the hind legs,  
• 4 = moribund 
•  5 = death due to EAE.  
• EAE develops at days 12 to 16 after immunization with 

a highest score of 3.  
 



• Blood samples are taken by tail vein puncture on 
different days.  

• ELISA  is used to detect anti-PLP (Proteolipid Protein) 
antibodies. 

•  Immunohistochemical analysis is performed on 
cryosections (8 µm) from snap frozen material.  

• For the detection of cytokine profiles( IL-1α, IL-1β, 
IL-2, IL-4, IL-10, IFN-γ, and TNF-α), monoclonal 
antibodies with an anti-mouse/rat Ig-biotin (Dako) 
and an HRP-labeled avidin-biotin complex (Dako) 
are used . 

 



Resistence to bile Resistence to low pH 

18 h 

MRS + bile 

0.1%   0.3%   0.5%   1% 

PBS + HCl 

pH 

1      2      3      4      5 

Incubation at 37 °C for 1, 2 and 3 hours 

DETERMINATION OF VIABLE COUNTS 

4) Metabolism 
 



Bile salts 

 



 



Metabolism 
 • Lactobacilli are capable of transforming 

conjugated primary bile salts into free 
deconjugated and secondary dehydroxylated bile 
salts in the small bowel . 

• The free bile salts may induce diarrhea and 
intestinal lesions , whereas secondary bile salts 
may exhibit carcinogenicity .  

• Excessive deconjugation or dehydroxylation of 
bile salts by probiotics, through production of 
the enzyme bile salt hydrolase, could therefore 
be a potential risk . 

 



• Amounts of bile salts deconjugated can be determined using 
high-performance liquid chromatography (HPLC).  

• Samples can be taken before introduction of bile salt into the 
bacterial suspension, then every 60 min for 6 h and after 24 h.  

• For quantification of conjugated bile salts, 200 µl of sample is 
mixed with 50 µl of internal standard (dexamethasone); 20 µl 
of the mixture is then passed through a 0.45-µm nylon filter 
and injected into the HPLC.  

• For quantification of free bile salts, 200 µl of cholic acid is 
filtered through a 0.45-µm polysulfone filter and mixed with 
50 µl internal standard (testosterone). Of this mixture, 20 µl is 
then injected into the HPLC.  

• For quantification of deconjugated bile salts, 2 ml of sample is 
resuspended in 8 ml 0.9% NaCl in 0.1 M NaOH and 6 ml of 
mobile phase. The bile salts are recovered by passage through 
a Sep-Pac cartridge. Dexamethasone is added to the mobile 
phase as an internal standard.  



• LAB can produce two stereo-isomers of lactic acid, D and L lactic acid. 
Since some LAB also have racemases, some strains will produce D/L 
lactate. 

• L-lactate is readily metabolised whereas the D-isomer is not. 

•  There have been concerns about infants, in particular, ingesting high 
levels of D-lactic acid and there is a maximum recommended intake 
level for D-lactate.  

• Because Lb. acidophilus produces D-lactic acid there is some interest 
in using other probiotic lactobacilli or bifidobacteria in products for 
babies and young children. 

•  Several cases of D-lactic acid acidosis have been described in 
patients that have had intestinal bypass surgery. 

•  This condition is associated with transient neurological symptoms 
including headaches, weakness and visual disturbances 

• . The D-lactic acid acidosis has been shown to be due to the 
overgrowth of Lb. acidophilus in the small intestine, generally due to 
its selection by antibiotic therapy.  



Comparison of Lactic Acid Isomers Produced by  
 Lactic Acid Bacteria 

 



 



 



• Some LAB can produce  

• biogenic amines such as putrescine, cadaverine, 
histamine, tyramine and 2-phenylethylamine. 

•  Some of these can cause unpleasant reactions 
(nausea, headaches, and respiratory disorders)  

• including dangerously high blood pressure 
particularly in individuals with reduced 
monoamine oxidase (MAO) activity or those 
taking MAO inhibitors, an older class of 
antidepressant medication. Providing strains are 
screened properly biogenic amine formation 
should not be a problem 



5) Hemolysis 
 

• Hemolysis is a common virulence factor among 
pathogens that serves mainly to make iron 
available to the microbe and causes anemia and 
edema in the host. 

• Strains to be tested are grown on suitable solid 
media containing 5% human blood and 
incubated under appropriate conditions. 
Staphylococcus aureus and Bacillus cereus should 
be included as positive controls for α- and β-
hemolysis, respectively. 

 



6) Resistance to  
Human Serum-Mediated Killing 

 
• The complement system in blood can opsonize 

bacteria and facilitate their phagocytosis by 
leukocytes.  

• The activated complement system can also 
form a complex that kills bacteria . 

• Evasion of this will therefore enhance the 

survival of the bacteria after translocation. 

 



• Blood is collected from at least 10 healthy adult donors and 
allowed to clot, and the serum is pooled in equal amounts. 

•  Part of the serum has to be heated to 56˚C for 20 min to 
inactivate the complement system.  

• The bacteria (107 to 108 CFU/ml) were mixed with serum, 
heat-inactivated serum or PBS, to a final serum 
concentration of 80% and incubated aerobically 90 min at 
37˚C. 

•  The reaction is stopped by incubating the sample 10 min 
on ice and making serial dilutions in PBS.  

• Viablity test:  

         A: Dilutions are plated on appropriate media and incubated.  

          B: Alternatively, viability can be assessed using flow  cytometry 



7) Induction of Respiratory Burst 
 

• Upon phagocytosis, peripheral blood mono-
nucleocytes (PMNs) produce a burst of reactive 
oxygen species;  this will kill and digest the 
phagocytosed particles.  

• The ability to avoid the induction of such a 
respiratory burst may enhance the survival of a 
translocated microbe and hence the risk for 
infection. 

 



• Bacteria are grown under appropriate conditions, 
washed twice with HEPES-buffered Hank’s 
balanced salt solution (HH; 10 mM HEPES; pH 
7.4), and the absorbance (600 nm) is adjusted to 
0.5 ± 0.01.  

• PMNs were collected by lysing erythrocytes in 
freshly collected human blood with 0.8% NH4Cl. 
PMNs are washed and resuspended in Hank’s 
balanced salt solution. 

•  The concentration of PMNs is determined by 
flowcytometry  

• The measurement of the respiratory burst is then 
performed as described by Lilius and Marnila : 
 



Lilius and Marnila method 
• To gelatin-coated microtiter plate wells (Cliniplate; 

Labsystems, Helsinki, Finland), 25 ml Hank’s balanced salt 
solution containing 0.1% gelatin, 20 ml 5-amino-2,3-
dihydro-1,4-phthalazinedione (luminol; 10 mM), 40 ml 
bacterial suspension were added and incubated 30 min at 
37˚C. 

•  Subsequently, 40 ml PMN suspension is added. For 
background measurements, PMNs are incubated without 
bacteria. The plates are incubated at 37˚C, and 
luminescence is measured for at least 2 h with 3-min 
intervals, e.g., with a Victor2 multilable reader 
(PerkinElmer, Turku,Finland).  

• Results are presented as the maximum signal (mV/100,000 
PMNs) after subtraction of the background and as the 
average of at least three independent observations with 
PMNs from different donors. 
 



8) Platelet Aggregation 
 • The spontaneous aggregation of platelets leads to the 

formation of thrombi and edema and has been implicated 
in infective endocarditis . 

• Platelet-rich plasma (PRP) is obtained by centrifuging fresh 
citrated blood 10 min at 100 . g. 

•  Platelet-poor plasma (PPP) is obtained by further 
centrifuging 10 min at 2350 . g.  

• The PRP is adjusted with PPP to an absorbance (660 nm) of 
0.5 ± 0.01 to give a platelet concentration of approximately 
2.27  , 108/ml.  

• The ability to induce platelet aggregation by the test strains 
was determined by adding 25 µl bacteria (2 . 109 CFU/µl) to 
250 µ PRP or PPP, pre-incubated at 37◦C for 5 min.  

• A lag phase of more than 25 min can be assumed to be a 
negative aggregation .  

• Platelet aggregation is carried out in an aggrego-meter,  
 
 



9) Adhesion to Extracellular Matrix 
Proteins and Intestinal Mucus 

 • Adhesion to mucus and human intestinal epithelium has 
been proposed as one of the main criteria for selecting 
potentially promising probiotics for use in humans .  

• It is, however, also the first step in pathogenesis and 
deserves close attention. 

• Collagens are the major proteins of the extracellular matrix 
and may be exposed in injured tissue. Pathogens often 
have affinity for these proteins as this affinity will give them 
access to host tissues .  

• Fibrinogen is present in high concentrations in plasma and 
forms the structure of the blood clot. 

• It also coats the outer surface of implanted biomaterials.  
• Its presence in wounds and on foreign bodies makes 

fibrinogen an important substratum for microbial adhesion. 
 



• Human collagen type IV and fibrinogen can be purchased from, e.g., 
Sigma ; intestinal mucus can be isolated from feces of healthy adult 
volunteers by aqueous extraction and dual ethanol precipitation .  

• The substrata are passively immobilized (0.5 mg/ml) on microtiter 
plate wells by overnight incubation at 4˚°C. 

• Bacteria are grown under appropriate conditions, to the culture 
media 10 µl/ml of tritiated thymidine (methyl-1,2-[3H]thymidine, 
120 Ci/mmol) is added to metabolically radiolabel the bacteria. 
After growth, the bacteria are washed twice with PBS, and the 
absorbance (600 nm) is adjusted to 0.25 ±0.01. 

•  The bacteria are added to the wells and incubated for 1 h at 37؛C. 
• Nonbound bacteria are removed by washing twice with HH. 
•  Bound bacteria are released and lysed with 1% sodium dodecyl 

sulfate (SDS) in 0.1 M NaOH for 1 h at 60؛C.  
• Radioactivity is determined by liquid scintillation and the adhesion 

expressed as the percentage of radioactivity recovered after 
adhesion,relative to the radioactivity in the bacterial suspensions 
added to the immobilized collagen, fibrinogen, or mucus . 
 



10) Adhesion to Tissue Culture Cells 

Adhesion ability In vitro  
Caco-2 cells 

Ex vivo 

Ileum Deodenum 



Adhesion to Tissue Culture Cells 
 in vitro models  

• Culturing of Intestinal Cells 
• in vitro models involving human intestinal epithelial cell lines (derived 

from colonic adenocarcinomas) have been used extensively to assess 
the adhesive properties of probiotics: HT-29 (ATCC 38-HTB) and Caco-2 
(ATCC 2102-CRL) cells . 

• The cells are cultured in Dulbecco’s modified Eagle’s minimal essential 
medium (DMEM) supplemented with 10 to 20% heat-inactivated (56°C 
for 30 min) fetal calf or bovine serum (Life Technologies GIBCO, BRL, 
Rockville, MD) in 10% CO2/90% O2 air at 37°C . The use of 100 µg/ml 
streptomycin and 100 U/ml penicillin is recommended. 

• The medium can also be supplemented with 1% nonessential amino 
acids. For the HT-29MTX cell line, DMEM with glutamax is 
recommended. For maintenance purposes, the cells are passaged 
weekly using trypsin/EDTA and seeded in 6-well plates.  

• The medium is changed every 2 to 3 d and replaced by DMEM without 
any supplements at least 1 h prior to use for adhesion experiments. 

•  The cells are used at 2 weeks post confluence for the adhesion assays 
to allow full morphological and functional differentiation .  
 



• Bacteria are grown under appropriate conditions. Prior to the adhesion 
assay all bacterial strains are washed twice with PBS and resuspended in 
DMEM to a final concentration of 108 CFU/ml.  

• Before the adhesion experiment the cells are washed three times with 
PBS.  

• Different methods can be used to test the adhesion of bacteria to 
intestinal cells. 

•  For light microscopy, two-chamber slides or 6-well tissue culture plates 
containing glass coverslips are used on which the cells are seeded. 
Bacterial suspensions of 0.5 to 3 ml are added to each of the wells and 
incubated for 1 to 3 h at 37°C in 10% CO2/90% air.  

• The cells are then washed three to five times with PBS to remove unbound 
bacteria, fixed with acetone, and stained with Giemsa or fixed with 
methanol and stained with Gram. 

•  The number of adherent bacteria are counted in 20 random microscopic 
areas using oil immersion.  

• The assay is performed in duplicate or triplicate over several successive 
passages. Adhesion can be expressed as the number of bacteria adhering 
to 100 cells. 

Adhesion to Intestinal Cells 



• For scanning electron microscopy, the adhesion 
experiment is performed as for light microscopy, 
but the cells are fixed with 2.5% glutaraldehyde in 
0.1 M phosphate buffer for 1 h at room 
temperature.  

• After two washes with phosphate buffer, cells are 
postfixed for 30 min at room temperature with 
2% osmium tetraoxide in phosphate buffer and 
washed three times with the same buffer. 

•  The cells are dehydrated in graded series of 
ethanol and amyl acetate. Finally, the cells are 
dried in a critical point dryer and coated with . 

 

 



• For radiolabeling, the bacteria can be labeled by addition of 14C-uracil and 
14C-adenine or 14C-acetic acid or methyl-1,2-[3H] thymidine (Amersham 
International, UK). To remove excess radioactivity, the bacteria are washed 
with PBS + 0.1% sodium azide. The cells are prepared on glass coverslips in 
 

• 6-well tissue culture plates. To each well, 50 µl to 2 ml of radiolabeled bacteria 
are added and incubated for 1.5 h at 37°C in 10% CO2/90% air. The monolayers 
are washed three times with PBS to remove unattached bacteria. The  cell-
associated bacteria and intestinal cells are dissolved in 0.1% SDS/0.1 to 0.9 M 
NaOH.  

• Radioactivity is determined by liquid scintillation and the adhesion expressed 
as the percentage of radioactivity recovered after adhesion, relative to the 
radioactivity in the bacterial suspensions added to the cells. 

• The number of attached bacteria can also be enumerated by plate counting.  
• After 1-h incubation, the monolayers are washed three times with PBS to 

remove nonadherent bacteria, and the monolayers are lysed with sterilized 
distilled water. Serial dilutions are then plated to count the number of viable 
bacteria. 

• The adhesion ratio can be calculated by dividing the number of adherent 
bacteria by the number of added bacteria). For the interpretation of the 
results, the adhesion index is strongly dependent on the in vitro conditions 
used. The percentage of adhesion does not constitute an absolute value and 
has to be seen in relation to the nonadhesive control strain. 
 



In vivo TRIALS 

 Survival in the GIT 

 Adhesion 

 Competitive exclusion 

 Immune stimulation 

Open hysterotomy 

a. Neonate is removed 

b. Passed through a 

germicidal trap 

c. Transfer sleeve 

d. Sterile rearing isolator 



11) Phosphatidy-linositol-Specific 
Phospholipase C (PI-PLC) Activity 

 • PI-PLC activity will damage the host cell membrane 
and is thought to be important for translocation by 
some microbes . 

• Strains to be tested are spot inoculated on 
appropriate solid media and incubated until colonies 
are visible.  

• Thereafter, PI-PLC activity can be determined by 
applying  an overlay with 20 mg/l L-a-phosphatidyl-
inositol in 1.4% (w/v) agarose.  

• PI-PLC activity is visible as a turbid halo of insoluble 
diacylglycerol around the colony.  

• B. cereus is included as a positive control. 
 



12) Mucinolytic Activity 
 

• An ability to degrade mucus or its glyco-
proteins is considered one of the valuable 
indicators of potential pathogenicity and local 
toxicity of lumen bacteria .  

• Both in vitro and in vivo assays can be used to 
evaluate toxicity. 

• Bacteria are grown under appropriate 
conditions.  

 



• For the in vitro assay, 
• mucin degradation can be evaluated in liquid medium or in a petri dish. 
•  For the first method, 200 µl of bacterial suspension (107 CFU/ml) is 

incubated at 37°C for 2 to 5 d with 10 to 25 ml of PBS, basal medium with 
or without 1 to 3% glucose, basal medium containing 0.3% hog gastric 
mucin (HGM) with or without 1 to 3% glucose, or basal medium 
containing 0.3% human intestinal glycoproteins (HIG).  

• After incubation the supernatants are collected and heat treated to 
inactivate mucinolytic enzymes. 

•  The mucin pellets are precipitated by the addition of chilled ethanol. 
• The pellets are washed and resuspended in 0.5 ml 10 mM Tris-HCl buffer.  
• The decrease of total carbohydrates and protein content in the mucin 

residues is measured by SDS-PAGE . 
• the degradation ratio can be calculated as    : 
•  [concentration in test samples/concentration in control sample] . 100% 

 
 



• For the second method,  

• 10 µl of bacterial suspension is inoculated onto 
0.5% HGM(hog gastric mucin) and 1.5% agarose 
incorporated into basal medium.  

• The plates are incubated at 37°C for 72 h and 
subsequently stained with 0.1% Amido Black in 
3.5 M acetic acid for 30 min. 

•  They are then washed with 1.2 M acetic acid 
until a discolored halo around the colony 
appears.  

• The mucin degradation activity can be defined 
as the size of the mucin lysis zone. 

 



13) Antibiotic Resistance 
 

• Resistance to antibiotics can be intrinsic or acquired via 
specific genetic elements.  

• Antibiotic resistance can be assessed using standard disk 
diffusion tests on appropriate solid media or antibiotic 
dilution in broth culture.  

• Intrinsic resistance is usually species dependent  and will 
be present in the majority of strains from a given species.  

• Acquired resistance, on the other hand, will usually be 
strain dependent. Because transferable antibiotic 
resistance is a serious safety concern, it needs to be 
distinguished from intrinsic resistance, as outlined by the 
Scientific Commission on Animal Nutrition , 

 



Suggested Experiments to Distinguish between Intrinsic and Acquired Antibiotic 

Resistance, As Suggested by the Scientific Commission on Animal Nutrition 

 



RISK OF TRANSFER OF ANTIMICROBIAL 
RESISTANCE 

 • Ideally, probiotic strains would not harbour antimicrobial resistance 
genes on transmissible elements that are capable of transfer to 
pathogenic or opportunistic pathogenic bacteria , but many existing 
probiotic strains already do.  

• Antibiotic resistance can be located on mobile genetic elements such 
as plasmids or transposons, or on the bacterial chromosome (where 
transfer, is difficult, at least for lactobacilli .  

• Plasmids are common in most of the probiotic bacteria, but not all 
antimicrobial resistance is harboured on plasmids.  

• Ammor et al. recently found resistance genes in several lactic acid 
bacteria and Bifidobacterium - specifically resistance to tetracycline 
[tet(M), tet(W), tet(O) and tet(O/W)], erythromycin and clindamycin 
[erm(B)] and streptomycin [aph(E) and sat(3)].  

• Most of the resistance determinants were located on the bacterial 
chromosome, except for tet(M), which was identified on plasmids in 
Lactococcus lactis. 
 



• Given the increasing clinical importance of invasive 
infections with vancomycin resistant enterococci and threat 
of emergence of  vancomycin resistant Staphylococcus 
aureus, attention has been focused on the potential for 
transfer of vancomycin resistance to and from probiotic 
bacteria.  

• Many strains of lactobacilli are naturally resistant to 
vancomycin. 

•  In the Lactobacillus strains studied to date, the vancomycin 
resistance genes appear to be chromosomally located and 
are not easily transferable to other genera . 

•  Mater et al. demonstrated transfer of vancomycin 
resistance (VanA cluster) from Enterococcus to a commercial 
strain of Lactobacillus acidophilus, both in vitro and in the 
gut of mice .  



14) Taxonomy 
 

• The accuracy and reliability of the species 
identification of probiotic strains and the label 
correctness of the probiotic products have long 
been ignored as true safety aspects.  

• Triggered by the exponential growth of the 
functional food market in general, it is only 
since the mid-1990s that commercial probiotic 
strains have been included in taxonomic studies 
to obtain an identification up to the species 
level. Regardless of the country in which studies 
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Strain Taxonomy 
Note: Overview not exhaustive 
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Postmarketing Surveillance 
 1) The manufacturer of a probiotic product has the final responsibility for 

its safety.  
2) Once a probiotic product has been introduced into the market, 

surveillance for any cases of disease related to the probiotics is 
important to be able to continue to ascertain the safety of the product. 

3) Any Lactobacillus, Bifidobacterium or other LAB isolate associated with 
disease should be reported, stored, and eventually compared to 
probiotic strains of the same species .  

4) This also illustrates that accurate taxonomic identification of both 
probiotic and clinical isolates is essential;  

5) unfortunately, this is not always the case. Genotyping should reveal 
clonal relatedness of the clinical isolate and probiotic of LAB. 

6) For future reference and research, it is important that the clinical LAB 
isolates are minimally subcultured to avoid adaptation to laboratory 
culture conditions and are stored properly.  

7) This makes it possible to investigate the characteristics of these isolates 
and obtain information on potential risk Factors . 
 



Next-Generation Probiotics 
 New probiotic microorganisms and new applications 

are likely to be introduced into the market.  

Although genetically modified organisms (GMOs) are 
not particularly appreciated by the European 
consumer, this may be different in the case of clear 
medical applications. 

GMO probiotics expressing antigens from pathogens 
would be safe vaccines and would be preferable over 
attenuated pathogens .  

 Legislation for the assessment of the safety of GMOs is 
very strict and falls outside the scope of this review.  

 



-Most probiotics currently on the market belong to the 
genera Lactobacillus and Bifidobacterium, although 
species from other genera are also used 

-Oxalobacter formigenes to reduce the risk for kidney stones 
-Probiotics producing anti-inflammatory cytokines 

(interleukin-10) in situ in the intestine may provide novel 
strategies for the treatment of  inflammatory bowel 
disease, 

-Recent publications indicate that intranasal application of 
probiotics (α-hemolytic streptococci) may be a feasible 
option to prevent recurrent otitis media.  

It is obvious that such applications, which are very different 
from traditional probiotic use, require different  standard 
and safety assessment procedures. 



…and so has the number of probiotic trials  
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Suggested Steps for the Assessment of the 
Safety of Probiotics and Starter Cultures 

 • 1. Strains that are not properly taxonomically described (DNA-DNA 
hybridization, rRNA  sequence determination) should not be marketed.   

• 2.Strains for which the origin is not known should not be marketed. 

• 3. Strains carrying transferable antibiotic resistance genes should not be 
marketed. 

• 4. Strains with a long history of safe use by humans can be used safely as 
probiotics. 

• 5. Strains that belong to species for which no pathogenic strains are known 
but which do not have a history of safe use are likely to be safe as 
probiotics but are nevertheless novel foods. 

• 6 Strains that belong to species for which pathogenic strains are known 
should be treated as novel foods. 

• 7. Strains that are genetically modified are novel foods and should be 
treated as such. 

• 8. Epidemiology and post marketing surveillance 
should be carried out. 
 



 



Microbial Genera Commonly Used as 
Probiotics 

 



Legislation Evaluation of Lactic Acid 
Bacteria 

 
• LAB are difficult to classify and regulate. Food supplements containing LAB 
• could be classified as foods or food additives. They could also be classified 
• as drugs, particularly if one makes health claims or medicinal claims 

concerning 
• their use. 
• Regular foods or food supplements containing LAB could fall under 

European 
• novel food regulation, in case the bacterium in question has not been 
• used before in the food in question. Novel foods by legal definition are 

foods 
• and food ingredients that have not been used for human consumption to a 
• significant degree within the Community before 15 May 1997. Regulation 
• EC 258/97 (102) of 27 January 1997 of the European Parliament and the 

 



• Council lays out detailed rules for the authorization of novel foods and 
novel 

• food ingredients. 
• Companies that want to place a novel food on the EU market need to 
• submit their application in accordance with Commission Recommendation 
• 97/618/EC (103) that concerns the scientific information and the safety 
• assessment report required. Novel foods or novel food ingredients may 
• follow a simplified procedure, only requiring notifications from the 

company, 
• when they are considered by a national food assessment body as 
• “substantially equivalent” to existing foods or food ingredients. 

 



Japan 

 



• The concept of “Functional Foods” started in Japan 
where the world’s first health-claim approval 
system, Foods for Specific Health Uses (FOSHU), and 
the market for functional foods were developed in 
the last decade. 

• Japanese traditionally consume fermented foods 
with viable microorganisms such as “natto” 
(steamed soybean fermented with bacilli), “miso” 
(soy paste fermented with yeast and fungi), and sour 
vegetables fermented by lactobacilli. 

• The total production of fermented milks and LAB 
drinks in Japan reached 916,000 and 550,000 KL per 
family in 2003, respectively. A typical Japanese 
family spends approximately $100 per year on 
average for both product categories. 
 
 



History of Fermented Milk in Japan 
 

• Fermented milk has been consumed by humans for at least 
4000 years and throughout civilizations such as the Egyptians, 
Mesopotamians, Aryans in central Asia, Greeks, and Romans. In 
Japan, the culture of dairy product intake started about 1350 
years ago. 

• Medical literature from the year 984 indicates that milk 
products were used to cure total debilitation and constipation 
and improve skin. Long before Metchnikoff discovered in 1902 
that putrefaction in the intestines causes early aging and death 
in humans and that this could be prevented by consumption of 
sour milk . 

• In the medical field, tablet and powdered forms of viable LAB 
were also introduced in 1971 as a drug for curing intestinal 
illnesses. 
 
 
 



 



• Japanese pioneers developed unique LAB drinks, one 
of which is a concentrated 

• type of sterilized fermented milk drink called “CALPIS,” 
that was 

• introduced in 1919. Another is the LAB drink or 
“YAKULT” which was 

• introduced in 1935. After a sweetened fermented milk 
hardened by agar and 

• named yogurt was industrialized in 1950, a “yogurt” 
product corresponding 

• to the European definition was at last introduced in 
1971 to Japanese consumers. 
 



 



 



 



 



 



 



 



 



 



 



 



 


