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Abstract; Probiotic is a relatively new word meaning 'for life', which is used to name microorganisms that are associated with the 

beneficial effects for humans and animals. These microorganisms contribute to intestinal microbial balance and play a role in 

maintaining health. The probiotic microorganisms consist mostly of the strains of the genera Lactobacillus and Bifidobacterium, 

but strains of Bacillus, Pediococcus and some yeasts have also been found as suitable candidates. Together they play an important 

role in the protection of the organism against harmful microorganisms and also strengthen the host's immune system. Probiotics can 

be found in dairy and non-dairy products. They are usually consumed after the antibiotic therapy (for some illnesses), which destroys 

the microbial flora present in the digestive tract (both the useful and the targeted harmful microbes). Regular consumption of food 

containing probiotic microorganisms is recommended to establish a positive balance of the population of useful or beneficial 

microbes in the intestinal flora. The global market of probiotic ingredients, supplements and food was worth $14.9 billion in 2007 

and it was expected to reach 15.9 billion in 2008, and 19.6 billion in 2013, representing a compound annual growth rate of 4.3 %. 

Extensive investigations of probiotics have been greatly enhanced by the research of new microbes for future probiotic 

bacteriotherapy applications.  
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I.INTRODUCTION  

 In early developments of this concept ensued. Disorders of the intestinal tract were frequently treated with viable non-

pathogenic bacteria to change or replace the intestinal microbiota. In 1917, before Sir Alexander Fleming’s discovery of 

penicillin, the German scientist Alfred Nissle isolated a non-pathogenic strain of Escherichia coli from the feces of a First 

World War soldier who did not develop enterocolitis during a severe outbreak of shigellosis. The resulting Escherichia coli 

strain Nissle 1917 is one of the few examples of a non-LAB probiotic.  

Henry Tissier (of the Pasteur Institute) isolated a Bifidobacterium from a breast-fed infant with the goal of administering 

it to infants suffering from diarrhea. He hypothesized that it would displace proteolytic bacteria that cause diarrhoea. In 

Japan, Dr. Minoru Shirota isolated Lactobacillus casei strain Shirota to battle diarrheal outbreaks. A probiotic product with 

this strain has been marketed since 1935.  

These were early predecessors in a scientific field that has blossomed. Today, a search of PubMed for human clinical 

trials shows that over 1500 trials have been published on probiotics and close to 350 on prebiotics. Although these studies 

are heterogeneous with regard to strain(s), prebiotics tested, and populations included, accumulated evidence supports the 

view that benefits are measurable across many different outcomes.  

Probiotics are live microorganisms that confer a health benefit on the host when administered in adequate amounts 

(Table.1). Species of Lactobacillus and Bifidobacterium are most commonly used as probiotics, but the yeast 

Saccharomyces boulardii and some E. coli and Bacillus species are also used. Newcomers include also Clostridium 

butyricum, recently approved as a novel food in European Union. Lactic acid bacteria, including Lactobacillus species, 

which have been used for preservation of food by fermentation for thousands of years, can act as agents for food 

fermentation and, in addition, potentially impart health benefits. Strictly speaking, however, the term “probiotic” should be 

reserved for live microbes that have been shown in controlled human studies to impart a health benefit. Fermentation is 

globally applied in the preservation of a range of raw agricultural materials (cereals, roots, tubers, fruit and vegetables, 

milk, meat, fish, etc[1] .The health benefits derived from the consumption of foods containing Lactobacillus acidophilus, 

Bifidobacterium and L. casei are now well documented.[2] Streptococcus thermophilus and L. delbrueckii ssp. bulgaricus 

are yoghurt starter cultures, which offer some health benefits; however, they are not natural inhabitants of the intestine. 

Therefore, for yoghurt to be considered as a probiotic product, L. acidophilus, Bifidobacterium and L. casei are incorporated 

as dietary adjuncts. Thus, the normal practice is to make a product with both starter organisms, e.g. S. thermophilus and L. 

delbrueckii ssp. bulgaricus, and one or more species of probiotic bacteria [3]. The guidelines that stipulate what is required 

for a product to be called a probiotic were published by FAO/ WHO in 2002 [4] .They require that strains be designated 

individually, speciated appropriately and retain a viable count at the end of their shelf life in the designated product 

formulation that confers a proven clinical end-point. The probiotic definition requires that the efficacy and safety of 

probiotics be verified and thus, assessment of this constitutes an important part of their characterization for human use.[5]   
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                                  Table 1: The Definition of probiotic, synbiotic and prebiotic.  

 

 

 

   

   

 

 

 
    

 

 

II. SOURCES OF PROBIOTICS 

 The sources of probiotics as shown in table no 1. 

 

 

SELF PREPARE 

                 Table 2: the sources of probiotics. 

 

 

 

PROBIOTICS  

Live bacteria which 

when administered in 

adequate amounts 

confer health benefits 

to the host 

SYNBIOTICS 

 A mixture of 

probiotics & 

prebiotics 

PREBIOTICS: 
Promote the growth 

& proliferation of 

beneficial bacteria 
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III. COMMERCIAL PROBIOITCS MICROORAGNISMS 

According to Shah (6) and Chow (7) the most popular strains are represented by the following genera: Lactobacillus, Streptococcus, 

and Bifidobacterium. The microorganisms and their strain used as a probiotic are mentioned below in table no.3 

                    Table no.3 commercial probiotics microorganisms with their strain and company names   

Microorganism  Strain  Company   References  
 

Bifidobacterium 

adolescentis 

 

ATCC 15703  

Bifidobacterium 

animalis 

 

Bb 12 Chr. Hansen  8,9 

Bifidobacterium 

bifidum 

 

Bb- 11 Chr. Hansen  8,9 

Bifidobacterium 

breve 

 

  8,9 

Bifidobacterium 

essencis 

 

 Danone (Activia) 8,9 

Bifidobacterium 

lactis 

 

Bb-02, 

LaftiTM 

B94 

DSM 8,9 

Bifidobacterium 

infantis 

Shirota 

Immunitas® 

Yakult 

Danone® 

8,9 

Bifidobacterium 
 

CRL 431  8,9 

Bifidobacterium 

longum 
 

BB536 

SBT-2928 

UCC 35624 

Morinaga Milk 

Industry 

Snow Brand Milk 

Products 

UCCork 

8,9 

Bacillus lactis 
 

DR-10 Danisco 

(Howaru™) 

8,9 

Enterococcus faecium 

 

  10 

Lactobacillus 

acidophilus 

 

LA-1/LA-5 

NCFM 

DDS-1 

SBT-2062 

Chr. Hansen 

Rhodia 

Nebraska Cultures 

Snow Brand Milk 

Products 

8,9 

Lactobacillus 

bulgaricus 

 

Lb12  8,9 

Lactobacillus casei 

 

Shirota Yakult (Yakult®) 8,9 

Lactobacillus casei 

 

Immunitas® Danone® 8,9 

Lactobacillus 

delbrueckii ssp. 

Bulgaricus 

 

  8,9 

Lactobacillus 

fermentum 

 

RC14 Urex Biotech 

 

8,9 

Lactobacillus 

GG 

  8,9 

Lactobacillus 

helveticus 

 

B02  8,9 

Lactobacillus lactis 

 

L1A Essum AB 8,9 
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Lactobacillus 

paracasei 

 

CRL431 Chr . Hansen 8,9 

Lactobacillus 

rhamnosus 

 

GG 

GR-1 

LB21 

271 

Valio 

Urex Biotech Essum 

AB Probi AB 

8,9 

Lactobacillus 

plantarum 

 

299v 

Lp01 

Probi AB 8,9 

Lactobacillus reuteri 

 

SD2112/ 

MM2 

Biogaia 8,9 

Lactobacillus 

salivarius 

 

  11 

Saccharomyces 

boulardii 

 

  12,13 

 

IV. PROPERTISE OF PROBIOTICS 

1. Probiotics should be able to create a beneficial effect on host animal by increasing resistance to diseases. 

2. Probiotics must be from human origin. 

3. Probiotics needed to have excessive cell viability. 

4. Probiotics should be non-pathogenic and non-toxic. 

5. It should be able enough to interact or send signals to immune modulator activity. 

6. It must have ability to influence local metabolic activity. 

7. It ought to be fit for surviving and processing in the gut condition like resistance to low pH and organic acids. 

8. Probiotics must be stable, safe, effective and equipped for staying viable for periods under storage and field conditions.  

9. It must have power of restore and replace the intestinal micro flora. 

10. It should have anti-carcinogenic and anti-mutagenic activity, cholesterol lowering effects, can maintain mucosal integrity 

and can enhance bowel motility [14]. 

11. It should be able to speed up, facilitate and colonize/maintain the digestive tract. 

12. They must have the ability to resist gastric juices and the exposure to bile acid which seems to be crucial for oral 

administration. 

13. Adhesion to mucosal and epithelial surfaces, an important property for successful immune modulation, competitive 

exclusion of pathogens, as well as prevention of pathogen adhesion and colonization. 

14. Antimicrobial activity against pathogenic bacteria. 

15. Bile salt hydrolase activity. 

16. Antibiotic resistance may help them to survive in the presence of administered drugs and other antimicrobial compounds  

17. Fast multiplication, with either permanent or temporary colonization of the gastrointestinal tract. 

18. Stabilization of the intestinal micro flora and nonpathogenicity. 

Survival on passing through gastrointestinal tract at low pH and in contact with bile [15-20]. 

V. MECHANISM OF PROBIOTICS 

Probiotics affect the intestinal ecosystem by impacting mucosal immune mechanisms, by interacting with commensal or 

potential pathogenic microbes, by generating metabolic end products such as short-chain fatty acids, and by communicating 

with host cells through chemical signalling. (Fig.1, Table no.3) These mechanisms can lead to antagonism of potential 

pathogens, an improved intestinal environment, bolstering the intestinal barrier, down-regulation of inflammation, and up-

regulation of the immune response to antigenic challenges. These phenomena are thought to mediate most beneficial effects, 

including a reduction in the incidence and severity of diarrhoea, which is one of the most widely recognized uses of 

probiotics.  
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Fig .1 Mechanisms of interaction between microbiota and probiotics with the host. The normal microbiota and probiotics interact 

with the host in metabolic activities and immune function and prevent colonization of opportunistic and pathogenic microorganisms. 
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Table 4: Mechanisms of probiotic host interaction. Symbiosis between microbiota and the host can be optimized by pharmacological 

or nutritional interventions in the gut microbial ecosystem using probiotics. 

  

Probiotics  Mechanism 

Immunologic benefits • Activate local macrophages to increase antigen 

presentation to B lymphocytes and increase 

secretory immunoglobulin A (IgA) production both 
locally and systemically  

• Modulate cytokine profiles  

Induce tolerance to food antigens 

Non immunogenic benefits  • Digest food and compete for nutrients with 

pathogens  

• Alter local pH to create an unfavorable local 

environment for pathogens  

• Produce bacteriocins to inhibit pathogens  

• Scavenge superoxide radicals  

• Stimulate epithelial mucin production  

• Enhance intestinal barrier function  

• Compete for adhesion with pathogens  

Modify pathogen-derived toxins.[21] 
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VI. PROCESSING OF PROBIOTICS 

 The manufacturing processes of LAB and bifidobacterial for dietary supplements and dairy applications have the following steps 

in common, as shown in table no 5  

 

Table 5: The processing of probiotic 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strain development 

•Frozen seed stock, 
which has been 
carefully prepared to 
consist of a single 
pure strain and 
verified to be free of 
contaminants by 
quality control (QC) 
testing, is used in a 
limited number of 
sequential seed 
fermentations to 
achieve the desired 
inoculum volume and 
is ultimately 
transferred to the main 
fermentation vessel 
for growth.

Fermentation  

• frozen direct vat 
inoculation (DVI) 
material consists of a 
larger amount of 
concentrated cells that 
can be used to directly 
inoculate the main 
fermentation 
vessel. he heat-treated 
medium used in the 
seed scale up and 
main fermentation is a 
blend of water, 
nitrogen sources, 
carbohydrates, salts, 
and micronutrients 
necessary for growth.

Blending 

•The fermentations are 
carefully controlled 
and after the 
fermentation in the 
main tank is 
completed, the cells 
are concentrated by 
separating the cells 
from spent medium 
through 
centrifugation. 
Depending upon the 
final product 
application, stabilizer 
solutions (i.e., 
cryoprotectants to 
protect cells from 
injury during freezing 
and/or lyoprotectants 
to protect cells from 
injury during freeze-
drying) may be added 
to the cells prior to 
freezing[22]

Testing 

Once the probiotic
concentrate is
blended with the
cryoprotectant
solution, various
freezing processes
can be applied. One
simple freezing
technique consists of
pouring
cryoprotected
concentrate into cans
and immersing the
sealed cans into a
liquid nitrogen bath.
The frozen cans can
then be shipped to
companies
incorporating
probiotics in food or
beverages.[23]
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Several factors shown in Fig. 2 affect the viability of probiotic bacteria until they reach the target site of the host 

 

                        fig.2 factors influencing the stability of probiotics during processing of probiotics: [24] 

 

VII. PRODUCTION OF PROBIOTICS 

LAB and bifidobacteria are commercially manufactured to satisfy customer demand for probiotic dietary supplements and dairy 

starter cultures. From a manufacturing standpoint, the desired commercial product will have as high a yield as possible and consist 

of viable, concentrated cells that are stable and will have consistent performance in the intended application. High cell count and 

long shelf-life stability in a variety of different temperature and humidity conditions are expected by customers, especially for high-

quality dietary supplement products with doses established through clinical trials. 

 The schematic representation and flow chart of production of probiotic shown in (fig no.3,4) [25]  

   

                                    Fig 3: The diagrammatic representation of the production of probiotics  
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                   Fig 4: Flow chart for production of probiotic culture [26] 

 

 

 

VIII. PROBIOTIC IN FOOD BEVARAGES 

 Dairy products are especially considered as ideal vehicle for delivering probiotic bacteria to the human gastrointestinal tract. The 

matrices used most frequently are cheese, yoghurt, ice cream and other dairy products, as shown in table no 6 

                            Table 6: Commercial probiotic dairy products on the European market 

Type of products Trade name  Probiotics 

Fermented milk with high 

viscosity 

Bifisoft, Bifidus, Bioghurt, Biofit, 

BiofardePlus, Biola, 

Biologic bifidus, Cultura Dofilus, 

Dujat Bio Aktiv, 

Ekologisk Jordgubbs Yoghurt, 

Fit&Aktiv, Fjäll Yoghurt, 

Gaio Dofilus, Gefilac, Gefilus, LC 

1, Probiotisches 

Joghurt, ProViva, RELA, Verum, 

Vifit Vitamel, Vitality, 

Weight Watchers, Yogosan 

Milbona 

L. acidophilus, L. acidophilus 

LA5, L. rhamnosus 

(LGG, LB21 and 271), L. casei, 

L. casei L19, L. johnsonii, L. 

plantarum 299v, L. reuteri, 

Lactococcus lactis ssp. lactis 

L1A, B. bifidum, B. animalis ssp. 

lactis BB-12, B. animalis ssp. 

Animalis 

Milk 

Standardization 

Heating 

Homogenization 

Pasteurization 

Cooling 

innoculation /stirring

Incubation

Heating

Pasteurization 

Homogenization

cooling

inoculation/stirring

packaging

Cow, milk 

powder  

Starter 

Rennet  

Vegetable ,fat 

,stabilizer 

,preservative  

Probiotic 

culture 
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Fermented milk with low 

viscosity (e.g. cultured 

buttermilk, yoghurt drink, dairy 

drink) 

A-fil, Actimel, Aktifit, AB-piimä, 

Bella Vita, Bifidus, 

Biofit, Biola, Casilus, Cultura, 

Emmifit, Everybody, 

Fit&Aktiv, Fundo, Gaio, Gefilac, 

Kaiku Actif, LC 1 Go! 

LGG+, Onaka, Öresundsfil, 

Philura, Probiotic drink, 

ProViva, Pro X, Verum, 

ViktVäktarna, Vitality, 

 

L. acidophilus, L. acidophilus 

LA5, L. casei (F19, 

431, Imunitas, Shirota), L. 

rhamnosus (LGG, 

LB21 and 271), L. johnsonii, L. 

plantarum 299v, 

L. reuteri, L. fortis, Lactococcus 

lactis ssp. lactis L1A, B. bifidum, 

B. animalis ssp. lactis BB-12, 

B. animalis ssp. animalis, B. 

longum BB536 

Non-fermented dairy products 

(e.g. milk, ice cream) 

Gefilus, God Hälsa, RELA, Vivi 

Vivo 

L. rhamnosus LGG, L. plantarum 

299v, 

L. reuteri 

From reference no-27 

 

IX. SAFETY & SIDE EFFECTS OF PROBIOTICS 

Most probiotics in use today are derived either from fermented foods or from the microbes colonizing a healthy human and have 

been used in products for decades. On the basis of the prevalence of lactobacilli in fermented food, as normal colonizers of the 

human body, and the low level of infection attributed to them, their pathogenic potential is deemed to be quite low by experts in the 

field. Bifidobacterium species enjoy a similar safety record. Most products are designed for the generally healthy population, so use 

in persons with compromised immune function or serious underlying disease is best restricted to the strains and indications with 

proven efficacy. Testing or use of newly isolated probiotics in other disease indications is only acceptable after approval by an 

independent ethics committee. Traditional lactic acid bacteria, long associated with food fermentation, are generally considered safe 

for oral consumption as part of foods and supplements for the generally healthy population and at levels traditionally used.  

Probiotics may be responsible for four types of side effects in susceptible individuals: systemic infections, deleterious metabolic 

activities, excessive immune stimulation, and gene transfer. When the dose of intake is very high extends to causes of infections in 

humans not only in all age groups but also in immunocompromised individuals. Three approaches can be used to assess the safety 

of a probiotic strain: studies on the intrinsic properties of the strain, studies on the pharmacokinetics of the strain (survival, action 

in the digestive tract, dose– reaction connections, fecal and mucosal recuperation) and studies hunting down for interaction between 

the strain and the host .[28] Symptoms of side effects are accepted to come about because of bacteria-host interactions in which the 

probiotic supplement might be contrary with the present living space of the user’s microbiota, eventually setting off a response. 

Cases of normal reactions from probiotics include: abnormal bowel movements, bloating, flatulence, gurgling, and stomach aches. 

It is happened in rare case. May be producing an active infection, although this risk is quite low but, allow to stimulate the situation 

in immunosuppressed patients. Administration during pregnancy and early infancy is considered safe.[29] 

 

 

                                  Table 7: The probiotic foods with their use in human body mentioned below.[30] 

Probiotic foods  Characteristics  Sources Uses  

Butter milk   Organic, grass fed -dairy Lactic acid bacteria that 

forms probiotics cultures  

Don’t cook it . drink it cold 

to preserve the good stuff 

inside. great source of 

protein  

Cheese  Fermented raw and /or 

cultured cottage cheese 

,feta   

Lactobacillus strains  May boost the immune 

system. eat a small amount 

daily if you have no 

reaction to it  

Dark chocolate  Raw organic and at least 

70% cocoa bean  

Probiotic There are other health 

benefites like acting as an 

anti-inflammatory.lowering 

blood pressure and 

improving insulin 

sensitivity 
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Kefir Fermented dairy of 

goat’s milk with 

fermented kefir grains 

High in lactobachilli and 

bacteria rich in 

antioxidants usually 3 

times what’s in yogurt 

Look for organic you can 

make you own kefir with 

coconut milk also try 

making it from row dairy  

Kimchi Refrigerated ,spicy and 

sour Korean fermented 

cabbage  

Beta-carotene calcium 

iron and vitamins a,c,b1 

and b2 

Make your own to bring 

down the spiciness 

 

Kombucha  Fermented Tea  Promotes good gut 

bacteria ,increase your 

energy (because of 

sugar), enhances over all 

well being, promotes 

weight loss 

Because of the high sugar 

content, those with candida 

issues will want to avoid 

this one  

Micro -Algae  Spriulina, Chorella ,and 

blue -green Algae. 

Increases the amount of 

both Lactobacillus and 

bifidobacteria in the 

digestive tract  

The most amount of 

energetic return, per ounce. 

High protein source. 

Miso  Refrigerated, 

unpasteurized, 

fermented soybean paste  

Lactobacilli and Bifidus 

bacteria high in B 

vitamins  

May help neutralize 

environmental pollution in 

the body, alkalinizing, 

protects against 

carcinogens.  

Pickles  Salt -fermented 

cucumbers 

Probiotic, promotes 

healthy gut bacteria  

Ferment any vegetables 

with salt  

Sauerkraut  Unpasteurized, 

fermented, cabbage  

Leuconostoc, 

Pediococcus, and 

Lactobacillus, rich in vit 

B, A, E, C. 

Might also help with 

reducing allergy symptoms  

Tempeh  Fermented, probiotic -

rich grain made soy 

beans, non-GMO 

promotes healthy gut 

bacteria, high in protein, 

vit B12 

Please look for non-GMO 

sources. 

Yoghurt  Plain, organic, cow or 

goat dairy with live 

cultures  

Promotes healthy gut 

bacteria. look for the 

brands with the most 

strains included 

Might help with lactose 

intolerance. make your 

own. increadibly easy and 

delicious  

 

X. The classification of probiotic  

New food products have been formulated with the addition of probiotic cultures. Different types of food matrices have been used 

such as various types of cheese, ice creams, milk-based desserts, powdered milk for newborn infants, butter, mayonnaise, powder 

products or capsules and fermented food of vegetable origin. Some matrices have been used in the development of non-dairy 

probiotic products such as fruits, vegetables, legumes and cereals.[34] 
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                                Fig 5: The classification of probiotic food [32] 

  

 

XI. NOVELITIES IN PROCESSING OF PROBIOTICS 

Probiotics are certainly very sensitive to many environmental stresses, such as acidity, oxygen and heat. Before a probiotic can 

benefit human health, it must fulfill several criteria related to the safety and stability (activity and viability in products; adherence; 

invasive potential; resistance to low pH, gastric juice, bile acid and pancreatic juice; colonisation/survival in vivo) and functional 

and physiological aspects (adherence to intestinal ephitelium/tissue/virulence, antagonism to pathogenes, antimicrobial activity, 

stimulation/supression of immune response, selective stimulation of beneficial bacteria and clinical side effects in 

voluteers/patients).  

Membrane systems with continuous feeding of fresh medium where cells are retained in the bioreactor by an ultrafiltration or 

microfiltration membrane are also an interesting technological possibility. In this case, small molecules diffuse through the pores 

of the membrane according to their size. Therefore, inhibitory metabolic products are eliminated from the permeate and cells are 

concentrated on the retentate side. The concentrated cell fraction can be harvested batch-wise or continuously with no, or minimal 

additional downstream treatment for cell concentration before freezing or freeze drying. 

 Different approaches that increase the resistance of these sensitive microorganisms against adverse conditions have been proposed, 

including appropriate selection of acid- and bile-resistant strains, use of oxygen-impermeable containers, two-step fermentation, 

stress adaptation, incorporation of micronutrients such as peptides and amino acids, and microencapsulation reported that cell 

immobilization can be used to perform high cell density fermentations for both cell and metabolite production.[33] 

probiotic foods 

dairy based  

Acidophillus milk , Acido -
whey ,Ice -Cream ,Lassi 

,Cheese ,Curd ,Non-
fermented goats milk 
beverages , yoghurt 

non-dairy based 

fermented products non-fermented products 

Cereals    fruit    vegetables   meat &fish   soy  
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products  
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Pudding  
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Microencapsulation is defined as a technology of packaging solids, liquids or gaseous materials in miniature, sealed capsules that 

can release their contents at controlled rates under the influences of specific conditions [34,35]. A microcapsule consists of a 

semipermeable, spherical, thin, and strong membrane surrounding a solid/liquid core, with a diameter varying from a few microns 

to 1 mm [36] Encapsulation in hydrocolloid beads entraps or immobilizes the cells within the bead matrix, which in turn provides 

protection in such an environment[37]. There are several techniques such as spray drying, freeze drying, fluidized bed drying for 

encapsulating the cultures and converting them into a concentrated powdered form. However, the bacteria encapsulated by these 

techniques are completely released in the product. In this case, the cultures are not protected from the product environment or during 

the passage through the stomach or intestinal tract[38] 

The most widely used encapsulating material is alginate, a linear heteropolysaccharide of D-mannuronic and L-guluronic acids 

extracted from various species of algae[39]. Alginate beads can be formed by both extrusion and emulsion methods [36] The use of 

alginate is favoured because of its low cost, simplicity, and biocompatibility [40-42]. Other materials used with the emulsion 

technique which avoid the release of the cultures in the food product are a mixture of k-carrageenan and locust bean gum [43-45], 

cellulose acetate phthalate [46], chitosan [47], and gelatine [48]. 

Several advantages of entrapped-cell over free-cell fermentations have been demonstrated: high cell densities, reuse of biocatalysts, 

improved resistance to contamination and bacteriophage attack, enhancement of plasmid stability, prevention from washing-out 

during continuous cultures, and the physical and chemical protection of cells [49]. presents some applications and properties of 

immobilized probiotic cells. 

Reliable and convenient biomarkers need to be developed for process monitoring and product assessment. In this regard, the 'omics' 

technologies could be particularly useful for identifying such functionality-relevant biomarkers. These approaches could also help 

to identify the mechanisms for cell fitness and stress adaptation, which will be needed to develop more generic and science-based 

technologies for the production of sensitive probiotics. This fact would surely enlarge the range of commercial probiotics and 

product applications. Moreover, these tools might facilitate screening approaches to identify new probiotic strains that combine 

suitable technological and functional qualities [50] 

                               Table 8: Microencapsulation of probiotic bacteria using different technologies. 

Bacteria   Polymer Microencapsulation 

technology 

Functionality 

 

References 

Bifidobacterium 

Bifidobacterium 

Bifidobacterium 

Bifidobacterium 

Bifidobacterium 

Bifidobacterium 

Bifidobacterium 

Bifidobacterium 

alginate/glycerol 

carrageenan/locust bean 

gum alginate/chitosan 

alginate/pectin/whey 

protein resistant starch 

waxy maize starch 

alginate/starch modified 

waxy maize starch 

gel beads gel beads gel 

beads gel beads gel 

beads gel 

beads/emulsification gel 

beads spray-dried 

powder 

biomass production 

acid/storage stable 

acid/storage stable 

acid/storage stable 

acid/storage stable 

acid/storage stable 

33 

51,52 

53 

54 

55 

56,57 

 

B. bifidum 

B. bifidum 

alginate k-carrageenan Gel beads acid/thermo/storage 

stable freeze-dried 

powder 

58 

59 

B. breve Alginate microspheres Emulsification  Acid labile 60 

B. breve 

B. longum 

powder of freeze-dried 

culture 

Microionization  Storage stable 61 

 

B. infantis gellan gum and xanthan 

gum 

 

Gel beads Acid/storage stable  62 

Lactobacillus 

 

carrageenan alginate 

alginate/starch 

gel beads gel beads gel 

beads gel beads 

biomass production acid  63 

64,65 

66 
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carrageenan/locust bean 

gum 

stable acid/storage 

stable 

 

L. acidophilus 

L. acidophilus 

LA14 and B. lactis 

BI07 

L. acidophilus (La-

05) 

L. acidophilus 

L. acidophilus 

L. rhamnosus 

alginate alginate/xanthan 

gum cellulose acetate 

phthalate alginate 

powder of freeze-dried 

culture alginate 

direct compression gel 

beads gel beads gel 

beads micronization gel 

beads 

acid stable acid/storage 

stable acid/bile salt 

stable 

acid/thermo/storage 

stable thermo/storage 

stable acid/storage 

stable 

67 

68 

69 

70 

71 

 

 

 

XII. CLINICAL APPLICATIONS OF PROBIOTICS ON HUMAN HEALTH 

1. Colorectal cancer prevention  

Although diet is thought to contribute to the onset of colorectal cancer, and both probiotics and prebiotics have been shown to 

improve biomarkers associated with colorectal cancer, there are limited data in humans showing any benefit of probiotics or 

prebiotics in the prevention of colorectal cancer.  

2. Probiotics and Allergy  

Allergies are misguided reactions of the immune system in response to (what should be harmless) particles. Probiotics treat allergies 

by healing your damaged digestive system, which decreases inflammation, stabilizes your immune system, and strengthens your 

gut lining. An allergy is a hypersensitivity reaction initiated by immunological mechanisms. Probiotics modify the structure of 

antigens, reduce their immunogenicity, intestinal permeability and the generation of pro-inflammatory cytokines that are eminent 

in patients with a diversity of allergic disorders [72]. Lactobacillus GG and L. rhamnosus GG is alleviating the symptoms of food 

allergies at the same time have significant role in reduction of risk for developing allergic disease [73]. Already known strategies 

to solve allergic disorder by prevention of antigen translocation into blood stream, improve mucosal barrier function and prevent 

excessive immunologic responses to increased amount of antigen stimulation of the gut. 

3. Probiotics and Blood Pressure 

It has also been demonstrated that probiotics and their products can improve Blood pressure through mechanisms including 

improving total cholesterol and low-density lipoprotein cholesterol levels [74,75]. Reducing blood glucose level and insulin 

resistance, regulating the renin–angiotensin system and significant reduction takes place in blood or serum cholesterol when 

cholesterol is elevated. Interestingly, probiotic supplementation might positively help in reducing Blood pressure in the hypertensive 

conditions. Lactobacillus helveticus, Saccharomyces cerevisiae, Lactobacillus rhamnosus GG, Lactobacillus casei, Lactobacillus 

acidophilus, Lactobacillus rhamnosus, Lactobacillus bulgaricus, Bifidobacterium breve, Bifidobacterium longum Streptococcus 

thermophiles, Lactobacillus delbrueckii ssp. Bulgaricus, Lactobacillus kefiri are the common one used for anti-hypertension [76,77]. 

4. Probiotics and Inflammatory Bowel Disease 

Incorporation of probiotic bacteria has an ability to become stable the immunological barrier in the gut mucosa by declining the 

generation of local pro-inflammatory cytokines. Probiotics is used for treatment of the inflammatory bowel disease, such as 

ulcerative colitis, Crohn’s disease and Pouchitis. Potential mechanisms include suppression of growth or epithelial binding and 

invasion by pathogenic bacteria, production of antimicrobial substances, improved epithelial barrier function, and 

immunoregulation. The effects of probiotic are probably both strain-dependent and dose dependent [78] 

5. Probiotics and Urogenital infections (Bacterial vaginitis)  

Bacterial vaginosis is an abnormal vaginal condition that is characterized by vaginal discharges and results from an overgrowth of 

atypical bacteria in the vagina. A urinary tract infection is an infection involving the kidneys, ureters, bladder, or urethra. These are 

the structures that urine passes through before being eliminated from the body. Urogenital infection is occurs due to change in 

vaginal environmental in which lactobacilli decrease in concentrations or absent. Lactobacillus spp, are the prominent microbial 

factors that governs the presence, growth, colonization and persistence of nonendogenous microorganisms in vagina. As the 

Lactobacillus spp. count decreases, the protection provided by them against uropathogens also decreases. It is also proposed that 

lactobacilli produce biofilms, which cover the urogenital cells. Lactobacilli use in bacterial vaginosis is supported by positive results 

obtained in clinical trials. Probiotic capsules for example Lactobacillus rhamnosus, Lactobacillus crispatus, Lactobacillus gasseri, 

Lactobacillus vaginalis, Lactobacillus acidophilus, Lactobacillus reuteri and Streptococcus thermophilus are effectiveness for 

recurrent bacterial vaginosis prevention [79,80]. The principal mechanisms by which lactobacilli exert their protective functions in 

urogenital health care are:  
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5.1. Stimulation of the immune system.  

5.2. Competition with other microorganisms for nutrients and for adherence to the vaginal epithelium, urinary and vaginal tract 

cells.  

5.3. Reduction of the vaginal pH by the production of organic acids, especially lactic acid.  

5.4. Production of antimicrobial substances and competitive exclusion Inhibitor production, such as bacteriocins, and hydrogen 

peroxide. 

6. Probiotics and Liver Diseases  

Micro flora resident in intestinal lumen plays a significant role in hepatocytes function. Alterations to the type and amount of 

microorganisms that live in the intestinal tract can result in serious and harmful liver dysfunctions such as cirrhosis, nonalcoholic 

fatty liver disease, alcoholic liver disease, and hepatic encephalopathy. Probiotic is used as a novel treatment strategy against liver 

disease in a mechanism of regulation, restoration and alteration of gut micro flora and immune function [81,82]. Probiotics are 

useful in the treatment of chronic liver diseases as they block entry of microorganisms to blood flow and ultimately to liver by 

increasing the strength of intestinal barrier [83]. 

7. Probiotics and Cholesterol Assimilation  

Probiotic strains, particularly lactic acid microscopic organisms (bacteria) have a noteworthy part to play in the cholesterol by 

bringing down the mechanism. The cholesterol levels can be cut down direct or indirect by using probiotics. Direct mechanism 

involves inhibition of denovo synthesis or decrease in the intestinal absorption of dietary cholesterol. The decrease in dietary 

cholesterol retention can be diminished by three ways -assimilation, binding or by degradation. Probiotic strains absorb the 

cholesterol for their own particular digestion. Probiotic strains can attach to the cholesterol particle, and they are capable for 

debasing cholesterol to its catabolic products. The cholesterol level can be decreased in an indirect way by deconjugating the 

cholesterol to bile acids, in this way lessening the aggregate body pool. Reduction of total cholesterol to be done in B. animalis 

subsp. lactis MB 202/DSMZ 23733, B. bifidum, B. breve [84]. Hypercholesterolemia (elevated blood cholesterol level) is 

considered a major risk factor for the development of coronary heart disease. Therefore, lowering the serum cholesterol level is 

important to prevent the disease. The cholesterol removing ability of LAB isolates was assessed in vitro and in vivo mechanisms. 

Lactobacillus pentosus LP05, L. brevis LB32, L. reuteri and L. plantarum are powerful [86,87]. 

8. Probiotics and Dental Caries 

Dental caries is a multifactorial disease of bacterial origin that is described by corrosive demineralization of the tooth enamel. It 

seems following changes in the homeostasis of the oral environment prompting multiplication of the bacterial biofilm, composed 

notably of streptococci from the mutans group. To have a helpful impact in restricting or averting dental caries, a probiotic must 

have the ability to stick to dental surfaces and coordinate into the bacterial groups making up the dental biofilm. It must also compete 

with and antagonize the cariogenic bacteria and thus prevent their proliferation. Finally, metabolism of food-grade sugars by the 

probiotic should result in low acid production. The advantage of incorporating probiotics into dairy products lies in their capacity 

to neutralize acidic conditions. For instance, it has just been accounted for that cheese prevents demineralization of the enamel and 

advances its remineralisation [88]. 

9. Probiotics and Orthodontic Treatment 

White spot lesions are caused by streptococcus mutans and they are the basic scars found amid and after orthodontic treatment. The 

wellbeing advancing microbes can address the lopsidedness in the oral biofilm by intensely hindering the pathogens and moving 

the oral mileau to a higher pH thereby, turning around the demineralization. Fixed orthodontic appliances are considered to endanger 

dental wellbeing because of gathering of microorganisms that may cause enamel demineralization, clinically visible as white spot 

lesions. Besides, the intricate plan of orthodontic bands and brackets may make a biological environment that encourages the 

foundation and development of cariogenic mutans streptococci strains. White spot lesion formation can be viewed as imbalance 

between mineral loss and mineral gain and the latest orderly audits have examined methods to prevent this side effect of orthodontic 

treatment. Studies are required to clear up if utilization of probiotics can be powerful as an alternative method for the prevention of 

demineralization and white spots [89]. Lactobacilli brevis, Bifidobacterium animalis subsp. Lactis BB-12 and Bifidobacterium lactis 

derived probiotic through a lozenge tablet could reduce the levels of S. mutans in plaque around orthodontic brackets [90,91]. 

10. Probiotics and Oral Health  

A standout amongst the most imperative advantages of probiotics in the oral cavity is lessening of inflammation. Probiotics can 

help to destroy the harmful microbes in the oral cavity by fighting against them and helps in maintaining healthy gums and teeth. 

Since probiotics is an all-natural treatment it should not have any side effects [92,93]. Both lactobacillus acidophilus and 

bifidobacterium lactis have well known antifungal property [94]. 

11. Probiotics and Voice Prosthesis 

Probiotics emphatically diminish the occurrence of pathogenic bacteria in voice prosthetic biofilms. Effectively disposes of biofilm 

development on indwelling voice prostheses, possibly related to the presence of Streptococcus thermophiles and Lactobacillus 

bulgaricus [95]. 

12. Probiotics and Halitosis 

Halitosis or Bad Breath is the condition when the breath has unpleasant odor. It has many causes, for example, utilization of specific 

foods, metabolic disorders, respiratory tract infections and related with an irregularity of the commensal microflora of the oral 
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cavity. Essentially, it is started from the activity of anaerobic bacteria that corrupt salivary and food proteins to create amino acids, 

which are thusly changed into volatile sulphur compounds, including hydrogen sulfide and methane thiol. Streptococcus salivarius 

act as a commensal probiotic of the oral cavity this strain screened and recognized typically from people groups without halitosis 

[96,97]. S. salivarius is known to create bacteriocins, which could add to lessening the quantity of microscopic organisms that 

produce volatile sulphur compounds. The utilization of gum or capsules containing S. salivarius K12 (BLIS Technologies Ltd., 

Dunedin, New Zealand) diminished levels of volatile sulphur compounds among patients diagnosed to have halitosis . Take a 

probiotic supplement regularly. There is good evidence it helps to regulate the growth of harmful bacteria. S. salivariu, L. salivarius, 

L. reuteri, L.casei and W. Cibaria was supplied for management option  

13. Probiotics and Periodontal Diseases 

Studies have demonstrated that the pervasiveness of lactobacilli, especially Lactobacillus gasseri and L. fermentum, in the oral 

cavity was more prominent among healthy participants than among patients with chronic periodontitis. Different studies have 

detailed the limit of lactobacilli to repress the development of periodonto pathogens, including P. gingivalis, Prevotella intermedia 

and A. actinomycetemcomitans. Together, these perceptions recommend that lactobacilli living in the oral cavity could play a role 

in the oral ecological balance [106]. L. brevis, L. casei, L. salivarius, reuteri strains, Bacillus subtilis, L. reuteri and L. brevis the 

involvement cared out in anti-inflammatory activity decreasing the number of pathogens in periodontal tissues [98]. 

14. Immunologic Enhancement/ Immunity Stimulation  

Probiotics have biological effect in Immunological functionality. The immunological benefits of probiotics can be due to activation 

of local macrophages and modulation of IgA production locally and systemically, to changes in pro/anti-inflammatory cytokine 

profiles, or to the modulation of response towards food antigens [99]. The intrinsic properties of lactobacilli to modulate the immune 

system make them appealing for wellbeing applications. The Proposed systems engaged with reinforcing of nonspecific and antigen-

specific defense against infection and tumors, adjuvant impact in antigen-particular immune responses, Regulating/affecting 

Th1/Th2 cells, production of anti-inflammatory cytokines, improving phagocytic action of granulocytes, cytokine discharge in 

lymphocytes, and increases immunoglobulin-emitting cells in blood in order to scale up antibody production. This is ordinary 

reactions of probiotics, which are all demonstrative of changes in the immune system. An inflammatory immune response delivered 

cytokine-actuated monocytes and macrophages, causing the arrival of cytotoxic particles fit for lysing tumor cells and pathogens in 

the body.  

15. Probiotics and HIV 

Probiotics appear to support maintenance of a strong gut epithelia layer, improve gut barrier function and stimulation of innate 

immunity which act as the first layer of defense against translocation of viral particles and bacterial pathogens. When immune 

system is well developed, able to prevent HIV replication and slow down the progression of AIDS in host. Daily consumption of 

probiotics over a prolonged period of time can improve CD4 count in people living with HIV. A screening of saliva taken from 

several volunteers demonstrated that some Lactobacillus strains created proteins that are fit for binding a specific type of sugar, 

called mannose, found on HIV envelope. The binding of the sugar empowers the microscopic organisms (bacteria) to adhere to the 

mucosal coating of the mouth and gastric tract and colonize them. One of the strains indicated copious mannose-binding protein 

particles into its surroundings which binded to the sugar coating henceforth neutralizing HIV. It is also observed that the trapped 

immune cell by lactobacilli leads to formation of clumps leading immobilization of any immune cells harboring HIV and preventing 

them to infect other cells [100] 

CONCLUSION  

 Probiotics are widely used in order to solve and simplify particular diseases. The net benefit of probiotics during the perinatal 

period in preventing allergic disease has lead to a World Allergy Organization recommendation on probiotic use during pregnancy, 

breastfeeding, and weaning in families with a high risk of allergic disease. Future research must investigate the mechanisms by 

which gut microflora interacts with the intestinal epithelium in health and disease. With this knowledge, optimal probiotic strains 

can be developed. The viability of probiotics is a key parameter for developing probiotic food products. New technologies have 

been developed to enable high cell yield at large scale and ensure probiotic stability for a long period in food. 
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