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Introduction

People use LAB for more than 4000 years for food’s fermentation. These bacteria 
are used in  the entire world, but particularly in fermented products,  such as yoghurt, 
cheese, …

Lactic acid bacteria produce lactic acid as end product of the fermentation process. 
They are present in the human digestive system and are found in applications  such as 
pickling vegetables, making wine, curing fish and meats...

Today, probiotics are also used in a variety of fermented dairy products and their 
manufacture involves fermentation: microbial process by which lactose is converted into 
lactic acid.

 Probiotic  cultures  promote the  smooth  functioning  of  our  intestinal  flora.  The 
global market for these products is growing more and more to meet the needs of a public 
increasingly attentive to its shape and health.

The first part of this project will introduce generally lactic acid bacteria. There are 
thousands of lactic acid bacteria that are classified by group. We will see the top four of 
them before our attention to factors influencing their functioning as "probiotics" and finally 
give some background on lactic acid.

In  a  second  part,  we  take  a  closer  look  to  probiotic  products,  their  benefits, 
properties, etc. There are many probiotic products in the world, naturally included in the 
diet is the example of Greek sausage, or in the form of tablets, such as the French brand 
Lactibiane.

Of course, all this is closely monitored! The third section will therefore focus on the 
ways and terms of use, an analysis procedure more detailed, as well as the benefits of 
probiotics, especially in the treatment of colon cancer. 

Probiotic products represent a new investment in the market for industry believes 
that  every  day.  This  is  the  development  of  the  technique  of  microencapsulation  of 
probiotics, where commercial applications that follow. 

But probiotics are not  only in dairy products!  All  these "good bacteria"  are also 
found in fruits and vegetables, meat, or grain! The last part of this report will therefore 
look at these various products.
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I – Lactic Acid Bacteria

1- Different lactic acid bacteria  

There are thousands of different lactic acid bacteria that may have classified by group 
according  to  their  special  features.  The  most  important  genera  are  Lactobacillus, 
Enterococcus, Bifidobacterium and Streptococcus.

We will list the most important bacteria of each genus, and then make a list of their 
characteristics in order to understand how they are different.

 The Genus Lactobacillus :   

This group of bacteria contains more than 120 species, but only few of them are 
really known. We must take into account the fact that bacteria are discovered each day, so 
lists which are made constantly changing.

The most known bacteria of this group are :
 Lactobacillus acidophilus  
 Lactobacillus (delbrueckii   subsp.)   bulgaricus   
 L. casei
 L. brevis
 L. buchneri
 L. fermentum
 L. kimchii
 L. helveticus
 L. plantarum
 L. sanfranciscensis
 L. reuteri
 L. rhamnosus

Microbiology  , Concepts and Applications. Edited by Pelczar, Chan and Kreig. Chapter 30     :   
Microbiology of Food (Page 861)

 The Genus Enterococcus     :  

This group  is the less known because it contains less than 20 species.  The most 
know bacteria of its is : Enterococcus faecalis.
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Strains of enterococci are mainly used in pig and 
poultry  nutrition.  However,  there  are 
pharmaceutical  products  which  contain 
enterococci  as  probiotic  cultures  for  human 
clinical therapy. The genus Enterococcus harbours 
many different species, but only two of them are 
of  importance  as  probiotics:  Ec.  faecium  is 
mainly used as an animal probiotic but also for 
human application, whilst Ec. faecalis is primarily 
used as a human probiotic. 

http://fr.wikipedia.org/wiki/Fichier:Enterococcus_histological_pneumonia_01.png

 The Genus   Bifidobacterium :  

This group of a little more than 30 species is the second most know LAB’s group. These 
most know bacteria are :

 Bifidobacterium adolescentis  
 Bifidobacterium bifidum  
 Bifidobacterium thermophilum   
 Bifidobacterium infantis  
 Bifidobacterium lactis  

http://fr.wikipedia.org/wiki/Fichier:Bifidobacterium_adolescentis_Gram.jpg

They are Gram positive, very polymorphic, motionless, not encapsulated and non-
sporing. These bacteria are anaerobic, catalase negative, nitrate reductase negative. They 
ferment glucose without gas production and produce acetic acid and lactic acid as end 
products of glucose fermentation. Bifidobacteria are most often found in the intestines of 
humans and animals and they can be isolated from sewage

 The Genus Streptococcus :  

Just like the genus Enterococcus, this group contains less than 20 species and is not so 
known. 
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But some bacteria are well known, such as the 
followings :

 Streptococcus thermophilus  
 Streptococcus mitis  
 Streptococcus pneumoniae  
 Streptococcus pyogenes  
 Streptococcus salivarius  
 Streptococcus agalactiae  

Microbiology  , Concepts and Applications. Edited by Pelczar, Chan and Kreig. Chapter 30     :   
Microbiology of Food (Page 861)

 Taxonomy and physiology of LAB :  

The physiology and taxonomic position of species and 176 strains of these genera were 
investigated by phenotypic and genomic methods:

 Phenotypic  methods  were  based  on  biochemical,  enzymatical  and  physiological 
characteristics  :  growth  temperatures,  cell  wall  analysis,  analysis  of  the  total 
soluble cytoplasmatic proteins... 

 Genomic  methods  used  were  pulsed field  gel  electrophoresis  (PFGE),  randomly 
amplified  polymorphic  DNA-PCR  (RAPD-PCR)  and  DNA–DNA  hybridization  for 
bifidobacteria. 

Schedule 1 : “Type strains of bacterial species investigated in this study”
G. Klein et al. / International Journal of Food Microbiology 41 (1998) 103-125 

Page 109

L.  acidophilus  group,  L.  casei  group  and  L.  reuteri  /L.  fermentum  group.  are 
species of importance as probiotics in the genus Lactobacillus.

Most strains referred to as L. acidophilus in probiotic products could be identified 
either as  L.  gasseri  or as  L.  johnsonii : members of the  L.  acidophilus  group. A similar 
situation could be shown in the L. casei group : in fact, most of the strains named L. casei 
belonged to L. paracasei subspp. 

Bifidobacterium  spp.  strains  have  been  reported  to  be  used  for  production  of 
fermented dairy and recently of probiotic products. According to phenotypic features and 
confirmed by DNA–DNA hybridization most of the bifidobacteria strains from dairy origin 
belonged  to  B.  animalis,  and  not  to  B.  longum  as  they  were  often  declared  by  the 
manufacturer.

In conclusion, the taxonomy and physiology of probiotic LAB can only be understood 
by combining morphological, biochemical and physiological characteristics with molecular-
based phenotypic and genomic techniques.

 What about LAB characteristics ?  
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As told previously, LAB comprise a wide range of genera, so a considerable number of 
species, more or less important. 

LAB are Gram-positive and usually catalase-negative bacteria, and non-spore forming.
Species of these genera can be found in the GIT of man and animal and also in fermented 
food.  Strains  used  as  probiotics  usually  belong to  species  of  the genera  Lactobacillus, 
Enterococcus, and Bifidobacterium. 

These LAB ferment carbohydrates with lactic acid as a major end product and are 
typically chemoautotrophic : these bacteria are prokaryotes that use energy of chemical 
compounds  as  the  initial  source  of  energy.  They  are  distinguished  from  phototrophic 
bacteria, which use light energy. 

Chemoautotrophic bacteria  use  chemical  compounds  (chemo-organo-autotrophic 
bacteria use organic compounds) by oxidation-reduction for developing their own organic 
constituents.

Some physiological characteristics are of interest for their function as probiotics, a 
pre-condition of which is survival in the gastrointestinal tract. 

This is based on their resistance to low pH and/or bile and their temperature growth 
ranges (Fuller, 1989). These abilities are, however, of minor taxonomic interest. 

Important  physiological features  for  taxonomic  considerations  are  carbohydrate 
fermentation patterns, resistance to different NaCl concentrations, growth on different 
nutrient media, growth at defined temperatures and resistance against antibiotics.

2- Effects of prebiotics on LAB products  

Foods are carriers for the delivery of probiotics to the human body : it helps to buffer 
the probiotic through the gastrointestinal  tract, regulate their colonization and contain 
other  functional  ingredients,  such  as  bioactive  components,  which  may  interact  with 
probiotics to alter their functionality and efficacy. 

The growth and survival of probiotics during gastric transit is affected by the physico-
chemical properties of food carriers. Gastric acid, juices and bile tolerance, adherence to 
gastrointestinal epithelium and the acid production of probiotics are also affected by the 
food ingredients used in probiotic delivery. 

Prebiotic food ingredients encourage the growth of probiotic bacteria. The appropriate 
combination of prebiotics and probiotics manifest higher potential for a synergistic effect.

Fat content, concentration and type of proteins, sugars and pH of the product are some 
factors that could affect probiotic growth and survival in food. 

Therefore, product formulation can be manipulated to aid their efficacy. 

Probiotic bacteria are mainly incorporated into dairy products such as cheese, yogurt, 
ice cream and other dairy desserts. 

Limitations of dairy products such as the presence of allergens and the requirement for 
cold storage facilities,  as well as an increasing demand for new foods and tastes have 
initiated a trend in non-dairy probiotic product development. 

Higher levels of viable micro-organisms (1 x 10-7 cfu/g) are recommended in probiotic 
foods for better efficacy in regulating beneficial effects.
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Better growth and survivability during food manufacturing and storage as well  as in 
gastrointestinal tract, protection against acid, bile and gastrointestinal enzymes, adhesion 
to  intestinal  epithelium,  antimicrobial  properties  and  antibiotic  resistance  could  be 
considered as factors that might be important in maintaining probiotic efficacy. 

R.D.C.S. Ranadheera et al. / Food Research International 43 (2010) 1-7

 Fermented dairy products as probiotic carr  ier food and effect on efficacy :  

There is a wide range of different fermented milk products. Each has distinct physical 
and flavor characteristics  that depend on the particular  microorganisms involved in its 
production, yet all rely on bacteria that ferment the lactose in milk acid.

Milk Substrate Microflora

Cultured buttermilk Skim milk Streptococcus lactis (or S cremoris) and 
Leuconostoc cremoris (or S. diacetylactis)

Acidophilus buttermilk Skim milk Lactobacillus acidophilus

Bulgarian buttermilk Skim milk Lactobacillus bulgaricus

Yogurt Concentrated milk or Streptococcus thermophilus and 

11
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milk plus additives Lactobacillus bulgaricus

Kefir (Russia) Whole milk Lactobacillus brevis and lactose-
fermenting yeasts

Koumiss (Russia) Mare’s milk Lactobacillus bulgaricus and lactose-
fermenting yeasts

Trahanas (Greece) Sour milk- wheat Streptococcus thermophilus and 
lactobacillus bulgaricus

Kishk (Egypt) Sour milk - wheat Species of lactobacilli, bacillus subtilized 
and yeast

Microbiology, Concepts and Applications. Edited by Pelczar, Chan and Kreig. Chapter 30 : 
Microbiology of Food

There are a few basic steps in the production of all fermented milk products, and 
there are three major variables depending on the specific product :

1) Different microorganisms will be used to produce different products.

2) Time employed for different steps may vary depending on the desired outcome.

3) Temperature at which the milk is held during the fermentation will vary with 
the  product  :  cultured  buttermilk  is  processed  at  21°C,  whereas  yogurt  is 

fermented at about 45°C.

Microbiology  , Concepts and Applications.   
Edited by Pelczar, Chan and Kreig. 
Chapter 30     : Microbiology of Food  

 Yogurt :  

Yogurt  and  fermented  milks  are 
considered  as  the  main  vehicle  for 
probiotic delivery. 

Yogurt  is  the  result  of  the 
symbiosis of two types of lactic acid 
bacteria: Streptococcus thermophilus 
and Lactobacillus bulgaricus. Each of 
the  two  bacteria  stimulates  the 
growth  of  the  other.  This  symbiotic 
relationship  makes  for  a  different 
product obtained by simple bacteria, 
taken  separately.  Thanks  to  the 
symbiosis  of  both  bacteria, 

fermentation takes place more rapidly than if there was only one species of bacteria. 

12
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Yoghurt and other fermented dairy products give us the opportunity to use lactic acid 
bacteria as probiotic cultures.

The bacteria must be inoculated with at least 10 million bacteria per gram of yogurt. 
Accumulate in milk, lactic acid changes the protein and, therefore, the texture of milk. 

It gives the fermented milk products, an acid taste.

Photomicrograph of yogurt illustrating 
Microbial flora Streptococcus thermophilus 

And Lactobacillus bulgaricus

Microbiology  , Concepts and Applications. Edited by   
Pelczar, Chan and Kreig. Chapter 30     : Microbiology   

of Food (Page 861)

Increasingly yogurts have been prepared 
with  probiotic  microorganisms  with  varying 
viability over a range of shelf lives.

The correlation between post storage pH 
in  yogurts  and  the  viability  of  probiotics  is 
affected by the presence of fruit pulp.

Oxygen  scavenging  effect  of  ascorbic 
acid is one of the possible reasons that may help 
to  improve  the  viability  of  probiotics.  Yogurt 
starter  culture  bacteria  are  also  identified  as 
oxygen scavengers.  These cultures  were demonstrated  to  finish  the food fermentation 
within 5–10 h and utilized most of the oxygen in milk. 
Therefore, incubation time of the product also affects the viability of probiotics in yogurt.
In  addition  to  incubation  period,  incubation  temperature and  storage  time  of  yogurts 
appeared to be affected on the cell  viability.  On the other hand stirred-yogurts  might 
result low viability levels compared to plain-yogurts if the probiotic strain is less tolerant 
to oxygen.

Therefore, addition of substances such as whey protein into yogurt may enhance 
the viability of some probiotics due to maintaining the buffering capacity of yogurt.

Some prebiotics are a much better medium compared to other prebiotics and their 
influence on different functional properties of probiotics. 

Furthermore,  prebiotics  can  selectively  stimulate  the  growth  and  activity  of 
probiotics.

Thus, it is clear that viability and some functional properties of probiotic bacteria in 
yogurt are related to the characteristics of the carrier food product including its chemical 
composition.

However, functional efficacy of these probiotics is not only governed by the chemical 
composition of the carrier medium but also by the several other factors that should be 
further investigated.

 Ice cream and frozen products :  

Ice cream and frozen dairy desserts demonstrated great potential for use as vehicles 
for probiotic cultures. 

13
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Ice cream is  considered  favorably  as  a probiotic  carriers  due to the lower storage 
temperature  and  less  risk  of  temperature  abuse during  frozen  storage  which  leads  to 
higher viability of probiotics at the time of consumption.

Lactic streptococci/lactic starter cultures also demonstrated different percentage of 
viability,  acid  development  and  proteins  activity  under  different  frozen  storage 
temperatures in skim milk medium. 

Therefore,  when  a  probiotic strain  is  used  to 
produce  frozen  food  product  their  efficacy  in  the 
small  intestine  may  vary  from  non  frozen  food 
product fortified with the same strain. 

Probiotics incorporated into frozen food products 
have  further  demonstrated  better  viability  during 
shelf life.

Better  survivability  of  probiotics  in  frozen 
products could be due to the lower temperature that 
they are held at and subjected to less temperature 
abuse. However, damage to cells caused by freezing 
and  thawing,  mechanical  stresses  of  mixing  and 
incorporation  of  oxygen  into  the  mixture  during 
manufacturing may result lower viability and thereby 
exert  a  negative  effect  on  functional  efficacy  of 
probiotics in frozen products after ingestion.

 Cheese :  

Type Name Ripening Agent
Unripened Cottage

Cream
None
None

Soft Ripened Camembert
Brie

Penicillium camemberti
P. camemberti and Brevibacterium limens

Semisoft Ripened Limburger
Roquefort (blue)
Brick
Muenster

B. limens
Penicillium roqueforti
B. limens
B. limens

Hard Ripened Cheddar 
(American)
Swiss
Gruyere

Lactobacillus casei
Propionibacterium shermanii
Propionibacterium freudenreichii

Microbiology, Concepts and Applications. Edited by Pelczar, Chan and Kreig. Chapter 30 : 
Microbiology of Food

Cheese is a versatile food product, appealing to many palates and is suitable for all age 
groups and provides a valuable alternative to yogurt and fermented milk as a vehicle in 
probiotic delivery.

Interestingly  cheese  produced  with  oligofructose  and  inulin  demonstrated  better 
consumer acceptability indicating advantages of selected prebiotics not only in probiotic 
growth viability and stability, but also in improving sensory qualities.

14
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Cheese is a fermented milk product in which the milk protein, casei, is precipitated 
as a curd and separated from the remaining liquid, or whey. 

The curd is used to produce the cheese. 

There are three basic steps in cheese manufacture : 
 curdling
 salting
 ripening

Microbiology  , Concepts and Applications. Edited by Pelczar, Chan and Kreig.   
Chapter 30     : Microbiology of Food  

 Beverages, cereals and vegetable  s products as probiotic carrier food and effect   
on efficacy :

Although most of the current probiotic foods are mainly dairy based, there is a growing 
interest  in  the  development  of  non-dairy  probiotic  products  due  to  problems  such  as 
lactose intolerance in many people and the unfavorable cholesterol content of fermented 
dairy products.

 In addition there is an increasing demand for vegetarian probiotic products. 
This has led to development of probiotic products from various food metrics including 

fruits, vegetables, legumes and cereal products.

Survival rates are quite comparable or even higher than those of milk-based probiotic 
products. This high viability is caused by the micro-architecture of these vegetables, where 
roughness  might  protect  the  probiotic  in  an  acid  environment,  presence  of  prebiotic 
substances  and  positively  influence  the  survival  due  to  the  release  of  nutrients  from 
vegetables.

Therefore, not only chemical composition of foods but their physical structures are 
important in probiotic efficacy that they are bearing. 

Fermented vegetables not only are distinctive foods, but they also represent a simple 
means of preserving vegetables. 
These fermentations employ several types of bacteria that produce lactic acid as a major 
metabolic byproduct (especially Lactobacillus).

15
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Food Raw Material Essential Microbes
FERMENTED VEGETABLES
Sauerkraut
Pickles
Olives

Cabbage
Cucumbers
Olives (green, ripe)

LAB including Leuconostoc, Lactobacillus
Primarily Lactobacillus species
Pediococcus and/or Streptococcus

CEREALS AND STARCHY 
FOODS
Bread, rolls, cakes, etc
Sourdough bread
Idli (India)
Gari (Nigeria)
Ogi (Nigeria)
Kenkey (Ghana)

Wheat flour
Rye and wheat flours
Rice and black gum beans
Cassava
Corn, sorghum, millet
Corn

Saccharomyces cerevisiae
LAB and acid-tolerant yeasts
Leuconostoc mesenteroides
Leuconostoc and Candida species
L. plantarum and fungi
Leuconosotc species and Saccharomyces

Microbiology, Concepts and Applications. Edited by Pelczar, Chan and Kreig. Chapter 30 : 
Microbiology of Food

3- General information on lactic acid bacteria  

Lactic Acid or 2-hydroxypropanoic acid (IUPAC name), with molecular formula C3H6O3, is 
a chemical compound which intervenes in several biochemical processes and is well known 
as milk acid.

It can be represented in several forms, including the following two:

htp://en.wikipedia.org/wiki/Lactc_acid

 Chemical properties of LAB:  

It is miscible with water and ethanol and has a molecular mass of 90,08 g/mol.
These Alpha Hydroxide Acid (AHA : Its hydroxyl group is adjacent to its carboxyl group) 
melts at 53°C, boils at 112°C and has a pKa of 3,86 (25°C)

It can give the lactate in solution:
CH3CH(OH)COOH + H2O CH3CH(OH)COO- + H3O+

Lactic Acid + Water Lactate Ion + Hydronium Ion
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Lactic Acid is a chiral molecule, and it has two isomers: L-(+)-lactic acid and D-(-)-
lactic acid. They have the image of each other in a mirror. The isomer the most used in 
biology is the L-(+)-lactic acid.

htp://chemistry.umeche.maine.edu/CHY251/Lactc.gif

L lactic acid D lactic acid

In animals, L-lactate is constantly produced from pyruvate via the enzyme lactate 
dehydrogenate (LDH) in a process of fermentation during normal metabolism and exercise. 

Industrially, lactic acid fermentation is performed by Lactobacillus bacteria, among 
others.

 Lactic Acid Fermentation:  

Whey, a waste product from the manufacture of dairy products, is commonly used to 
produce lactic acid. It is, actually, an inexpensive and efficient growth medium for various 
bacteria.  Whey  is  a  watery  solution  of  lactose  (milk  sugar),  nitrogenous  substances 
(vitamins,…) and various salts. 

Microorganisms  used  to  make  lactic  acid  from  whey  must  grow  well  in  the  whey 
medium and ferment the lactose to lactic acid :

Lactobacillus bulgaricus is really suitable for this purpose. It is cultured serially in 
increasingly larger volumes of sterile skim milk, pasteurized skim milk, and whey. 
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The whey culture is added to the fermentation tank in a volume equivalent to about 5-10% 
of the total volume to be fermented. 

The  incubation  temperature  is  43°C,  high  enough  to  inhibit  the  growth  of  many 
microorganisms  but  without  inhibiting  L. 
bulgaricus. 

A slurry of lime, Ca(OH)2, is added during the 
fermentation in order to neutralize the acidity 
and form calcium lactate. 

The fermentation is finished after two days. 

Microbiology  , Concepts and Applications. Edited by   
Pelczar, Chan and Kreig. 
Chapter 30     : Microbiology of Food  
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II – Probiotic products

1- Definition, properties and disadvantages  

Probiotics are  live  microorganisms thought  to  be  healthy  for  the  host  organism. 
According  to  the  currently  adopted  definition  by  FAO/WHO,  probiotics  are:  "Live 
microorganisms which when administered in adequate amounts confer a health benefit on 
the host”. 

Lactic acid bacteria (LAB) 
are  the most  common types 
of  microbes used  as 
probiotics;  even  if  certain 
yeasts and bacilli may also be 
helpful. 

Probiotics  are  commonly 
consumed  as  part  of 
fermented  foods  with 
specially  added  active  live 
cultures, such as in yogurt.

TIBTECH JULY 1997 (VOL 15)

Their  health  benefit  has  also  been  long  known,  with  Hippocrates  and  other 
scientists in the early ages being reported that fermented milk could cure some disorders 
of the digestive system.

At the start of the 20th century, probiotics were thought to beneficially affect the 
host  by  improving  its  intestinal  microbial  balance,  thus  inhibiting  pathogens and toxin 
producing bacteria.

 It was in 1907 that the Russian scientist Elie Metchnikoff first proposed the concept 
of  probiotics  as  it  is  known today.  He observed that consumption of  large amounts  of 
fermented milk products containing lactobacilli prolonged life and gave the first scientific 
explanation for the beneficial effects of lactic acid bacteria present in fermented milk (by 
Rasic  in  2003). 

Today it is accepted that daily intake of these probiotics contributes to improving 
and maintaining well balanced intestinal flora, prevents gastrointestinal disorders and its 
specific  health  effects  are  being  investigated  :  alleviation  of  chronic  intestinal 
inflammatory diseases, prevention and treatment of pathogen-induced diarrhea, urogenital 
infections, …

These probiotics used in foods have previously been primarily added as part of the 
fermentation process, however increasingly they are added as supplements. 

Further there is also an increasing trend in using probiotics as nutraceuticals, being 
available in various forms such as in capsules (See Part IV).
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 This changing trend in probiotic delivery may lead to reduced functional efficacy 
due to exclusion of the potential synergistic effect of the food.
There  is  an  obvious  potential  for  a  synergetic  effect  when  combining  probiotics  and 
prebiotics  appropriately,  because  prebiotics  promote  the  growth  and  activities  of 
probiotics (As see part I-3)

Physico-chemical  properties  of  food carriers used for  probiotic  delivery, such as 
buffering capacity and pH, are significant factors that influence survival of the probiotic 
and hence potential probiotic effects during gastric transit.

Food formulations with appropriate pH ranges and high buffering capacity would 
increase the pH of the gastric tract and thereby enhance the stability of probiotics.

 Benefits of the probiotics :  

Experiments  into  the benefits  of  probiotic  therapies  suggest  a range of  potentially 
beneficial medicinal uses for probiotics. 

Researches are limited and only preliminary results are available. It should be noted 
that the effects described are  not general effects of probiotics : all effects can only be 
attributed to the individual strains tested, not to the whole group of LAB. 

The intestinal tracts of all mammalian species are composed of a complex collection of 
microorganisms that is known as the “intestinal microflora”.

Schedule 2 : “Bacterial genera that are commonly detected as components
of the intestinal microflora of humans”

TIBTECH JULY 1997 (VOL 15)

The choice of strains to be included in probiotic products has largely been decided 
on the basis of whether they are amenable to industrial handling and if they will remain 
viable for a suitable time in the prepared product.

Molecular  analysis  of  two lactic-acid-producing genera that are members of  the 
intestinal microflora has shown that each human harbours their own unique collections of 
bacterial strains. 

This  technology,  combined  with  other  methods  (polymerase  chain  reaction, 
oligonucleotide probes, …) provides the means by which the detailed analysis of the effect 
of  consuming  a  probiotic  product  on  the  composition  of  bacterial  populations  already 
resident in the intestinal tract can be made.

Schedule 3 : “You can be identified on the basis of your intestinal  
microflora”

TIBTECH JULY 1997 (VOL 15)

First  benefits  of  the probiotics  were found in  the prevention and treatment  of 
diseases of the gastrointestinal, respiratory and urogenital tracts. 

Maintenance of normal intestinal gut microflora, protection against gastrointestinal 
pathogens,  enhancement  of  the  immune  system,  reduction  of  lactose  intolerance, 
reduction  of  serum  cholesterol  level  and  blood  pressure,  anti-carcinogenic  activity, 
improved utilization of nutrients and improved nutritional value of food are some of these 
identified benefits. 
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They may provide a number of potential health benefits mainly through maintaining 
good balance and composition of intestinal flora, helping to increase the body’s ability to 
resist the invasion of pathogens and maintain the host’s well being.

Therefore, probiotics have been widely used in therapeutic applications including 
prevention  of  urogenital  diseases  (candidal  vaginitis),  alleviation  of  constipation, 
protection  against  traveller’s  diarrhea,  prevention  of  infantile  diarrhea,  reduction  of 
antibody-induced  diarrhea,  control  of  inflammatory  bowel  diseases  and irritable  bowel 
syndrome  ,  reduction  of  hypercholesterolemia,  protection  against  colon  and  bladder 
cancer, prevention of osteoporosis and prevention of food allergy and atopic diseases.
 Although some of these benefits are yet to be thoroughly proven, these potential 
benefits may result from the growth and action of the probiotic during the manufacturing 
of cultured foods, while some may result from the growth and action of certain species of 
probiotics in the intestinal tract following ingestion of foods containing them.

F.C. Prado et al. / Food Research International 41 (2008) 111–123

We will provide further details on some of the probiotics’ benefits :

 Managing  lactose intolerance :   As  LAB actively  convert  lactose into  lactic  acid, 
ingestion of certain active strains may help lactose intolerant individuals tolerate 
more lactose than what they would have otherwise. 

 Prevention of colon cancer :   Most human trials have found that the strains tested 
may exert  anti-carcinogenic effects  by  decreasing the activity  of  an enzyme  β-
glucuronidase which can generate carcinogens in the digestive system. Lower rates 
of colon cancer among higher consumers of fermented dairy products have been 
observed in one population study. 
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 Lowering cholesterol :   Animal studies have demonstrated the efficacy of certain 
LAB to lower serum cholesterol levels, presumably by breaking down bile in the gut, 
thus inhibiting its reabsorption (which enters the blood as cholesterol). 

 Lowering blood pressure :   Small clinical trials have indicated that consumption of 
milk fermented with various strains of LAB may result in modest reductions in blood 
pressure,  thought  to  be  due  to  inhibitor  (like  peptides)  produced  during 
fermentation. 

I  mproving immune function and preventing infections :   They may protect against 
pathogens by means of  competitive inhibition and may improve immune function 
by  increasing  the  number  of  producing  plasma  cells.  Clinical  trials have 
demonstrated  that  probiotics  may  decrease  the  incidence  of  respiratory  tract 
infections  and  dental  caries in  children. LAB foods and supplements have been 
shown  to  be  aid  in  the  treatment  and  prevention  of  acute  diarrhea,  and  in 
decreasing  the  severity  and  duration  of  rotavirus infections  in  children  and 
travelers' diarrhea in adults. 

 Antibiotic-associated diarrhea :   Probiotic treatment can reduce the incidence and 
severity of AAD under several meta-analyses, even if efficacy of probiotic depends 
to the probiotic strains used and to the dosage.

 Reducing inflammation :   LAB foods and supplements have been found to modulate 
inflammatory and  hypersensitivity responses,  probably  due  to  the  regulation  of 
cytokine function. Clinical studies suggest that they can prevent reoccurrences of 
inflammatory bowel disease in adults, as well as improve milk allergies. 

Irritable bowel syndrome and colitis   :   Some strains (like B. infantis or Lactobacillus  
plantarum) were found to improve some symptoms of irritable bowel syndrome in 
women in a recent study. A probiotic formulation was found to be safe in treating 
ulcerative colitis, though efficacy in the study was uncertain. 

Managing  urogenital  health   :   Several  in  vitro studies  have  revealed  probiotics' 
potential in relieving urinary tract infections and bacterial vaginosis. 

Schedule 4 : “Examples of probiotic strains used in prevention and 
treatment of some diseases”

F.C. Prado et al. / Food Research International 41 (2008) 111–123

Unfortunately, probiotics have also “disadvantages” …

They could be potentially harmful in some specific situation (critically ill patients, …). All 
the followings situations were clinical trials.
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In  the  Netherlands,  under  the  supervision  of  M.  Besselink,  the  consumption  of 
cocktail containing genetically modified strains of probiotic bacteria increased the death 
rate of patients with acute pancreatitis. 

At the  University of Western Australia, Dr Susan Prescott and her colleagues gave 
178 children either a probiotic or a  placebo for the first six months of their life. Those 
given the good bacteria were more likely to develop sensitivity to allergens. 

Some  hospitals  have  reported  treating  lactobacillus  septicemia which  is  a 
potentially fatal disease caused by the consumption of probiotics by people with lowered 
immune systems.

2- Example of a   Greek probiotic product  

Many products that we consume every day are naturally sources of probiotics. This is 
the case of certain cheeses, yogurt, milk, ... until meat! As the sausages, for example.

A study conducted at the Laboratory of Food Microbiology and Hygiene (University of 
Thessaloniki, Greece) was to characterize lactic acid bacteria isolated from a Greek dry-
fermented sausage in respect of their technological and probiotic properties. 
We will sum up this study in order to keep the most important information.

A total of 147 lactic acid bacteria were isolated from two types of naturally fermented 
dry sausages at four different stages of the ripening process studied in order to select the 
most suitable strains according to their technological characteristics including probiotic 
properties and antimicrobial activity against food-borne pathogens. 

All strains could grow at 15 °C, whereas the majority of the strains were able to grow 
in the presence of 6.5% NaCl and on acetate agar.. 

Some strains showed very weak lipolytic activity. The enzyme profiling is an important 
factor for selection of strains as starter cultures. A large majority of the strains tolerated 
0.1%  bile  salts  whereas  58%  of Lactobacillus  curvatus  strains  and  all  Lactobacillus 
plantarum strains were resistant to 0.3% bile salts.

The development  of  new probiotic functional  foods presupposes  the application  of 
probiotic lactic acid bacteria resistant to nitrite and sodium chloride to be capable of 
activating and growing quickly during fermentation and ripening, as well as acid, lysozyme 
and bile  resistant  and  able  to  colonize  the  human  intestinal  tract  by  means  of  some 
mechanisms for adhering or binding to the intestinal cells.

Two types  of  Greek  fermented  sausages  were  produced each  one  in  two  different 
batches in a local  meat industry (ANANIADIS ABEE, Xanthi,  Greece) without the use of 
starter cultures.

 The sausage of type I had the following composition: Pork meat (24.7%), beef meat 
(38.8%), pork back fat (31.7%), salt (2.8%), a mixture of sugars (1.16%).

 The sausage of type II differed in the following components: The mix of pork and 
beef  meat  had  a  ratio  1/1,  pork  back  fat  (meat/fat  ratio  2/1),  salt  (2.6%), 
seasonings (1%).
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All 147 isolates from MRS agar were Gram-positive and catalase negative and they were 
originated from samples taken on day 0, 4, 7 and at the end of the ripening process. Of the 
above isolates 75 were obtained from the type I product, whereas 72 strains were isolated 
from the type II product. 

The majority of the strains isolated from the samples taken during the first day of 
fermentation from type I sausage were assigned to the species Lactobacillus sakei and L. 
curvatus, whereas in type II samples there were a mixed population consisted mainly from 
E. faecium, L. curvatus subsp. curvatus, L. paracasei subsp. paracasei and L. sakei. 
Lactobacilli were by far the most prevalent organisms isolated from MRS agar plates (90% 
of the total isolates). Enterococci (4%) were also detected. 

Strains  of  L.  sakei  and  L. curvatus  have been shown to predominate  in  various 
fermented meat products.  They are the best candidates to be used as starter cultures for 
dry sausage production since they were proved highly competitive during fermentation.

E. Papamanoli et al. / Meat Science 65 (2003) 859–867

Identification  of  the  isolates  revealed  that  90%  were  lactobacillus  and  4% 
enterococcus.  The  isolated  strains  of  Lactobacillus  sakei  (49  isolates),  Lactobacillus 
curvatus (24 isolates) and Lactobacillus plantarum (7 isolates) were further characterized. 

Lactic acid bacteria strains are important microorganisms used as starter cultures in 
meat  fermentations.  Their  addition  to  meats  may  improve  safety  and  stability  of  the 
product extending the shelf life and provides diversity resulting in new sensory properties 
as well as health benefits by probiotic characteristics. 

The most  frequently isolated lactic acid  bacteria  from dry sausages processed with 
different technologies are Lactobacillus sakei, L. curvatus and L. plantarum.
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3- Example of a   French probiotic product  

One of the first probiotic products is Lactibiane, created by the French biologist Yves 
Delatte in 1989. 

Lactibiane probiotics from PiLeJe Laboratories are currently available in 17 countries 
around the world : Belgium, Luxembourg, Switzerland, Spain, Poland, Morocco, Tunisia, 
Lebanon, Canada, United States, Peru, Reunion Island, Mauritius, Guadeloupe, Martinique, 
Tahiti, and New Caledoni.

PiLeJe expertise is the result of more than 15 years of research into probiotics and 
their beneficial effect on intestinal flora. The most important feature of a probiotic is its 
strains,  as  these  produce  effects  that  are  specific  to  each  one.  That  is  why  PiLeJe 
Laboratories has been working with independent laboratories to identify unique strains, 
which are now lodged with the Pasteur Institute.

The Lactibiane 2,5g clinical study   :  
 

PiLeJe Laboratory carried out the first clinical study in France intended to measure the 
impact of Lactibiane Référence 2,5g probiotics on Intestinal Functional Disorders. 

It is the first clinical study carried out in France on the effectiveness of probiotics in 
the  treatment  of  functional  bowel  disorders  and  related  symptoms  (gas,  bloating, 
abdominal pain …).

This study dealt specifically with the Lactibiane Reference probiotic mix.

A rigorous and controlled methodology

The Lactibiane 2,5g clinical study was carried out at the Georges-Pompidou European 
Hospital, between September 2004 and January 2006, with 100 participating volunteers,  
selected on the basis of their problems with intestinal functional disorders.
The clinical study was carried out as double-blind with a placebo control : among patients 
selected, 48 took a sachet of  Lactibiane Reference 2,5g daily while 52 persons took a 
placebo sachet, with neither of the two groups knowing the precise contents of the sachets 
consumed. 

The  duration  of  supplementation  was  set  at  28  consecutive  days.  Each  week,  the 
patients had to assess their pain / discomfort levels by filling out questionnaires. They also 
completed a questionnaire on quality of life at the start and completion of treatment.

 The results     :   The efficacy of Lactibiane Reference 2,5 g was demonstrated

Lactibiane  Référence  2.5  g  contains  10  billion  probiotic  lactic  ferments 
(Bifidobacterium longum LA101, Lactobacillus acidophilus LA102, Lactococcus lactis LA103, 
and Streptococcus thermophilus LA104). 

Consuming one sachet of  Lactibiane Reference 2,5g a day for 4 weeks can reduce 
abdominal pain associated with irritable bowel syndrome by 43% and improve the quality 
of life, especially by reducing digestive discomfort (bloating, flatulence).
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Lactibiane  combines  all  the  qualities  of  an  efficient  probiotic  complex:  the 
meticulous selection of strains, the choice of a multi-strain product with synergetic effect, 
stability studies and objective effectiveness tests. 

 Range of probiotics Lactibiane consists of six main products:  

 Lactibiane Reference :  the probiotics for reducing intestinal disorders and 
maintaining the balance flora in the gut.

Lactibiane Children : the probiotics for boosting intestinal flora and improving 
natural immune response (LGG) in young children

Lactibiane  Protect  :  probiotics  that  protect  intestinal  flora  during  medical 
treatment

Lactibiane  Tolérance  :  probiotics  that  contribute  to  digestive  well-being  in 
cases of food sensitivity and allergies.

Lactibiane Candisis : probiotics that boost intestinal flora in support of intimate 
health

Lactibiane Travel : preserves digestive comfort of the traveler.

Ingredients Calorific value Strains

Reference
Sachet :
Potato starch, dextrose, 
fructo-oligosaccharides from 
chicory, lactic ferments, 
maltodextrin, base : 
cellulose. Traces of soya.

Gelatin capsule :
Agent load of corn starch, 
lactic (support : potato 
starch), vegetable capsule, 
anti-caking agents : 
magnesium stearate and 
silicon dioxide. Traces of 
soy.

- 109 UFC per 
sachet 2.5g 
- 209 UFC per 
sachet 5g
- 10.109 UFC for 
one gel of 596 
mg

Lactobacillus 
acidophilus LA102, 
Bifidobacterium 
longum LA 101, 
Lactococcus lactis LA 
103, Streptococcus 
thermophilus LA 104.

Children

Potato starch, dextrose, fructo-
oligosaccharides from chicory, 
lactic ferments, maltodextrin, 
base : cellulose.

499 UFC : sachet 
of 1 g

Bifidobacterium longum 
LA 101, Lactobacillus 
acidophilus LA 102, 
Lactococcus lactis 
LA103, Streptococcus 
thermophilus LA 
104, Lactobacillus 
Rhamnosus GG.

Protect Corn starch, lactic ferments 
(maltodextrins), vegetable-
based gel capsule, anti-caking 
agent : magnesium stearate.

129 UFC for 2 
gelatin capsule

Lactobacillus Rhamnosus 
GG
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Tolerance
Sachet :
Potato starch, chicory inulin, 
corn maltodextrins, lactic 
ferments.

Gelatin capsule :
agent load of corn starch, 
lactic (support : 
maltodextrins), capsule of 
plant origin, anti-caking agent : 
magnesium stearate.

- 49 9 UFC : 
sachet of 1 g
- 109 9 UFC : 
sachet of 2.5g 
and gelatin 
capsule
- 209 9 UFC : 
sachet of 5g

Bifidobacterium lactis LA 
303, Lactobacillus 
acidophilus LA 201, 
Lactobacillus plantarum 
LA 301, Lactobacillus 
salivarius LA 302, 
Bifidobacterium lactis LA 
304.

Candisis

Corn starch, vegetable-based 
gel capsule, lactic ferments 
(base : maltodextrins), anti-
caking agent : magnesium 
stearate. Contains lactoserum 
proteins.

Candisis 5M : 59 

UFC per gelatin 
capsule
Candisis 10M : 109 

UFC per gelatin 
capsule et 209 for 
2 gelatin capsules

Lactobacillus acidophilus 
candisis LA 401

Travel

Cornstarch, milk enzymes, 
vegetable capsule (lubricant), 
magnesium stearate.

209 per gélatine 
capsules

Lactobacillus acidophilus 
LA201, 
Lactobacillus plantarum 
LA301, Lactobacillus 
casei LA205.

http://www.probiotiques-lactibiane.fr/
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III – Lactic Acid Bacteria in Probiotic Products

1- Terms   and ways of use  

In  order to derive a worthwhile health benefit,  several  factors  must  be taken into 
account. 

First of all, the effects of probiotics on health are “dose dependant”, that is, they vary 
according to the quantity consumed. 

Secondly, it must be understood that not all strains of probiotics produce the same 
effects. This is why it is useful  to get advice from a health professional  who can then 
prescribe the strains and the quantities best suited to your needs.

Controlled trials are needed to determine the scientific basis for their use, the correct 
formulation and ways of administration in different clinical situations.

Probiotics have been used in animals and humans. This includes a very large and constantly 
increasing group of micro-organisms.

B. Mombelli, M.R. Gismondo : International Journal of Antimicrobial Agents 16 (2000) 531–536

If the micro-organism is to be administered orally, it has to be resistant to bile and 
gastric juices, and be able to colonize and interfere with the growth of pathogens. Ideally 
it should be of human origin and genetically stable, but more critical is that it needs to be 
intrinsically  resistant  to  antibiotics,  and  the resistance  should  not  be  transmissible  or 
inducible.
Other characteristics, such as being safe to take, efficacious and easily administered, are 
desirable. Probiotics are still, however, not considered drugs by doctors and patients.

There are different ways to administer probiotics, but oral administration is the 
most used. 

The use of rectal therapy has some advantages as a more varied selection of micro-
organisms that do not have to be resistant to pH can be used and can be deposited at the 
site of action in the case of gut disorders.

Vaginal administration may be a good way to obtain lactobacilli recolonization, and 
has  been suggested  in  the prevention or  treatment of  bacterial  vaginosis  or  recurrent 
urinary tract infections in women.

Oral administration is in the form of food or pharmaceuticals.

Probiotics processed in yoghurt or dissolved in milk are limited by the need for cold 
storage and have reduced shelf life. 
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Furthermore,  people  with  digestive  disorders  cannot  consume  sufficiently  large 
quantities of these products. These limitations can be overcome by the use of air-dried or 
freeze-dried  bacteria  in  pharmaceuticals  preparations.  The  recommended  dose,  by 
whatever route of administration, is about 109–1011 micro-organisms.

The use of probiotics in different diseases or conditions is attractive. 
However, there are still many questions to be answered before probiotics can be used 

routinely as therapy. Studies in humans have to prove the efficacy of different species, the 
conditions for their use, the optimal administration route and the formulation.

The right probiotics should be suitable from a microbiological and clinical perspective, 
and proper use can only be attempted with the strict co-operation of microbiologists and 
physicians.

2- Analysis procedure  

We are interested in a clinical study based on screening LAB from swine origins for 
multistrains probiotic based on in vitro functional properties.

Lactic  acid  bacteria  originated  from  swine  feces  and  intestines  were  selected  for 
potential  probiotics  based  on  their  bile-salt  resistance,  low  pH  tolerance,  potential 
adhesion to epithelial cells and especially functional properties, including production of 
antimicrobial substances, bile-salt hydrolase (BSH) and amylolytic activity.

Probiotics  can  be  constituted  of  monostrain  and  multistrain  (multispecies) 
microorganisms. 

The  functionality  and  efficacy  among  monostrain  and  multistrain  probiotics  was 
compared and use of multistrain probiotics should be encouraged. The reason of enhanced 
efficacy by multistrain probiotics lies in two aspects: 

 multistrain  probiotics have  more  chances  of  successful  colonization  in  the 
gastrointestinal tract than monostrain 

 multistrain probiotics are expected to show enhanced efficacy demanding a variety 
of probiotic properties, whereas such properties are strain-specific.

 Materials and methods  

 Isolation of LAB   :  

150 fecal samples from healthy piglets were collected for isolation of LAB strains.
Each  fecal  sample  weighing  about  1  g  was  serially  diluted.  As  to  the  intestinal  wall 
samples,  about  1  g  of  each  sample  was  rinsed  rigorously  by  sterile  saline  before  the 
biopsies were minced and serially diluted. 0.1 ml of the appropriate dilutions was placed 
on the surface of prepoured MRS agar supplemented by 0.5% CaCO3.

 Detection of bile-salt hydrolase activity   :  
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Sterile paper discs of 8 mm diameter were impregnated with 50 µl of overnight culture 
of the test isolates and placed on the MRS agar supplemented with 0.5% sodium salt of 
taurodeoxycholic acid (TDCA) and 0.37%g/l CaCl2.

 Plates were anaerobically incubated at 37 °C for 72 h, and then the diameters of the 
precipitation  zones  around  the  disks  were  measured.  The  isolates  with  the  highest 
precipitation zones were tested in triplicates and selected for further study.

 Coexistence test   :  

Coexistence  among  the  finally  selected  isolates  was  examined  by  a  cross-streak 
method.  The isolates were streaked perpendicularly and across each other on MRS agar 
plates.  The  plates  were  cultured  at  37  _C  for  48  h  anaerobically  to  observe  their 
antagonism against each other.

 Results and discussion  

 Isolation of LAB   :  

The number of LAB in pig’s feces ranges from 7.0 to 9.0 log CFU/g. In the present 
study,  388  LAB  strains  were  isolated  from  fecal  samples  and  97  isolates  from  small 
intestine samples. 

The isolates were Grampositive and catalase-negative. Their colonies could hydrolyze 
CaCO3 on the MRS agar plates. The 485 isolates were ready for the analyses of functional 
properties.

 BSH activity screening   :  

BSH activity is a desirable property as probiotics.
Current research data strongly suggest 

that  microbial  BSH  functions  in  the 
detoxification  of  bile  salts  and increases 
the intestinal  survival  and persistence of 
producing strains. 

There was  a  high  incidence  of  BSH-
positive  LAB strains  shown in  this  study, 
which was 75% in the strains from feces, 
89%  from  intestines,  respectively.  BSH-
positive LAB commonly existed in the GIT 
and the BSH activity in LAB was correlated 
with natural habitat.

 Five isolates were selected for further 
study  because  of  their  largest 
precipitation zones.

X.-H. Guo et al. / Anaerobe xxx (2010) 1  e  6  
 Compatibility assay   :  

In the design of this study, one of the 
screening procedures was the evaluation on the strains’ antimicrobial activity. However, in 
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the probiotic mixtures, the isolates with antagonism might cause the loss of viability of 
other strains and lead to diminished efficacy.

In our case, G1-1 is a bacteriocin-producing strain, which may inhibit bacteria with 
related  species.  Therefore,  the  cross-streak  experiment  was  conducted  to  determine 
whether the selected isolates were compatible in vitro.

X.-H. Guo et al. / Anaerobe xxx (2010) 1  e  6  

Interesting, the selected isolates,  G1-1, G8-5 and G22-2 didn’t show antagonism 
against each other and they were expected to benefit hosts without interference in vivo. 

The neutralized supernatant of G1-1 (pH 6.5) was later confirmed not to show any 
inhibition against isolates G8-5 and G22-2. However, whether the three strains’ in vivo 
compatibility in the GIT corresponds with their in vitro behavior should be further studied.

 Identification   :  

Isolate G1-1 was identified and subsequently confirmed by 16S rRNA gene sequence as 
Lactobacillus salivarius (99% similarity).

Isolates  G22-2  and  G8-5  were  firstly  identified  as  Lactobacillus  acidophilus  and 
Lactobacillus fermentum by API fermentation pattern, respectively. 

The identification was confirmed by 16S rRNA gene sequences and showed both of them 
had significant similarity to Lactobacillus reuteri (99%) in the GenBank database.

Results showed 7 isolates with antimicrobial activity, 5 with BSH activity and 3 with 
amylolytic activity were preliminarily selected from 485 lactic acid bacteria based on their 
highest potential with functional properties in vitro. 

The  15  isolates  were  further  assayed  on  the  essential  characteristics  as  potential 
probiotics. All isolates were fully tolerant to 0.3% bile salts and 11 of them were able to 
resist pH 3 for 3 h without loss of viable cells. 

The eleven isolates were then evaluated on their adhesion capability. Wide variation in 
the hydrophobic character and specific adhesion efficiency was observed and three isolates 
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G1-1, G22-2 and G8-5, with respective antimicrobial, BSH and amylolytic activities were 
finally selected. 

In addition, the three isolates were compatible in the coexistence assay.

From  the  study,  the  three  Lactobacilli  strains  were  shown  to  share  the  functional 
properties  necessary  for  probiotics  use  in  animal  additives.  Their  compatibility  with 
respective  in  vitro  activities  was  expected  to  show  enhanced  in  vivo  efficacy  after 
combination for multistrain probiotics use.

3- Zoom : The role of LAB in cancer prevention  

Colorectal  cancer  is  one  of  the  most  important  causes  of  cancer  morbidity  and 
mortality in western countries. A myriad of healthful effects have been attributed to the 
probiotic lactic acid bacteria; perhaps the most controversial remains that of anticancer 
activity. 

There is no direct experimental evidence for cancer suppression in humans as a result 
of consumption of lactic cultures in fermented or unfermented dairy products. 

However, there is a wealth of indirect evidence, based largely on laboratory studies, in 
the literature and this will be summarized in this part.

The precise mechanisms by which lactic acid bacteria may inhibit colon cancer are 
presently unknown. However, such mechanisms might include :

 Enhancing the host  ’s immune response :  

It is supposed that B. infantis stimulates the host-mediated response, leading to tumour 
suppression or regression. Lactobacillus casei Shirota (LcS) has been shown to have potent 
antitumour and antimetastatic effects on transplantable tumour cells.  

Administration  of  LcS  into  tumour-bearing  mice  has  been  shown  to  induce  the 
production of several cytokines in the thoracic cavity of mice, resulting in the inhibition of 
tumour growth and increased survival. 

These findings  suggest  that  treatment  with  LcS  has  the potential  to ameliorate  or 
prevent  tumorigenesis  through  modulation  of  the  host’s  immune  system,  specifically 
cellular immune responses.

 Binding and degrading potential carcinogens   :  

Bacterial cells in addition to certain plant cell walls may be an important factor in 
determining the ratio of bound to free toxins in the colon. It has been showed that freeze-
dried cells of lactic acid bacteria decreased levels of this food mutagen in blood. 

 Quantitative and/or qualitative alterations in the intestinal microflora   :  

Consumption of fermented milk containing L. acidophilus has been shown to reduce 
significantly  the  counts of  faecal  putrefactive  bacteria  and  increase  the  levels  of 
lactobacilli in the intestine, suggesting that supplemental L. acidophilus has a beneficial 
effect on the intestinal microecology by suppressing the putrefactive organisms that are 
possibly involved in the production of tumour promoters and putative precarcinogens.

 Production of antitumourigenic or antimutagenic compounds in the colon   :  
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Milk fermented by B. infantis, B. bifidum, B. animalis, L.acidophilus and L. paracasei 
inhibited the growth of the MCF7 breast cancer cell line, and the antiproliferative effect 
was not related to the presence of bacteria. 

 Alteration of physicochemical conditions in the colon   :  

Large bowel cancer could be influenced directly by reducing intestinal  pH, thereby 
preventing the growth of putrefactive bacteria. It has been demonstrated that a 6-week 
administration of L. acidophilus to colon cancer patients resulted in lower concentrations 
of soluble bile acids in faeces.

 In another study, patients with colonic adenomas participated in a 3-month study, 
where L. acidophilus was administered together with B. bifidum. During this period, the 
faecal pH was reduced significantly and patients having a higher proliferative activity in 
the upper colonic crypts than that calculated for subjects at low risk for colon cancer 
showed a significant decrease after therapy with the lactic acid bacteria. 

 Effects on physiology of the host   :  

Lactobacilli are one of the dominant species in the small intestine, and these micro-
organisms  presumably  affect  metabolic  reactions  occurring  in  this  part  of  the 
gastrointestinal tract.

The ileal mucosa as well as the colonic mucosa has the capacity to absorb mutagenic 
compounds from the intestinal  lumen, where after the compounds are passed into the 
bloodstream, either unchanged or as metabolites.

 Concluding remarks   :  

Thus, a number of studies indicate that administration of bifidobacteria or lactobacilli 
alone  or  with  fermentable  carbohydrate  can  alter  colonic  microflora  populations  and 
decrease the development of early preneoplastic lesions and tumors. 

However,  several  studies  failed  to  demonstrate  that  bifidobacteria  or  lactobacilli 
administration alters colonic microflora or has effects on the host. 

Many of the antitumor activities attributed to lactic cultures have been suggested to 
involve an enhanced function of the immune response. More work needs to be done to 
identify the specific strains and the mechanisms by which these effects are mediated.

However, even with these reservations in mind and mindful of the limited number of 
human studies described above, the use of lactic cultures for human cancer suppression is 
interesting, holds promise and certainly deserves more scrutiny. 
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IV- Probiotic Products in the Industry

1- Microencapsulation  

Originally, probiotic delivery was consistently associated with foods, particularly dairy 
foods. 

But nowadays, there is an increasing trend toward using probiotics in different food 
systems despite its original sources and even as nutraceuticals, such as in capsules. This 
changing trend in delivering probiotics may lead to a reduction in functional efficacy due 
to the exclusion of the potential synergistic effect of the food. 

Thus,  selection  of  suitable  food systems to deliver  probiotics  is  a  vital  factor  that 
should be considered in developing functional probiotic foods. 

Because of their perceived health benefits, probiotics have been incorporated into a 
range of dairy products, including yoghurts, soft-, semi-hard and hard cheeses, ice cream, 
milk powders and frozen dairy desserts. 

However, there are still several problems with respect to the low viability of probiotic 
bacteria in dairy foods. 

Microencapsulation of probiotic bacteria can be used to enhance the viability during 
processing,  utilization  in  commercial  products  and  also  for  the  targeted  delivery  in 
gastrointestinal tract.

The ability of probiotic microorganisms to survive and multiply in the host strongly 
influences their probiotic benefits.

The standard for any food sold with health claims from the addition of probiotics is 
that it must contain per gram at least 106-107 cfu of viable probiotic bacteria, but it is 
generally more than 109 cells per daily ingested dose. Each product should indicate the 
minimum daily amount required for it to confer specific health benefit(s).

Several factors have been reported to affect the viability of probiotics in fermented 
dairy  products,  including  titratable  acidity,  pH,  hydrogen  peroxide,  dissolved  oxygen 
content, storage temperature, species and strains of associative fermented dairy product 
organisms, concentration of lactic and acetic acids and even whey protein concentration. 

Survival is, of course, essential for organisms targeted to populate the human gut, one 
of the most important issues in health benefit provision by probiotic bacteria.

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.

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. 

A microcapsule consists of a  semi permeable, spherical, thin, and strong membrane 
surrounding a solid/liquid core, with a diameter varying from a few microns to 1 mm. 

Several microencapsulation techniques for encapsulation probiotic microorganisms are 
given in the following table.
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A.K. Anal, H. Singh / Trends in Food Science & Technology 18 (2007) 240-251

Encapsulation can be used for many applications  in  the food industry,  including 
stabilizing  the core material,  controlling  the oxidative  reaction,  providing sustained or 
controlled release, masking flavors, colors or odors, extending the shelf life and protecting 
components against nutritional loss. 

Food-grade polymers  such  as  alginate,  chitosan,  carboxymethyl  cellulose  (CMC), 
carrageenan,  gelatin  and  pectin  are  mainly  applied,  using  various  microencapsulation 
technologies.
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A.K. Anal, H. Singh / Trends in Food Science & Technology 18 (2007) 240-251

Microcapsules  and  microspheres  can  be  engineered  to  gradually  release  active 
ingredients. A microcapsule may be opened by many different means, including fracture by 
heat, solvation, diffusion, and pressure. A coating may also be designed to open in the 
specific areas of the body. 

A microcapsule  containing  acid-labile  core  materials  that  will  be  consumed  by 
gastrointestinal fluids must not be fractured until after it passes through the stomach. A 
coating can therefore be used that is able to withstand acidic conditions in the stomach 
acids and allows those active ingredients to pass through the stomach. 

Schedule 5 : “Photographs showing the disintegration mechanism of …”
A.K. Anal, H. Singh / Trends in Food Science & Technology 18 (2007) 240e251

It  illustrates  the  swelling,  erosion  and  disintegration  of  milk  protein 
polysaccharides’  microcapsules  containing  probiotics.  These  microcapsules  were  first 
incubated  in  simulated  gastric  fluid  (SGF,  pH  1.2)  for  2  h  and  then  transferred  into 
simulated intestinal fluid (SIF, pH 7.4).

 Encapsulation of probiotics in polymer systems  

Encapsulation  of  probiotics  in  a  biodegradable  polymer  matrix  has  a  number  of 
advantages. 

Once in microcapsules, the cells are easier to handle than in a suspension or in slurry. 
The  number  of  micro  particles  can  be  quantified,  allowing  the  dosage  to  be  readily 
controlled. Cryo and osmo-protective components can be incorporated into the matrix, 
enhancing the survival of cells during processing and storage. 
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Finally,  once  the microcapsules  have been  dried,  a  further  surface coating  can be 
applied. This outer layer can be used to alter the aesthetic and sensory properties of the 
product and may also be functional, providing an extra level of protection to the cells. 

In addition, the coating layer can have desirable dissolution properties, which permit 
delayed release of the cells or release upon, for example, a change in pH.

Various polymer systems have been used to encapsulate probiotic microorganisms to 
protect  against  low pH and high bile  concentrations  and to  enhance  physical  stability 
during downstream processing. Microcapsule or bead systems using various biopolymers are 
very easy to prepare on a lab-scale, and any ingredients can be encapsulated

However, the scaling up of the process is very difficult and processing costs are very 
high. 

Moreover, most of the conventionally produced microcapsules tend to be very porous 
which allows fast and easy diffusion of water and other fluids in and out of the matrix.

Discuss in more detail about some encapsulation techniques :

 Encapsulation of probiotics in k-carrageenan  

Carrageenan is a natural polysaccharide that is extracted from marine microalgae and 
is commonly used as a food additive.

 Elevated temperatures (60-80 °C) are needed to dissolve the polymer. Gelation of k-
carrageenan is generally dependent on a change in temperature. The cell slurry is added to 
the heat-sterilized carrageenan solution at 40-45°C and gelation occurs by cooling to room 
temperature. 

The beads are formed after dropping the mixture of polymer and cells into a potassium 
chloride (KCl) solution. The gel bead strength can be enhanced using another polymer, such 
as locust bean gum. Cells produced by this technology exhibited important physiological 
changes and increased stress tolerance. 

The tolerance of these cells to stresses, such as freeze drying, hydrogen peroxide and 
simulated gastrointestinal conditions, increased markedly with culture time and after 15 
days was higher than the tolerance of cells produced by a conventional method.

 Encapsulation of probiotics in alginate systems  

Alginic acid, a natural polymer, is a polyuronic acid that is extracted from seaweeds 
and is composed of various proportions of Mannuronic (M) and Guluronic (G) acids. 

Alginic acid  and  its  salts  are  block  copolymers,  containing  both  MM  and  GG 
homopolymer blocks and mixed blocks containing irregular sequences of M and G units. The  
binding  of  divalent  cations  and  the  subsequent  gel  formation  are  dependent  on  the 
composition and arrangement of the blocks of residues.

On  addition  of  sodium  alginate  solution  to  a  calcium  solution,  interfacial 
polymerization is instantaneous, with precipitation of calcium alginate followed by a more 
gradual gelation of the interior as calcium ions permeate through the alginate systems. 

The size of the beads is generally dependent on the viscosity of the polymer solution, 
the diameter  of  the orifice  and  the  distance  between the outlet  and  the coagulation 
solution.

 Studies  have  shown  that  calcium-alginate immobilized  cell  cultures  are  better 
protected, shown by an increase in the survival of bacteria under different conditions, 
than the non-encapsulated state. 

 Encapsulation of probiotics in cellulose acetate   phthalate (CAP) :  
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Because of its ionizable phthalate groups, this cellulose derivative polymer is insoluble 
in acid media at pH 5 and lower but is soluble at pH higher than 6. 

In addition, CAP is physiologically inert when administered in vivo, and is, therefore, 
widely used as an enteric coating material for the release of core substances for intestinal 
targeted delivery systems. 

After inoculation of the CAP microcapsules loaded with bacteria into bile solution (pH 
7),  complete  dissolution  of  the powder  indicated  that  both the wall  material  and the 
process  used in the preparation of  the microcapsules were adequate in protecting the 
bacteria, to pass undamaged through the acidic conditions of the stomach, followed by 
their rapid liberation in the pH of the intestine.

 Encapsulation of probiotics in proteins and   polysaccharide mixtures  

Gelatin is useful as a thermally reversible gelling agent for encapsulation. Because of 
its  amphoteric nature, it  is  also an excellent candidate for incorporating with anionic-
gelforming polysaccharides, such as gellan gum. These hydrocolloids are miscible at pH >6, 
because they both carry net negative charges and repel one another. 

However, the net charge of gelatin becomes positive when the pH is adjusted below its 
isoelectric point and causes a strong interaction with the negatively charged gellan gum. 
The double membrane coating enhanced the resistance of the cells to acidic conditions 
and higher bile salt concentrations.

 Encapsulation of probiotics in chitosan  

The biopolymer chitosan is gaining importance in the food and pharmaceutical field 
because of its unique polymeric cationic character, good biocompatibility, non-toxicity and 
biodegradability. 

Chitosan can be isolated from crustacean shells, insect cuticles and the membranes of 
fungi. The properties of chitosan vary with its source.

 In order to achieve sufficient stability, chitosan gel beads and microspheres can be 
ionically cross-linked with polyphosphates and sodium alginate. 

The microencapsulation of LAB with alginate and a chitosan coating offers an effective 
means of delivering viable bacterial cells to the colon and maintaining their survival during 
refrigerated storage.

 Encapsulation of probiotics in starch  

Starch is  a dietary component that has an important role in colonic physiology and 
functions and a potential protective role against colorectal cancer. Resistant starch is not 
digested by pancreatic amylases in the small intestine and reaches the colon, where it can 
be fermented by human and animal gut microflora. 

Resistant starch can be used to ensure the viability of probiotic populations from the 
food to the large intestine and offers an ideal surface for adherence of the probiotics to 
the starch granule during processing, storage and transit through the upper gastrointestinal 
tract, providing robustness and resilience to environmental stresses. 

Bacterial adhesion to starch may also provide advantages in new probiotic technologies 
to enhance delivery of viable and metabolically active probiotics to the intestinal tract.

Sophisticated shell materials and technologies have been developed and an extremely 
wide variety of functionalities can now be achieved through microencapsulation. Any type 
of triggers can be used to prompt the release of the encapsulated ingredients, such as pH 
changes, mechanical stress, temperature, enzymatic activity, time, osmotic force, etc.
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Encapsulated probiotic bacteria can be used in many fermented dairy products, such as 
yoghurt, cheese, cultured cream and frozen dairy desserts, and for biomass production.
In  the encapsulated  form, the  probiotics  are  protected  from bacteriophage and harsh 
environments, such as freezing and gastric solutions. 

The  use  of  microencapsulated  probiotics  for  controlled  release  applications  is  a 
promising alternative to solving the major problems of these organisms that are faced by 
food industries.

 Even so, the challenges are to select the appropriate microencapsulation technique 
and encapsulating materials. To date, the research on the encapsulation of probiotics has 
focused mainly on maintaining the viability of the probiotic bacterial cells at low pH and 
high bile concentrations.

2- Commercial applications  

 Zoom on Spray- and freeze-dried probiotic products :  

Probiotic cultures for food applications are frequently supplied in frozen or dried form, 
as either freeze-dried or spray-dried powders. The successful spray drying of  Lactobacilli 
and Bifidobacteria has previously been reported for a number of different strains, including 
L. paracasei, L. curvatus, L. acidophilus, L. rhamnosus and Bifidobacterium ruminantium. 

However,  most  probiotic  bacteria  do  not  survive  well  during  the  temperature  and 
osmotic extremes to which they are exposed during the spray drying process. When spray 
drying is used for the preservation of potential probiotic cultures, much of their activity is 
typically lost after a few weeks of storage at room temperature. 

This is associated with stress that is induced by temperature changes, phase changes 
and  drying,  a  combination  of  which  tends  to  damage  cell  membranes  and  associated 
proteins.

One approach used by a number of researchers to improve probiotic survival is the 
addition of protectants to the media prior to drying. For example, the incorporation of 
thermoprotectants,  such  as  trehalose,  non-fat  milk  solids  and/or  adnitol,  growth 
promoting factors including various probiotic/prebiotic combinations have been shown to 
improve culture viability during drying and storage. 

Microencapsulation by spray drying is a well-established process that can produce large 
amounts of material. 

Nevertheless,  this  economical  and  effective  technology  for  protecting  materials  is 
rarely  considered  for  cell  immobilization  because  of  the high  mortality  resulting  from 
simultaneous dehydration and thermal inactivation of microorganisms.

In response to these limitations, a low cost microencapsulation method, which can be 
easily scaled up, to improve the stability of probiotic lactic cultures has been proposed. 

The  technique  consists  of  coating  milk  fat  droplets  containing  powder  particles  of 
freeze-dried bacteria with whey protein polymers, using emulsification and spray drying in 
a continuous two-step process. 
Successful  production  of  the resulting  multiphase  low diameter  microcapsules  requires 
rigorous control of the size distribution of the different elements constituting the capsules. 
In particular, the material dispersed in the hydrophobic phase must be larger than the 
bacterial cells and smaller than the fat globules.
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In order to decrease the powder particle size, powder particles was micronized, 
produced by spray drying and emulsification methods, using a spiral jet mill as a grinding 
system. 

Micronization is an effective means of reducing the powder particle size of freeze-
dried cultures with an acceptable mortality rate before producing microcapsules with low 
diameters for the protection of sensitive probiotic bacteria.

However, the use of  micronized cultures  in cell  encapsulation technologies  that 
require heat treatment, such as spray drying, may reduce cell viability.

Direct dispersion of fresh cells in a heat-treated whey protein suspension followed 
by spray drying was found to be an alternative and less destructive microencapsulation 
method. 

Even though the viability of the bacteria after spray drying remained low, these 
micro particles showed cell protection in gastric juice and controlled release of probiotic 
bacteria under simulated intestinal conditions.

Furthermore,  the  addition  of  cryoprotectants  during  the  freeze  drying  of 
lactobacilli  has been used to help overcome inactivation during drying and stabilization 
during storage.

 How to select the right LAB products for probiotic use ?  

A study on viable counts and characteristic evaluation for commercial LAB probiotic 
products was conducted in Taiwan. 

Numerous commercial LAB related products are available in the markets all over the 
world. Among 47 items of health foods approved by the Department of Health in Taiwan, 
21 are LAB related products claimed with improving gastrointestinal functions.

These LAB products are available in liquid form, such as yogurt, and solid form, such as 
powder, granule and tablet. Most of the LAB strains are used in combination : two or more 
LAB strains or species are used in a product. 

These  LAB  strains  include  strains  of  Lactobacillus  thermophilus,  Streptococcus 
bulgaricus, L. acidophilus, L. casei; …

Owing to the high market share of LAB products in Taiwan, it is important for the public to 
know the probiotic characteristics of the LAB strains in these commercial products.
In  this  study,  we  selected  8  brands  of  commercial  LAB  products  available  in  Taiwan 
markets : 2 fermented milk (yogurt) products and 6 dry powder or granule products. 

W.-H. Lin et al. / Food Microbiology 23 (2006) 74–81
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The viable LAB counts in these products were enumerated and their acid as well as 
bile tolerance were evaluated with a simulated human digestive system.

 LAB strains survived from such system were then subjected to other characteristic 
studies including the evaluation of their antagonistic activity against pathogenic bacteria 
and their adherence to the human intestinal cells (Int-407).

Commercial LAB products have been one of the major health related foods in the 
world. When a LAB strain was used as probiotic, it should be safe and possess some basic 
characteristics, such as the tolerance to acid and bile, the ability to adhere to human 
intestinal epithelium and the antagonistic activity against bacterial pathogens. 

Most commercial products are claimed with high number of viable LAB counts which 
was generally thought to be helpful for probiotic function. 

Since the process used here for tablet and granule samples analysis should allow the 
counting of viable LAB cells, the absence of viable cells in some of these products might be 
simply due to the liability of the LAB strains. 

For tablet products, the viability of LAB cells could be affected by the processing 
conditions, such as the compaction forces during the compositions of excipients, and the 
storage temperature.

Strains from such products show their ability to survive through the GI tracts and 
express  their  probiotic  functions  in  the  gastrointestinal  environment.  Gastrointestinal 
conditions were simulated to evaluate the survival rates of LAB strains and found variation 
in acid and bile tolerance for different LAB products. 

The ability of LAB to adhere to mucosal surfaces is important not only for bacterial 
maintenance  in  the  human gastrointestinal  tract,  but  also  for  LAB  to  inhibit  the  cell 
association and cell invasion by bacterial pathogens. Int-407 cell line was used to evaluate 
the ability of LAB to adhere on the human intestinal epithelium. 

Schedule 6 : “Adherence of LAB to the Int-407 cell line.”
W.-H. Lin et al. / Food Microbiology 23 (2006) 74–81

Most commercial products consist of LAB strains unable to or weakly adhere to the 
human intestinal epithelium. Under such situation, the probiotic function of LAB might be 
reduced.

In conclusion, this study offers some useful information for the public to select the 
right LAB products for probiotic use.
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I  V – Non dairy probiotic products  

The allergy to dairy products affect negatively some persons : lactose intolerance and 
the cholesterol content are two major drawbacks. Traditions and economic reasons that 
limit the use of dairy fermented products in some developing countries promote the idea 
of reduction of milk components as vehicles for the probiotic agents.

 At present, some non-dairy probiotic beverages are commercialized. 

1- Beverages  

There are a wide variety of traditional non-dairy fermented beverages produced around 
the world. Much of them are non-alcoholic beverages manufactured with cereals as 
principal raw material.

Boza is a beverage consumed in Bulgaria, Albania, Turkey and Romania. It is a 
colloid suspension, from light to dark beige, sweet, slightly sharp to slightly sour, made 
from wheat, rye, millet, maize and other cereals mixed with sugar, or saccharine.

Boza has become a very popular beverage consumed daily by people of all ages due 
to its pleasant taste, flavor and high nutritional values.
Microflora identification of Bulgarian boza shows that it mainly consists of yeasts and lactic 
acid bacteria (L. plantarum, L. acidophilus, L. fermentum,…)

Bushera is the most common traditional beverage prepared in the Western 
highlands of Uganda. The product is consumed by both the young children and the adults.

The sorghum or millet flour from the germinated sorghum and millet grains is mixed 
with the boiling water and left to cool to ambient temperature. Germinated millet or 
sorghum flour is then added and the mixture is left to ferment at ambient temperature for 
1–6 days. 
The lactic acid bacteria isolated from Bushera were from Lactobacillus, Enterococcus and 
Streptococcus genera.

Pozol is a refreshing beverage, consumed in the Southeastern Mexico, made by 
cooking maize in a lime solution, washing with water, grinding to make dough known as 
nixtamal, shaping into balls, wrapping in banana leaves and leaving to ferment at ambient 
temperature for 0.5–4 days. The fermented dough is suspended in the water and drunk. 

A symbiotic functional drink was produced from the oats by combining a probiotic 
starter culture and whole-grain oat substrate. The oats and barley are the cereals with 
highest content of beta-glucan, recognized as the main functional component of the cereal 
fibers. Studies have indicated the hypocholesterolemic effect of this compound, leading to 
20–30% reduction of LDL-cholesterol, and to an expected overall effect of reduced 
cardiovascular disease risk

Despite potential sensory challenges, there is a genuine interest in the development of 
fruit-juice based functional beverages, fortified with the probiotic and prebiotic 
ingredients.

The fruit juices have been suggested as an ideal medium for the functional health 
ingredients because they inherently contain beneficial nutrients, they have taste profiles 
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that are pleasing to all the age groups, and because they are perceived as being healthy 
and refreshing

Hardaliye is a lactic acid fermented beverage produced from the natural 
fermentation of the red grape, or grape juice with the addition of the crushed mustard 
seeds and benzoic acid. 

This beverage can be found in the Thrace region of Turkey. It is very well known and 
has been produced and consumed since ancient times. The mustard seed’s eteric oils 
affect the yeasts and also give flavor to the final product. Benzoic acid inhibits, or 
decreases alcohol production by affecting the yeast. Once fermented, the hardaliye is 
stored at a temperature of 4 _C and consumed either fresh, or aged. The lactic acid 
bacteria found in the beverage were L. paracasei, L.brevis, …

This characterization allowed the selection of appropriate strains for the 
manufacture of hardaliye using pasteurized or sterile filtered grape juices

Evidently, there are already some relatively new nondairy probiotic beverages in the 
market. 

Grainfields Wholegrain Liquid is a refreshing, effervescent liquid that delivers 
active, friendly lactic acid bacteria and yeasts as well as vitamins, amino acids, and 
enzymes. It is made from organic ingredients including the grains, beans, and seeds such as 
the malted organic oats, maize, rice, alfalfa seed, pearl barley, linseed, mung beans, rye 
grain, wheat, millet. 

The liquid is fermented to achieve high levels of active probiotic bacteria sustained 
in a liquid medium immediately available for the use within the digestive system.

Grainfields Wholegrain Liquid is fermented with lactobacilli and yeasts cultures. 
The liquid is dairy-free, contains no genetically modified ingredients and has no added 
sugar

Vita Biosa is a mixture of aromatic herbs and other plants, which are fermented by 
a combination of lactic acid and yeast cultures. The bacteria are selected based on the 
criterion of their providing the microflora of the intestines with the best possible 
conditions. During the fermentation, the lactic acid formed produces a low pH value of 
about 3.5. The low pH prevents the development of harmful bacteria in the finished 
product. 

Vita Biosa also contains a high number of antioxidants. The reason for this beverage 
becoming so popular is its ability to quickly restore the natural balance in the digestive 
system. The liquid restricts harmful bacteria and thus gives the beneficial bacteria a better 
possibility to multiply and create healthy intestinal flora. Vita Biosa is manufactured in 
Denmark

Proviva was the first probiotic food that does not contain milk, or milk 
constituents. It was launched in Sweden by Skane Dairy (Sweden) in 1994. The active 
component comprises lactic acid bacteria fermented oatmeal gruel.

In recent years, the consumer demand for non-dairy based probiotic products has 
increased and the application of probiotic cultures in non-dairy products and environments 
represents a great challenge. 

Juice manufacturers in particular were considered to lead new product development 
activities for gut benefit beverages as line extensions of existing functional drinks such as 
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Valio’s Gefilus. Fruit juice-based probiotic drinks would become an increasingly important 
category in future years

2- Fruits and vegetables  

The fruits and vegetables are rich in the functional food components such as minerals, 
vitamins, dietary fibers, antioxidants, and do not contain any dairy allergens that might 
prevent usage by certain segments of the population.

Over centuries fermentation has been used to preserve, improve the quality or modify 
the flavor of cereals, fruits, vegetables, legumes and meat. As fermentation process 
involves mixed cultures such as yeast, lactic acid bacteria (LAB), and traditional fermented 
foods are a plentiful source of microorganism and some of them show probiotic 
characteristics

Schedule 7 : “Potential probiotic traditional fermented food”
Y. Rivera-Espinoza, Y. Gallardo-Navarro / Food Microbiology 27 (2010) 1–11

Technological advances have made possible to alter some structural characteristics 
of fruit and vegetables matrices by modifying food components in a controlled way. This 
could make them ideal substrates for the culture of probiotics, since they already contain 
beneficial nutrients such as minerals, vitamins, dietary fibers, and antioxidants.

A sensory impact study showed that consumers prefer the sensory characteristics of 
conventional orange juices to juice containing probiotics but if their health benefits 
information is provided the preference increases over the conventional orange juices.

Although LAB has been considered a difficult microorganism that demands various 
essential amino acids and vitamins for growing, it has been found that some probiotic 
strains have the capability to grow in fruit matrices.

Different microorganism species exhibit different sensitivities towards the pH of the 
substrate, post-acidification in fermented products, metabolism products, temperatures, 
dry and gastrointestinal tract conditions. It has been reported that the optimum probiotic 
growth temperature is between 35 and 40 °C and the best pH is between 6.4 and 4.5, 
ceasing when a pH of 4.0–3.6 is reached.

This situation has been solved by using some supports such as agar, polyacrylamide, 
calcium pectate gel, chemically modified chitosan beads and alginates to provide a 
physical barrier against unfavorable conditions.

Although LAB are the principal microorganisms responsible for the natural 
fermentation of vegetables, the indigenous LAB flora varies as a function of the quality of 
the raw material, temperature, and harvesting conditions.

Since health benefits imparted by probiotic bacteria are strain specific, some 
studies have been carried out to isolated strains with probiotic characteristics in non-dairy 
fermented products to amplify their use in different foods.
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In general, according to the probiotic studies reported, the growth and the viability 
of cells in fruits and vegetables depends on the strains used, final acidity and the 
concentration of lactic acid and acetic acid of the product.

Probiotics have a promising potential for exploitation as functional supplements in fruit 
products due to their impressive tolerance to acidic environments; however, the use of 
physical barriers against adverse external conditions is recommended

3- Cereals and soja  

Cereal grains are considered to be one of the most important sources of protein, 
carbohydrates, vitamins, minerals and fiber for people all over the world.

A multitude of non-dairy fermented cereal products has been created throughout 
history for human nutrition, but only recently probiotic characteristics of microorganisms 
involved in traditional fermented cereal foods have been reported.

More studies are being done to demonstrate that cereals are suitable substrates for the 
growth of some probiotic bacteria.

The probiotic strain has the challenge of meeting the criteria for good survival as well 
as the criteria for fermentation, bearing in mind that the relationship with other 
microorganisms is very important too. The mechanism of possible interaction between 
yeast and LAB has not been widely studied. 

Such interactions may stimulate or inhibit the growth of one or both of the co-culture 
strains. The co-cultured organism may compete for growth nutrients or may produce 
metabolic products that inhibit each other’s growth. It has been reported that yeast may 
produce vitamins that enhance the growth of LAB.

Oats which is recognized as the main functional component of cereal fiber is too 
commonly used to perform probiotic studies.

Yosa, a new oat-based fermented food, similar to flavored yogurt or porridge, contains 
LAB and Bifidobacteria. Yosa is therefore considered a healthy food due to its content of 
oat fiber and probiotic LAB, which combine the effect of b-glucane for cholesterol 
reduction and the effect of LAB benefits to maintain and improve the environment in the 
intestinal balance of the consumer.

Maize, one of the most important sources of food for millions of people, particularly in 
Latin America and Africa, has a low nutritive value. Therefore, methods such as 
nixtamalization and fermentation have been performed to improve the nutritional quality 
of maize-based foods

Probiotic fermented maize products could have a good world-wide acceptance, since it 
has been observed that maize fermentation induces fruity flavors in traditional Mexican 
foods.

It has been demonstrated that LAB and yeasts are the most abundant microorganisms in 
spontaneous fermentation that produces sour products.
Other traditional maize product studied is Boza, which is a low-pH and low alcohol 
beverage produced in the Balkan Peninsula with wheat and other cereals

45



THE USE OF LACTIC ACID BACTERIA IN PROBIOTIC PRODUCTS
TEI OF 

ATHENS

Rice, the major cereal in Asia, and its products could be an economical and 
beneficial medium to develop probiotic foods. As mentioned earlier, the use of 
fermentation is very common to increase the level of nutrients in cereals. Other method to 
enhance their quality of nutrients and bioactive compounds is germination, and since this 
process increases the content in proteins, amino acids, sugars and vitamins, it has been 
proposed for the growth of probiotic bacteria.

 Actually, it was observed that the growth of probiotic bacteria in media containing 
germinated rough rice powder was greater than in media containing only rice powder.
Germinated rice grains showed an increased content in reducing sugars, total protein 
contents and vitamins, mainly B vitamin, a very important element required for the growth 
of certain LAB.

Soybean, the most important legume in the traditional Asian diet, is rich in high-
quality protein. The products of soybean play an important role in the prevention of 
chronic diseases such as menopausal disorder, cancer, atherosclerosis, and osteoporosis.

Despite its ubiquity in the diet, soybean has some limitations such as a disagreeable 
bean flavor for some food processes, and its content of raffinose and stachyose produces 
flatulence. Fermentation has been a traditional option to increase digestibility of soy 
products and make them more flavored.

Experiments studying the survival of probiotics indicate that soymilk is a good 
substrate for bacteria such as the Lactobacillus species Lb. casei, Lb. fermenti, Lb. reuteri 
and Lb. acidophilus 

Beans contain phenolic compounds that exhibit antioxidative activity, which may 
reduce the oxidative damage in the human body. Previous research has demonstrated that 
this activity of fermented soy foods is remarkably stronger than unfermented steamed.

It was reported that an enhanced inhibition effect on ascorbate autoxidation, reducing 
activity, and superoxide anion radical-scavenging effect can be obtained through 
fermentation of soymilk with LAB and Bifidobacteria. 

However, the extent of increased antioxidative activities varied with the starter 
organism employed. In addition, freeze-drying of fermented soymilk resulted in a lower 
reduction of antioxidative activities of soymilk than did spraying-drying. 

The increased antioxidative activities of soymilk after fermentation with LAB and 
Bifidobacteria further increases the potential of developing a probiotic diet adjunct with 
fermented soymilk.

4- Meat  

Meat has been shown to be an excellent vehicle for probiotics. The buffering capacity 
of meat may be due to a raised pH of the microenvironment of bacteria living on the 
surface. 

Furthermore, meat has been found to protect LAB against the lethal action of bile.
The target products in meat processing are the various dry sausages which are 

processed by fermenting without heating. A fermented sausage is prepared from seasoned, 
raw meat that is stuffed in casings and is allowed to ferment and mature.

The microorganisms primarily involved in sausage fermentation include species of LAB, 
Gram-positive, catalase positive cocci (GCC), molds and yeast, which constituted the so-
called ‘‘house flora’’. 
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Inoculation of the sausage batter with a starter culture composed of selected LAB 
improves the quality and safety of the final product and standardizes the production 
process. 

According to the definition of Hammes , meat starter cultures are ‘‘preparations which 
contain living or resting microorganisms that develop the desired metabolic activity in the 
meat’’. As a rule, they are facultative hetero-fermentative strains, which produce lactic 
acid from hexoses, such as glucose and lactose, as their only metabolic product. As there is 
not sufficient glucose in meat to markedly reduce the pH, glucose is added to the sausage 
matrix. 

Some LAB, such as Lb.sakei, can ferment lactose, whereas others such as Lb. 
rhamnosus are not able to utilize lactose. LAB strains that are currently commonly 
employed in meat starter cultures include Lb. casei, Lb. curvatus, Lb. pentosus, Lb. 
plantarum, Lb. sakei,... 

Functional starter cultures offer additional beneficial properties compared to classical 
starter cultures and represent a way of improving and optimizing the sausage fermentation 
process and achiever tastier, safer and healthier products.

Microorganisms that have probiotic qualities are receiving increasing interest; however, 
research reports related to the inclusion of probiotic microorganims in dry fermented 
sausages are few in number . Various studies have shown that probiotic organisms survive 
poorly in fermented foods. 

Nonetheless probiotic organisms may be ‘‘encapsulated’’ by the sausage matrix 
consisting of meat and fat. Alginate-microencapsulated probiotics (Lb. reuteri and B. 
longum) may be an option in the formulation of fermented meat products such as sausages 
with viable health-promoting bacteria; nevertheless, their inhibitory action against some 
pathogen organisms could be reduced.

The importance of using dominant strains supports the demand for higher numbers of 
viable cells at the time of consumption, which is a prerequisite for the culture to insure 
beneficial effects on the host.

Although the most typical food matrices for probiotic bacteria have been the 
fermented dairy products and despite the fact they are very demanding microorganisms, it 
is possible to obtain probiotic foods from several matrices, including both fermented and 
non-fermented products. Health-promoting microorganisms offer varieties of sensitivity to 
temperature, substrates, and reveal good relationship with starters’ microorganisms.
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Conclusion

This project is a kind of summary of everything you need to know about lactic acid 
bacteria and their use in probiotic products. The incredible number of journals and articles 
found shows the complexity of the subject, but also the interest of more and more 
advanced than we bear.

This is a subject fairly recent one is talking about the use of lactic acid bacteria in 
probiotics that for a century, although at the time, and other microencapsulation 
techniques were not developed yet!

Dairy products have long been recognized for their benefits, but they did not count 
the beneficial effects of lactic acid bacteria contained in the non-dairy products such as 
meat, fruits and vegetables, etc..

Moreover, this sector is growing rapidly and represents a new market share for 
companies that already enter in competition, especially for fruit drinks.

So on an issue really "in vogue" that I had the chance to work during these three 
months probation. I would also like to thank Dr Batrinon, my tutor, for help and advice 
during my internship, such as Mr Dimitris Timber, Head of Food Technology and Nutrition, 
and Ms. Dimitra Houhoula, Chemistry professor, for their support during my meetings with 
them.
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